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Preface

Since the ONEDANT Code Package was fit released in 1982, it has undergone
numerous changes in the form of bug fks, modification to improve the code’s
robustness, and new feat~es and capabilities. In addition, the c~nt code package
contains the TWODANT and TWOHEX Solver Modules, as well as the ONEDANT
Solver Module.

This manual represents a complete revision of the original user’s manual pub-
lished as Los Alamos National Laboratory report LA-9184M, “User’s Manual for
ONEDANT: A Code Package for ~-Dimensional, ~ifl?usion-~ccelerated, ~eutral-
Particle Transport”, (Feb. 1982). Several new sections have been added to the new
manual, ‘ad it has been restructured to improve its readability.

Although this manual’s detailed focus is on the one-dimensional, discrete or-
dinates Solver, there is 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
performed, etc. These general features apply to any use of the package and its
various Solver Modules. Accordingly, this manual is an essential reference for users
of ONEDANT, TWODANT, or TWOHEX.
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REVISED USER’S MANUAL FOR ONEDANT:

A CODE PACKAGE FOR ONE-DIMENSIONAL,
DIFFUSION-ACCELERATED,

NE~TRAL-PAR~ICLE TRANSPORT— —

by

R. Douglas O’Dell, Forrest W. Brinkley, Jr., Duane R. Marr, and
Raymond E. A1couffe

ABSTRACT

Program Identification: ONEDANT

Computer for which Program is designed: Cray X-MP and Cray Y-MP, but the

● program has been implemented and run on VAX, CDC Cyber 205, large lBM, and
Cray-1 computers.

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~~ and eigenvalue search) problems
subject to vacuum, reflective, periodic, white, albedo, or inhomogeneous boundary
flux conditions are solved. General anisotropic scattering is allowed and anisotropic
inhomogeneous sources are permitted.

Method of Solution ONEDANT numerically solves the one-dimensional, multi-
group form of the neutral-ptmticle, steady-state form of the Boltzmann transport
equation. The discrete-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-
dependent source) iteration technique is used. Both inner and outer iterations are
accelerated using the diffusion synthetic acceleration method.

Restrictions: The code is thoroughly variably dimensioned with a flexible, sophisti-
cated data management and transfer capability. Originally designed for the CDC-
7600 computer, the code is structured for a three-level hierarchy of data storage: a

1



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 25,000 words
of storage and an LCM (or simulated LCM) of a few hundred thousand words or
less storage is sufficient to eliminate the need for using random-access storage.

Running Time Runnin g time is directly related to problem size and to the com-
puter’s central processor and data transfer speeds. On the Cray X-MP, a 69 energy
group [with 40 thermal (upscatter) groups], SIG, P3 scatter, 500 space-point keff
calculation for a light water reactor requires about 48 sec CPU time.

A 30 energy group, SIG, Pq scatter, 30 space-point, fixed surface source, detector
efficiency problem requires about 1.4 sec CPU time on the Cray X-MP.

A 42 energy group, S32, P3 scatter, 200 space-point; coupled neutron/gamma shield-
ing problem requires about 5 sec CPU time on the Cray X-MP.

Generally then, on the Cray X-MP, the running times for ONEDANT will range
from a second to about a minute.

Unusual Features of the Program The code package 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 one or more Solver Modules. Usually when the
code package is provided to the user it will contain the Input and Edit Modules
together with three distinct Solver Modules. The ONEDANT Solver Module is
the one described in this manual. The TWODANT Solver Module performs two-
dimensional calculations in (r,z), (x,y), and (r,8) geometries. The TWOHEX Solver
Module performs twcdimensional calculations on an equilateral triangle spatial
mesh. The code makes use of binary, sequential data files, called interface iiles,
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 frefield 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. Separate versions of
the code package exist for short-word and long-word computers.

Programnu“ng Languages: The program is written in standard FORTRAN 77 lan-
guage.

Machine Requirements For CDC-7600 and similar cumputers a 50,000-word small
core memory (SCM) and large core memory (LCM) are required. For computers
with only a single fast core, the fast core size must be sufEciently large to permit
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partitioning into an SCM and simulated LCM. Random-access auxiliary storage
may occasionally be required if LCM (or simulated LCM) storage is insufilcient for

●
the problem being executed.

Material Available: Source deck (about 125,000 card-images), sample problems, and
this manual have been submitt&l to the %diation Shi&ling Inio=ation Center.
The total package containing the three Solver Modules (ONEDANT, TWODANT,
and TWOHEX) is collectively called the TWODANT Code Package.



I. INTRODUCTION

The ONEDANT code package is part of a modular computer program package
designed to solve the time-independent, multigroup discrete ordinates form of the
Boltzmann transport equation in several different geometries. The modular con-
struction of the package separates the input processing, the transport equation
solving, and the post processing (or edit) functions into distinct, independently
executable code modules: the Input Module, one or more Solver Modules, and the
Edit Module, respectively. The Input and Edit Modules are general in nature and
are common to any of the Solver Modules that may be provided in the overall
package. The ONEDANT Solver Module contains a one-dimensional (slab, cylin-
der, and sphere), time-independent transport equation solver using the standard
diarnond-differencing method for space/angle discretization. Also in existence are
Solver Modules named TWODANT and TWOHEX. The TWODANT Solver Mod-
ule solves the time-independent transport equation using the diarnond-differencing
method for space/angle discretization in (r,z), (x,y), and (r,6) geometries. The
user’s guide for TWODANT is provided in Ref. 1. The TWOHEX Solver Module
solves the time-independent transport equation on an equilateral triangle spatial

●
mesh. The user’s guide for TWOHEX is provided in Ref. 2.

This manual is devoted to the code package consisting of the standardized Input
and Edit Modules together with the ON EDANT one-dimensional transport Solver.
Throughout this manual we will refer to this package as the ONEDANT code
package. When describing the user input for the Input and Edit Modules, we will
restrict ourselves only to the user input required for and usable by the ONEDANT
Solver Module.

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

(1)

(2)

(3)

(4)

(5)

a free-field format card-image 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. 3; both sequential 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 Module;

direct (forward) or adjoint calculational capability;

standard plane, two-angle plane, cylindrical or spherical geometry options;
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(6)

(7)

(8)

(9)

(lo)

(11)

(12)

arbitrary anisotropic scattering order;

vacuum, reflective, periodic, white, albedo, or surface source boundary con-
dition options;

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

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

user flexibility in using both

user flexibilityy in controlling
and

card-image or sequential file input;

the execution of both modules and submodules;

extensive, user-oriented error diagnostics.

ONEDANT is a large, very flexible code package. Great effort has been devoted
to maldng 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 opt ions for select ive and sophisticated executions are available to the
more advanced user. In all cases, redundancy of input has been minimized, and
default values for many input parameters are provided. The code is designed to
be “intelligent” and to do much of the work for the user. The input is designed to
be meaningful, easily understood, easily verified, and easy to change. The printed
output is well documented with liberal use of descriptive comments and headings.
In short, ONEDANT was designed to be fun to use.

Chapter II of this manual provides the user with an overview of the code pmk- ●
age. Included are sections on programming practices and standards, code package
structure, and fictional descriptions of the three principal modules comprising the
package.

Chapter III provides a brief development of the multigroup, discrete-ordinates
form of the diarnond-differenced Boltzmann transport equation in one-dimensional
geometries. Also included is a simplified description of the iterative procedure used
in solving the transport equations and the application of the diffusion synthetic
acceleration met hod.

Chapter IV presents the card-image input format rules for the user.
Chapter V provides the card-image input specifications for ONEDANT. First

is given an overview of the specification of input including descriptive examples.
Next is a “mini-specification” sheet on which are listed all the available input arrays
arranged by input block. This sheet is very useful to the user in organizing his input.
For the more experienced user, the mini-specification sheet is frequently all that
is needed for him to specify his input. Following the mini-specification sheet is a
moderately detailed description of all the input parameters and arrays.

Chapters 11, IV, and V should be read by all first-time users of ONEDANT.
Chapter VI provides extra details on some of the Controls and Dimensions input

parameters found in Block I of the code package input.
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Chapter VII gives amplified descriptions of some of the Geometry-related input
parameters contained in Block II of the input.

●
Chapter VIII provides information on multigroup cross section data/libraries and

their use together with a description of special cross section file-writing capabilities
provided by the code as controlled by input parameters in Block III of the code
package input.

Chapter IX gives further details on Material Mixing and the Assignment of Ma-
terials to Zones as specified in Block IV of the input.

Chapter X is devoted to pertinent details regarding the Solver Module. It con-
tains numerous sections providing specific detailed information needed by the user
to more fully understand some of the Block V (Solver) input. It also provides
details related to the actual execution of the Solver Module.

Chapter XI presents details related to the Edit Module of the package. Both
input and execution-control options for this module are described in detail.

Chapter XII describes the procedure for stacking multiple problems into a single
run.

Chapter XIII provides details on some of the more sophisticated options for
controlling the execution of modules and submodules in the package.

In Chapter XIV error diagnostics/messages contained in the code package are
described. Several examples of errors and the resulting error messages are provided.

Three appendices are also included in the manual. Appendix A provides the file
descriptions for the code-dependent, binary, sequential interface fles generated by
and used in the ONEDANT code package. File descriptions for the CCCC standard
interface files are not provided but can be found in Ref. 3. Appendix B provides
several sample problems for the user. Appendix C provides file descriptions for the
two ASCII files EDTOGX and EDTOUT which contain Edit Module output in
eye-readable form.

I-3



II. OVERVIEW OF THE ONEDANT CODE PACKAGE

The ONEDANT code package is a computer program designed to solve the one-
dimensional, multigroup, discrete-ordinates form of the neutral-particle Boltzmann
transport equation. It was developed as a modular code package consisting of three
modules: an Input Module, a Solver Module, and Edit Module.

In this chapter is provided a discussion of the general programming practices
and standards used in the code package, a description of the code structure, and
overviews of the three modules comprising the package.

A. Programming Practices and Standards

In general, the programming standards and practices recommended by the Com-
mit tee on Computer Code Coordination (CC CC)3~4have been followed throughout
the development of ONEDANT. By following these practices and standards, prob-
lems associated with exporting and implementing the code in different computing
environments and at different computing installations are minimized. This section
provides a brief summary of the CCCC ~rogramming practices and standards used

a

in ONEDANT.

1. Language. The programming language is standard FORTRAN 77 as defined
by the ANSI standard X3.9-1978.5

2. Structure. The code is structured in a form that separates the input and
the output (or edit) functions from the main calculational (or solver) section of the
code. A more complete description of the code structure is provided in Section B
of this chapter.

3. Standard Interface Files. ONEDANT 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 interface files whose structure
and data-content formats have been standardized by the 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 other-
wise used in ONEDANT: ISOTXS, GRUPXS, GEODST, NDXSRF, ZNATDN,
SNCONS, FIXSRC, RTFLUX, ATFLUX, RZFLUX, RAFLUX, and A.4FLUX. File
descriptions for these files are provided in Ref. 3.

The following code-dependent interface files are used in ONEDANT: MACRXS,
BXSLIB, FISSRC, RMFLUX, RZMFLX, SNXEDT, .4DJMAC, SOLINP, EDITIT,
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and ASGMAT. File descriptions for these code-dependent interface files are pro-
vided in Appendix A. Other special purpose ASC files produced by or usable by
the code package are MACBCD, XSLIBB, XSLIBF, XSLIBE, EDTOUT, and ED-
TOGX. File descriptions for the EDTOUT and EDTOGX files are provided in
Appendix C.

The use of the above interface files is described in Section B of this chapter.

4. Data Management and Transfers. ONEDANT is designed with rather
sophisticated data-management techniques in order to accommodate, as efficiently
as possible, the transfer of the large amounts of data frequently needed for solving
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. 3.

For multilevel data transfer using random (direct )-access files, the CCCC proce-
dures have been implemented in ONEDANT. The standardized subroutines DOPC,
CRED/CRIT, DRED/DRIT are used to effect multilevel data transfers using
random-access files. A description of these procedures and subroutines is provided
in Ref. 3.

5. Central Memory Restrictions. ONEDANT is designed to be operable
within a 50,000-word central memory. At the same time, it is easily adaptable to a
larger amount of central memory for installations having a larger central memory.

6. 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 Hollerith word is a single-precision word, while on
a short-word computer, it is a double-precision word.)

B. ONEDANT Code Package Structure

The ONEDANT code package consists of three major, functionally independent
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.

The Solver Module also generates other interface files for use by other codes
or for subsequent calculations by the Solver Module. The Edit Module performs
cross-section and response function edits using the flux files from the Solver Module.

The interface files accepted, used, and generated by the modules are shown in
Table I.



A segmented structure is used in ONEDANT for implementing the modules,
Such a structure involves the use of a main driver toget her with input, solver, and

●
edit segments.

The main program, DRIVER, controls the calling of the primary segments, to-
gether with those service subroutines used by more than one segment.

The first segment constitutes the Input hlodule. It is structured into a driver
routine, INPTIO, plus twelve secondary sections as shown in Table II. Each of the
secondary sections performs a unique function so that the Input Module itself is
constructed in a modular form.

The second segment constitutes the Solver, or calculational, module. It consists
of a driver routine, GRND20, plus seven secondary sections and is depicted in
Table III.

The third segment is the Edit Module. It currently consists of a driver routine,
0UTT30, plus two secondary sections as shown in Table IV.

A fourth segment is used in ONEDANT. 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 storage 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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TABLE I.
Card Image Input and Files Read and Produced by ONEDANT Code Package

O = Optional
A = Always

Kind of File or Input Module Solver Module Edit Module
Information Cards Read produce Read Produce Read Produce

Geomety GEODST o A A o A
Information Card Images o

ISOTXS o
GRUPXS o
IJENDF” o

MACRXS/ADJMAC o A A
MACBCD o 0

(%88 XSLIB o
Sectwns XSLIBE o 0

XSLIBF o 0
BXSLIB o 0
XSLIBB o 0
SNXEDT A o

Card Images o
Material NDXSRFfZNATDN o A A o
Mizing Card Images o

Assignment of ASGMAT o A A o 0
Mat ’18 to Zones Card Images o
Solver Module SOLINP o A A

Input Card Images o
Quadrutuw SNCONS o 0 A
Inhomog. FIXSRC o 0 0
Soun2es Card Images o

Edit Module EDITIT o 0 A
Input Card Images o

RTFLUX/ATFLUX A A o
RAFLUX/AAFLUX o

Other RZFLUX o
output RMFLUX o 0
Files FISSRC o

RZMFLX 06
EDTOUT o
EDTOGX o

d availableonly at Los Alamos
b requiresan RMFLUX file from the Solver
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TABLE IL
Structureof the Input Module.

RQ3ktiu

INPTIO

INPT1l
INPT12
INPT13

INPT14
INPT15
INPT16
INPT17
INPT18
INPT19
INP11O
INP1ll
INP112

E?K@iQa

Input Module Driver; controls the flow of the code by calling
one or more of the secondary submodules below.

Controls code setup and storage allocation
Controls geometry data processing
Controls cross section library processing for XSLIB, MENDF,
XSLIBB, and MACBCD libr=y forms
Controls mixing specification processing
Controls GRUPXS 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
Controlscrosssectionbalancingoperation
Controlsadjoint reversals
ControlsGEODST ille post processing

TABLE III.
,_ Structure of the Solver Module.

- E?L@im

GRND20 Solver Module Driveq controls the flow of the code by calling
one or more of the secondary submodules below.

INPT21 Controls module initializations
INPT22 Controls quadrature selection
INPT23 Controls flux guess and inhomogeneous source processing
GRND24 Controls calculational data preparation
GRND25 Controlsthe outer iterations
0UTT26 Controlsfinal Solver Moduleprinting
0UTT27 Controlsbinary file preparation
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TABLE IV.
Structure of the Edit Module.

RQ3LLim EJu@im

0UTT30 Edit Module Driver; controls the flow of the code by callkg
one or moreof the secondary submodules below.

0UTT31 Controls reaction rate calculations
0UTT32 Controls power normalization, edit zone averaging, and

output file preparation
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C. Input Module

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 in-
clude the reading of input data and the creation of binary interface files. The latter
act ivity 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 stan-
dard interface files (binary), code-dependent binary interface files, or card-images
for its input. These are listed in Table I. 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. Chapters V through XI provide
specific information and further details on the specification of input data.

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 transmitting data to either the Solver or Edit Modules. The files emerging from
the Input Module are given in Table I 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-compat ible 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 mixing of isotopes, or nuclides, to create materials which are subsequently
assigned to physical 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, translates the data and creates the two standard
interface files NDXSRF and ZNATDN as shown in Table I. 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
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the cross sections, and creates the code-dependent binary file named ADJMAC
containing the adjoint-reversed material cross sections for use by Solver.

D. Solver Module

The Solver Module of ONEDANT has the function of effecting numerical so-
lutions of the one-dimensional, multigroup form of the neutral-particle steady-
state Boltzmann transport equation. The discrete-ordinates approximation is used
for treating the angular variation of the particle distribution and the diamond-
difference scheme is used for phase space discretization.”

In solving the transport equation numerically, an iterative procedure is used. This
procedure involves two levels of iteration referred to as inner and outer iterations.
The acceleration of these iterations is of crucial importance to transport codes in
order to reduce the cornput ation time involved. The ONEDANT Solver Module
employs the diffusion synthetic acceleration method developed by Alcouffe,7 an
extremely effective method for accelerating the convergence of the iterations. A
relatively detailed development of the solution method used in the ONEDANT
Solver Module is provided in Chapter III.

The Solver Module is essentially a free-standing entity, and input to and output
from the module is in the form of binary 151estogether with limited printed output.
The binary interface files used as input to the Solver Module are listed in Table I.
The files required for execution of the module area GEODST standard interface file
together with the code-dependent interface files MACRXS or ADJMAC, ASGMAT,
and SOLINP. Optional files, which may be input to the Solver Module, are the
standard interface files SNCONS, RTFLUX or ATFLUX, 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 standard interface file RAFLUX (or AAFLUX, if an adjoint problem
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were run) will be produced. If an inhomogeneous source problem were run, a
FIXSRC standard interface file would be produced. If desired by the user, the
angular flux moments code-dependent interface file RMFLUX would be produced.



E. 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 con-
tained on one or more interface iiles but which generally requires manipulating or
processing of the data. An example of the edit~output- is a-microscopic reaction-
rate distribution, a~, where a 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 example, data from both a cross-section
interface iile 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 I.
Optional input files are the standard interface files NDXSRF and ZNATDN and
the code-dependent files SNXEDT and ASGMAT. The code-dependent files are
produced by the Input Module.
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III. GENERAL DEVELOPMENT OF THE 1-D SN EQUATIONS

e
This chapter provides the development of the one-dimensional, multigroup,

discrete-ordinates, diarnond-differenced form of the time-independent Boltzmann
transport equation. This development is followed by a brief description of the iter-
ative procedure used to solve the transport equation using the diffusion synthetic
acceleration (DSA) scheme to accelerate the

A. Development of the Multigroup,
Transport Equation

.
iterations.

Discrete-Ordinates Form of the

The time-independent inhomogeneous Boltzmann transport equation in one
space dimension is

V .Q$(r, E,Q) + a(r, E)@(r, E,Q)

= H dE’d$2’o~ (r, E’ + E,Q. Q’) ~ (r, E’,Q’)

(1)

+; H dE’df2’x (r, E’ + E) Vof (r, E’) ~ (r, E’,Q’)

+Q(r, E,Q) ,

where @ (r, E, Q) is the particle flux (particle number density times the particle
speed) defied such that @ (r, E, Q) dE d~ dfl is the flux of particles in the energy
range dE about E, in the volume element d~ about r, with directions of motion in
the solid angle element dfl about Q. Similarly, Q (r, E, Q) dE d~ dfl is the rate
at which particles are produced in the same element of phase space from sources
that are independent of the flux ~. The macroscopic total cross section is a, the
macroscopic scat tering transfer probabilityy, from energy E’ to energy E through a
scattering angle Q oQ’, is as, and the macroscopic fission cross section is cf. 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 tkom fissions in dE’ about E’ is ~ (r, E’ + E).

The homogeneous transport equation is the same as Eq. (11) except that Q is zero
and the term representing the fission source is divided by kef~. The inhomogeneous
problem is referred to as a source problem and the homogeneous problem will be
referred to as an eigenvalue problem. ONEDANT will solve both types of problems.
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Fig. 1. Coordinates in plane geometry.

Fig. 2. Coordinates in cylindrical geometry.
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Fig.3. Coordinates in spherical geometry.

III -3



Dependence
Geometry of

Plane @(x,/l)

or

$(Z, p, ~)

Cylindrical #(r, p, q)

Spherical #(r, P)

TABLE V
FORMS OF V ● Q!J

Definition
of Variables

q=(l–~2)1/2 sinq$

p=(l–@2 Cosip

P =i?r” Q
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1. Particular Forms of the Divergence Operator. The form of the di-
vergence operator V . Q~ or (Q” V#) for the geometries treated by ONEDANT is

● given in Table V in terms of the coordinate systems shown in Figs. 1-3.
In the standard plane geometry, the angular flux @(r, 1?,Q) is assumed indepen-

dent of the azimuthal angle # so that the angular dependence is reduced to the p
interval (-1, +1). ONEDANT also permits the two-angle plane geometry option in
which no assumptions of symmetry in angle are imposed. In this case the complete
unit sphere of angular directions must be considered. .

In cylindrical geometry, the angular flux is assumed symmetric in the ~ angular
cosine and also symmetric about the p – ~, (or ~=0°- 180°) plane. Thus, only
one-fourth of the unit sphere need be considered in the angular dependence.

In spherical geometry, the angular flux is assumed symmetric in the azimuthal
angle # so that the angular dependence is reduced to the p interval (-1, +1).

2. Spherical Harmonics Expansion of the Scattering Source. The scat-
tering transfer probability in Eq. (1) is represented by a finite Legendre polynomial
expansion of order ISCT

(rY8 r, E’ +

If this expansion

E,Q’ @ = ‘~ (*).:( r, E’+E)P~(Q’. Q) . (2)

is inserted into Eq. (1) and the addition theorem for spherical
harmonic; used to expand Pfi (Q’ oQ), the scattering source becomes

u dE’dfl’ us (r, J? + E,Q. Q’) @ (r, E’,Q’) G SS

{MJ, 4J [% d#pL (p’) # (r, E’, p’, #)

}
cos K (~ – #’)@(r, E’, p’, #’) ,

(3)

where for cylindrical geometry we must replace the p variable with (. Using the

●
relation cos L (~ – #) = cos L~ cos L# + sin L~ sin L$’, we can write Eq. (3)
as
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. ISCT /

SS=]E, (U31g (
{

2L + I)cj (r, E’ + E) P~(p)q$~ (r, E’)
=

1}+#~L(7-,E’) q%) sin ~+ ,

where we have defined the moments of the angular flux as

(4)

(5a)

In both standard plane and spherical eometries, due to symmetry in the azimuthal
fangle #, the flux moments #$L and #S,L are identically zero. In cylindrical geometry

(with ~, (’ replacing p, p’ in Eqs. (4) and (5)), the odd moments (K+ L=odd) of
@& vanish as do ~1 the sine moments #&. k the two-angle plane geometry all
moments must be retained.

In all cases the scattering source, SS, can be written in the general form

ss=~,‘E’g (2L + l)aj (r,E’ + E) R@& (r, E’) ,
=

(6)

where NM is the total number of spherical harmonics (and flux moments) required
for a given Legendre expansion order, ISCT (as shown in Table VI), the R.(Q) are
the spherical harmonics appropriate to the particular geometry, and the ~n(r, E)
are the angular flux moments corresponding to the R.(Q). The index L in Eq. (6)
is the subscript of the Legendre function PLK appearing in the appropriate Rn(Q),
O < L < ISCT. The R.(Q) are listed in Table VII for typical Legendre expansion
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orders. For each R.(Q) in the table is a corresponding flux moment defined by
Eq. (5a), (5b), or(5c) as appropriate.

3. Spherical Harmonics Expansion of the Inhomogeneous 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 VII. First, the inhomogeneous source moments are defined
for a Legendre expansion order IQAN:

4X [1 “ l’”
QL(r, E) = ~ cZ#Q(r,E, Q) PL(p) , L = 0,..., IQAN , (7a)

L= O,..., IQAN K=l,..., L ,

The inhomogeneous source is represented in the general spherical harmonic ex-
pansion

NMQ

Q(r, E,Q) = ~ (2L+ l)&(Q)Q~(r,E) , (8)
n=l

where NMQ is the total number of spherical harmonics (and source moments)
required for a given Legendre expansion order, IQAN, as shown in Table VI, the
R.(Q) are the spherical harmonics appropriate to the geometry being used, and the

~~(~, E) me the angulm source moments corresponding the the Rn(Q). The index
L is the subscript of the Legendre function P: appearing in the appropriate R.(Q),
O < L < IQAN. The &(Q) are listed in Table VII for typical Legendre expansion
orders. For each of these R.(Q) is a corresponding source moment defined by
Eqs. (7a), (7b), or (7c), as appropriate.

4. Disc ret ization oft he Energy Variable–t he Mult igroup Approxima-
tion. The energy domain of interest is assumed to be partitioned into NGROUP
intervals of width AE~, g = 1,2 ,..., NGROUP. By convention, increasing g rep-
resents decreasing energy. If Eq. (1) is integrated over AE~ using the spherical
harmonic expansion of Eqs. (6) and (8), we get
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TABLE VI
NUMBER OF SPHERICAL HARMONICS, N, AS A

FUNCTION OF LEGENDRE EXPANSION ORDER, LO

N (see below)

LO—

o
1
2
3
4
5

Standard Plane
and Spherical Cylindrical

Geometries Geometry

1 1

2 2
3 4
4 6
5 9
6 12

Two-Angle
Plane

Geometry

1

4
9

10
25
36

{

LO+l for standard plane and spherical geometry

N= (LO + 2)2/4 for cylindrical geometry

(LO + 1)2 for two-angle plane geometry
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TABLE VII
SPHERICAL HARMONICS, & (Q), FOR DIFFERENT GEOMETRIES

FUNCTION OF LEGENDRE EXPANSION ORDER, LO

Standard Plane
and Spherical

Geometries
P:

Cylindrical
Geometry

P:

Two – Angle
Plane

P;

P.(p) P.(p)

P~(/1)

P;(p) cos#

2

3

Pa(p)4

5

P/(p) sin+

6 P5(/4)

7

# P;(f) COS24 # P:(p) .cos2#8

9

10

11

12

13

14

15

16

“pL denotes L:h order Legendre expansion.
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NGROUP NM

V” Q@~(r, Q) + a~(r)@~(r,Q) = ~ ~ (2L + l)~~h+gRn(~)&h(r)

h=l n=l

NGROUP NMQ

+ z h) XAJ”)
h=l

forg=l,2,..., NGROUP. Here

@g(T,Q) = ! T)(T,E,Q)(LE ,
AEg

(9)

(lo)

is no longer a distribution in energy nor an average (in energy), but is the total flux
of particles in the energy interval. Because of this, energy integrals in ONEDANT
are evaluated by simple sums.

To simplify the notation for the following discussion, the right-hand side of Eq. (9)
(the sources due to scattering, fission, and inhomogeneous source) will be denoted
by S~(r,Q). It is recognized that portions of S~ depend on the unknown flux ~~
through the flux moments, but this dependence is treated by iterative procedures
and, accordingly, the simplified represent ation results in no loss of generality. Equa-
tion (9) is thus written, with the group index omitted. ●

v” Q$(r, Q) + ~(~)$(r,Q) = s(r,Q) . (11)

5. Discrete-Ordinates Equations. In the discrete-ordinates approxima-
tion, the angular-direction domain, characterized by Q, is discretized into a set of
quadrature points each with an associated quadrature weight. Although not rig-
orously correct, the discrete-ordinates approximation is commonly referred to as
the SN method, and the number of quadrature directions, MM, is a function of
both the SN order and the geometry, as shown in Table VIII. In discretizing the
angular domain Q, each of the quadrature points, or directions, is characterized
by the subscript m and corresponds to direction Q~. The quadrature weight, w~,
corresponds to the differential area on the unit sphere normalized to unity, i.e., wrn
is analogous to df2m/4~. In such a manner the weights, wrn, are normalized so that
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The angular flux for direction m at space point r is denoted ~~(~) and represents

the average angular flux in directions d$2mabout Q~ at space point r. The scalar
flux at space point r, #O(r) = &(r), is simply

fh(~)= y %nth?l(r) . (13)
m= 1

a. Standard Plane Geometry. For standard plane geometry (see Table V
and Fig. 1) azimuthal symmetry is assumed in # so that Q(p, +) becomes Q(p) and
dQ becomes 2xdp. The angular interval pe [-1,1] is discretized into MM quadrature
points ~m and associated weights Wm ordered as shown in Fig, 4. Note that the
weights, Wm, correspond to dpm/2 for this geometry. The angular flux moments,
given by Eq. (5a), are approximated by

MM

N

2

4

6

8

12

16

N

TABLE VIII
NUMBER OF QUADRATURE POINTS, MM, AS A

FUNCTION OF SN ORDER, N

MM

Standard
Plane Geometry

Two-Angle
Plane Geometry

Cylindrical
Geometry

2

4

6

8

12

16

N

8

24

48

80

168

288

N.(N+2)

2

6

12

20

42

Spherical
Geometry

2

4

6

8

12

16

N
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~ Starting dlroctien

\ 2 3 I 4 5 6 I 9
u

-1 0 +-1 -

Fig. 4. Ordering of se directions in plane and spherical ge-
ometries. The starting direction only applies to spher-
ical geometry.

Fig. 5. Ordering of SC directions in cyhndricd geometry.
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Fig. 6. Ordering of S4 directions in two-angle plane geometry. The ordinates
in the octant p,< <0, q >0 are not shown.

● The discret~ordinates approximation to the transport Eq. (11) becomes

Z&(z)
— + f7(z)&I(z) = Sin(z).Pm ~z (15)

b. Two-Angle Plane Geometry. For two-angle plane geometry the entire
unit sphere of directions is discretized into MM quadrature points (Pm, #m) and
associated weights ordered as shown in Fig. 6. The weights, Wm, correspond to
dOm/4~ for this option. The angular flux moments, given by Eqs. (5a)-(5c), are
approximated by

MM

4L(Z)=~ wm~L (Pm) ?Jm(z) ,
m=l

(16a)

(16b)
ma 1
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MM

&(x) = ~ ~mh(.)~f(ptn).~. Khn , (16c)
m=l

The discrete-ordinates approximation to the transport equation is the same as for ~ ●
standard plane geometry, i.e.., Eq. (15).

c. Cylindrical Geometry. For cylindrical geometry (see Table V and Fig. 2),
the muhigroup transport Eq. (11) may be written

(17)

For the discrete-ordinates approximation in cylindrical geometry, only one quad-
rant of the unit sphere is discretized into a set of MM quadrature points (pm, qm)
and associated quadrature weights Wm. The ordering of these quadrature points
is illustrated in Fig. 5 for an SGquadrature. As before, ~m(r)=$ (r, pm, qm) rep-
resents the average angular flux in dflm about Q~ and the angular flux moments
for direction m are given by Eqs. (16a) -(16b). In addition, it is necessary to de-
ilne angular-cell-edge fluxes on a given ~-level as #m_lJz(r) and ~~+liz(r). The
discrete-ordinates approximation to Eq. (17) can then be written:

(18)

where the ~m–l/z and ~rn+l/2 are angular coupling coefficients. These coefficients
satisfy the recursion relation

am+l/2 — am-1/2 = ‘wmPm Y (19)

with the requirement that the fist (al/2) and last (O!M+l/z) coefficients on each
~-level must vanish. It can be shown that Eq. (18) becomes identical to Eq. (17)
in the limit of vanishingly small angular intervals. In the output of ONEDANT

pertaining to the angular quadrature, the quantities
(=) and (=) “e

printed out under the headings BETA PLUS and BETA MINUS, respectively.

d. Spherical Geometry. From Table V the multigroup transport Eq. (1) can
be written
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(20)

where azimuthal symmetry in @ (see Fig. 3) has been assumed, The angular domain
pe[–1, 1] is discretized into MM quadrature points gm and associated weights wm.
Note that in spherical geometry, like standard plane geometry, the Wm correspond
to dpm/2. The ordering of the quadrature points is illustrated in Fig. 4. As before,
4~(r)~# (r, pm) represents the average angular flux in dfh (= dp~) about Q~
and the angular flux moments, given by Eq. (5a), are approximated by Eq. (4), In
addition, it is necessary to define angular-cell-edge fluxes @~–1i2(r) and @~+l/2(r).
The discrete-ordinates approximation to Eq. (20) is then written as

3 (r2*m)
+ ‘m+l’2 %+1/2(r)Pm

i% [( )Wm -(%’2)@m-’/4r(2,,
+r20#m(r) = r2Sm(r) ,

where the anwlar coupling coefficients @ must satisfy the recursion relation

Pm+l/2 – Pm-1/2 = ‘zwmPm 9 m =1,..., ~Jf , (q

● with the requirement from particle conservation that the first (~1/2) and last

(~Af&f+l,z) coefficients must vanish. It can be showna that Eq. (21) becomes iden-
tical to Eq. (20) in the limit of vanishingly small angular intervals. In the output

of ONEDANT pertaining to the angular quadrature, the quantities
(*) ‘d

(w
. .

2 w. are printed out under the headings BETA PLUS and BETA MINUS,

respect ively.

e. Starting Directions. For the curved geometries discrete-ordinates Eqs. (18)
and (21 ), there are three variables to be determined at each space position, r:
the angular-cell-edge fluxes ~m_l z(r) and #m+112(r) and the average angular flux
@m(r). The @m_l/2(r) flux can i e assumed known (except for @1f2(r)) from the
previous angular mesh-cell computation and assuming continuity at the angular
mesh-cell boundaries. The standard diamond-differenceg assumption in angle is
made to relate the @~+1i2 to @~, namely,

*m(r) = ~ [*m-1/2(r)+ @m+l/2(r)].

Using Eq. (23) to solve for @m+1J2 and substituting the resulting expression

●
Eq. (18) or (21), there remains but one equation for the one unknown $m(r).

III
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The assumption that +~-lf~ is known is correct except for m = 1 for which
an initial, or starting, condition is required. To achieve this, ONED.4NT uses
special, zero-weighted starting directions in spherical and cylindrical geometries to
calculate +llz(r). For spherical geometry this starting direction is the straight-

-1 for which the term (1 – p2) @ in Eq. (20) vanishes. This
●

inward direction p =
yields a special form of Eq. (21) which can be solved for @lJ2(r). For cylindrical
geometry, as shown in Fig. 5, starting directions corresponding to ordinates directed
towards the cylindrical axis, q = O,@ = 180°, are used for each ~-level to yield
special equations for @l/z(r) on each C-level.

6. Discretization of the Spatial Variable. The spatial domain of the prob-
lem is ultimately partitioned into IT fine-mesh intervals of width Axi, i = 1,2,...,
IT such that Axi - ~i+l/2 —~i_l/2. Subscripts with half-integer values denote inter-
val boundaries, and integer subscripts denote interval average, or midpoint, values.
It is assumed that xi+l/2 > xi > ~i-1/2. With such a partitioning, space deriva-
tives are approximated by finite differences and, typicalIy, the resulting equations
are cast in forms using interval, or mesh, average flwxes, sources, etc.

Thus, for group g, direction m, and mesh interval i,

(24)

and the mesh interval average (midpoint ) angular flux is related to the mesh edge
angular fluxes by the diamond-difference expression

●
.

~m,i,9 = $ [@m,i+l/2,g + 4’m,i-l/2,g] .

Note that the average scalar flux for group g in mesh interval i is
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B. Iteration Procedure

● In solving the transport equation numerically, an iterative procedure is used. This
procedure involves two levels of iteration referred to as inner and outer iterations.
The acceleration of these iterations is of crucial importance to transport codes in
order to reduce the computation time involved. The ONEDANT Solver Module
employs the diffusion synthetic acceleration method developed by AlcouRe,7 an
extremely effective method for accelerating the convergence of the iterations.

To display the iterative procedure and the application of the diffusion synthetic
acceleration method, consider first the inner iteration equation for energy group g
and inner iteration L Isotropic scatter is assumed only for simplicity. The basic
inner iteration equation is written

Q ● V?: (r,Q) + ~Jr)?f (r,Q) = ~.,g-Jr)4$1(r) + QQg(~) . (27)

In Eq. (27), 4: (r,fl) is the angular flux for group g at the@ inner iteration us-
ing a scalar flux +~-1(r) assumed lcnown at each inner iteration. QQ~ is the group
source which remains unchanged for the group throughout the performance of inner
iterations. This group source contains scat tering 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 difision equation is used to determine the
scalar flux #~ needed for the next iteration. In actual fact, there are three separate
schemes for writing the corrected dlffiion equation to be used: the source correc-
tion scheme, the diffiion coefficient correction scheme, and the removal correction
scheme. For the source correction scheme we write the corrected diffision equation
as

where

and the correction term is

(Qg)
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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 proce~ds as follows: using
~~, known from the previous iteration, Eq. (27) is solved for ~~. !l’hk involves one

sweep through the space-angle mesh. The correction term, l?;, is then calculated

using Eqs. (29) and (30) and, in turn, used in Eq. (28) to calculate ~~ to complete
one cycle or one inner iteration. The steps are repeated until suitable convergence
is achieved. Note that for the first inner iteration for a group, a logical first guess
for the scalar flux is obtained by solving Eq. (28) with 1 = Oby setting l?~ to zero.

It is easy to show that if the iteration converges, it converges to the transport
equation solution. Namely, drop all 4 s~perscripts and set the transport scalar flux
to the corrected diffusion scalsr flux, ~~ = +~. Then substituting Eq. (29) into
Eq. (30) yields

which is the converged transport. balance equation obtained also by integrating
Eq. (27) over all Q.

The second level of iteration, the outer iteration, consists of one pass through
the gToups using Eqs. (27), (28), and (30) to obtain the group converged correction
terms l?~(r) and then to solve the multigroup corrected diffusion equation to gen-
erate new scalar fluxes consistent with a new fission source, if fission occurs in the
problem. That is, the following multigroup diffusion equation is solved following
the J# outer iteration:

– V. Dg(r)Vr#+l(r) + a~,g(r)@~+l(r) = Qg(r) – R;(r)

G

+ Xg ~ Vaf,g/(r)#l(r) + ~ a~,gt+g(r) #~~l(r)

g~=l 9’#9

(31)

The source correction scheme outlined above for using the diffusion synthetic
met hod is an effective scheme for inhomogeneous source problems. For eigenvalue
problems, Eq. (31) must be homogeneous, and it is necessary to define a differ-
ent scheme for the diffusion synthetic method. The diffusion coefficient correction
scheme is one such scheme. In this scheme we redefine the corrected diffusion
coefficient l?g(r) a9

III -18



q,) = -;;4:, ,= (32)

●
so that ll~(r) = O for all r and g. Then with Q~(r) = O, the inner iteration
diffusion equation becomes

(33)

and the multigroup (outer iteration) diffusion equation becomes

+ ~ %,gLg(?’) +;w) ,
9’#9

where ?+jf 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 ac-
celerate the iterations as readily as the source correction scheme for inhomoge-
neous source problems. In fact in ON EDANT, the diffusion coefficient correction
scheme is used for inhomogeneous source problems in which fission and/or upscatter
is present with the source correction scheme used only for inhomogeneous source
problems with downscatter and no fission.

One disadvantage to the diffusion coefficient correction scheme is that infinite and
negative diffision coefficients are possible (see Eq. (32)). If this occurs, Eq. (33)
cannot he solved using current techniques. To overcome this difficulty, the removal
correction scheme is employed. A corrected removal cross section is defined as

(35)

where R~(r) is defied by Eq. (29). ‘With this, the diffusion synthetic method is
modified and Eq. (28) becomes

–V” Dg(r)V#~(r) + fi~:~(r) = QQ9(T)
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and Eq. (31) becomes

– v oDg(r)v#+l(r) + tijjl(?’)d;+l(r)

(36)

The iteration procedure is entirely analogous to that for the diffusion coefficient
correction scheme and again, if it converges, it converges to the transport bal-
ance equation solution. This removal correction scheme is employed in eigenvalue
problems or source problems with fission and/or upscatter only when the diffusion
coefficient correct ion scheme produces negative or infinite dMusion coefficients.
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IV. CARD-IMAGE INPUT FORMAT RULES

This chapter describes the various rules; restrictions, and options available to
the user when creating the input for ONEDANT. First are described the details
associated with free-field input since most users will likely select this form. Next is
presented the information needed for user-specified input forms followed by infor-
mation for fixed-field FIDO input.

Throughout this document 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 cent aining 80 columns into which ASCII characters may be written one
per column.

A. FYee-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 (/), 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.— —
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(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.

(b) Must not contain any nonnumeric characters except for E (for exponent),
decimal point, or plus and minus signs.

4. Hollerith Data Item Ground Rules

(a) Must begin with alphabetic character [see (c) below for exception] and
may cent ain from one to eight characters.

(b) Must not contain any of the following characters: =,$,*, blank, comma,
slash, semicolon, double quote (“). [See (c) below for exception.]

(c) Hollerith data words maybe delimited with double quotes to override (a)
and (b) restrictions. For example, PU/239 is not allowed, but “ PU/239°
is allowed.

5. Array Identification and Ordering

(a) To identify an array for which data entries are to be made, one simply en-
ters 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, 0.100.050.0.

(b) Within a given Block, arrays maybe entered in any order.

6. Block Identification and Ordering

(a) No explicit Block identification is required. Array identification is suf-
ficient 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 operators are FIDO operators, but several are new and
represent extensions to FIDO.

IMPORTANT NOTE: The following data operators can only be used with arrays
containing integer, real, or a combination of integer/real data entries. They are
NOT usable with arrays that may contain Hollerith data items.

In free-field the data operators are specified in the general form
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nOd

o where

n is the “data numerator~ an integer, or blank;

0 is any one of several “data operators” described in Table IX; and

d is a “data entry” (may be blank for some operators).

NOTE: When a “data numerator” is required with a “data operator,” there must
be no space between the data numerator and the data operator. There maybe any
number of blanks between the data operator and the “data entry” if the latter is
required.

In entering data using data operators, it is convenient to think of an index or
pointer that is under the control of the user and which specifies the position in the
data string into which the next data item is to go. The pointer is always positioned
at string location number 1 when either an array identifier or a string terminator
(;) is entered.

B. User-Specified Input Formats

If de&ed, 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 Operator:

(1)

(2)

(3)

Enter the array identification and follow this with a delimited U.

On the next card-image enter the desired format enclosed in parentheses
anywhere in columns 1-72.

On the next and succeeding cards enter the data using ordinary FOR-
TRAN rules.

Example: CHI= U

(6E12.5)

data in 6E12.5 format

V Operator:

Has same effect as U except the desired format is not entered; instead
the format read in the last preceding U array is user
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In the table below anentry of- for either the data numerator or data entry
indicates that the item is not required for the particular data operator.

TABLE IX ●
FREE-FIELD DATA OPERATORS

Data Data Date
Numerator Operator Entry Remarks

n

n R

I

n

—

n

n

n

L

F

z

s

A

d

d

d

d

—

REPEAT OPTION: Enter the data entry d n
successive times in the current data string.
Example: 3R 0.0 + 0.00.00.0

LINEAR INTERPOLATE OPTION: Enter the value
d into the data string followed by n interpolated
entries equally spaced between d and the next
data entry. Allowed for both real and——
integer data although the spacing between interpolat-
ed integer datapoints must be integer.
Example: 311, 5 + 12345 but 311, 4 will cause an
error if the array data type is integer.

LOGARITHMIC INTERPOLATE OPTION: The
effect is the same as that of “1” except that the result-
ing interpolates are equally separated in log-space.

FILL OPTION: Fill the remainder of the data string
with the value d.

ZERO OPTION: Enter the value zero in the data
string n successive times. Example: 4Z + O 000

SKIP OPTION: Causes the pointer to skip n positions
in the current string leaving the data values in those
positions unchanged.

POSITIONING OPTION: Set the pointer in the current
data string to the n‘~ data item position in that string.
Example: Suppose the array SOURCX is to be a single
string of length 100, all values of which are 0.0 except
the 15t~ value which is to be unity. This can be
entered simply as SOURCX= 100Z 15A 1.0
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●
TABLE IX (Continued)

FREEFIELD DATA OPERATORS

Data Data Date
Numerator Operator Entry Remarks

n

n

n

n

n

n Q

G

N

M

Y

x

n

E

c

m

m

m

m

m

d

SEQUENCE REPEAT OPTION 1: Enter the last
m data entries into the current string in sequence n
successive times. Example: 1 23 1 23 1 23 can
be input at 123 2Q3.

SEQUENCE REPEAT OPTION 2: Same effect as
“Q” except the sign of each entry in the sequence is
reversed each time the sequence is repeated.
Example: 12-1-2 12 can be input as 12 2G2.

SEQUENCE REPEAT OPTION 3: Same effect as
“Q” except the order of the sequence is reversed each
time the sequence is entered. For example,
456654456 can beinputas 456 2N3.

SEQUENCE REPEAT OPTION 4: Same effect as
“N” except the sign of each entry in the sequence is
reversed each time the sequence is entered. Example:
123-3 -2-l 123canbeinputas12 32M3.

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 count 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.)

END OF STRING OPTION: Causes pointer to skip
to the end of the current data string leaving values
of skipped data items unchanged.

SEQUENCE MULTIPLY OPTION: Enter the last
n data entries, multiplied by d, into the current
data string.
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C. Fixed-Field FIDO Input

1. Card-Image Ground Rules

(a)

(b)

(c)

Seventy-two (72) columns available.

Each card divided into six “fields” of 12 columns each.

Each 12-column “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.

Card Terminator: Slash (/) in second subfield with first subfield blank.
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 ●
subfield 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 iterns entered in third subfield (the data subfield) in each field only.

4. Hollerith Data Item Ground Rules

Hollerith data not allowed.

5. Array Identification and Ordering

(a) To identif an array for which data are to be entered in the fixed-
Jfield FIDO ormat, one simply enters the array number (integer, <99) in

the first subfield of any field followed by the array-type indicator (array
purpose character) in the second subfield. If the array data is integer
(fixed point), the array-type indicator is the dollar sign ($); if the array
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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 FIDO data operators are the same
operators used in the free-field input shown in Table IX. In fixed-field FIDO usage
of these operators, however, the following rules must be observed:

(i) the “data numerator, “ if required, must be entered in the first subfield
of a field;

(ii) the “data operator” must be entered in the second subfield of a field;
and

(iii) the “data entry,” if required, must be entered in the third subfield of a
field.
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V. ONEDANT CODE PACKAGE INPUT SPECIFICATIONS

Card-image input to the ONEDANT code package consists of (i) Title Card
Control Input (always required) and subsequent TitIe Cards, and (ii) up to six
BLOCKS of input data with each BLOCK pertaining to a specific class of input,

This chapter contains a brief overview of the specification of input followed by
a Mini-Specification Sheet to be used as a quick reference for the input BLOCKS
and their cent ained data arrays. The third section provides a relatively detailed
description of the input specifications.
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A. Overview of the Specification of Input

I

The ONEDANT card-image input consists of a Title Card section followed by
six blocks of input. The blocks are: ●
Block Name Purpose

II. Geometry

III. Cross Sections

Iv. Mixing

I. Controls & Dimensions Provides basic parameters associated with the
physical problem model for purposes of data
storage requirements. Also provides special
code execution controls.

Provides a description of the physical problem
model geometry.

Provides the input Isotopic microscopic cross
sect ions.

v. Solver Input

VI. Edits

Provides mixing instructions for forming macro-
scopic Material cross sections from the input
Isotopic microscopic cross sections, and provides
instructions for assigning the macroscopic
Materials to the Zones of the physical problem
model.

Provides input specifications and data for the
particular calculation to be effected by the
one-dimensional, mult igroup, dlscret e-
ordinates, diffusion synthetic accelerated
Solver Module.

Provides information that allows editing of
the fluxes output by the Solver Module and
that causes subsequent edit calculations using
those fluxes, together with cross sections,
response functions, etc., to be performed.

BLOCKS MUST APPEAR IN THE INPUT STREAM IN THE ABOVE ORDER ! !
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The Title Card section and BLOCK I input are always required in every run;
the remaining blocks are required only as necessary for the particular run desired.
For example, the input associated with BLOCK II (Geometry) may be omitted if

● the geometry specifications are being supplied from a previously created GEODST
standard interface file.

BLOCKS II, III, and IV are all directly associated with the INPUT module
of ONEDANT. BLOCK V is associated solely with the SOLVER module, which
effects the solution of the multigroup, discrete-ordinates, one-dimensional, steady-
state, diffusion synthetic accelerated transport equation. BLOCK VI is associated
uniquely with the EDIT module of ONEDANT.

BLOCKS consist of one or more ARRAYS and a BLOCK TERMINATOR, the
character “T.” Each block is identified solely by the arrays comprising the block
so that the presence of one or more of these arrays in the input establishes the
existence of that block of input. Arrays may be entered in any order within a given
block. Blocks, however, must appear in ascending numerical order. If a block is
to be omitted, everything associated with that block including the terminal T, is
omitted.

ARRAYS are comprised of one or more DATA STRINGS, each of which con-
tains one or more DATA ITEMS. The majority of the ONEDANT input arrays
contain only a single string and can be thought of as one-dimensional arrays or
vectors. The term STRINGED ARRAY refers to any array cent aining more than
one string of data, that is, a multidimensional array. Arrays are identified by either
a unique array Hollerith name (up to six characters) or an array number. Input to
a given array is terrninated by either (i) the appearance of a new array name or
number, or (ii) the appearance of the block terminator, T, in the input stream.

In STRINGED ARRAYS, data strings are delimited by the special STRING
DELIMITER, the semicolon (;).

Data items are separated (delimited) by either (i) a blank, (ii) a comma, or
(iii) the end of a “card.” A data item is terminated by any of the separators above
or by the semicolon, sn array name (or number), a block terminator, T, or the
slash, /.

Card-image input to ONEDANT is processed by a very flexible input routine
that supports a variety of input forms. One of the forms is the FIDO input form used
in numerous existing codes. Users who are familiar with this form may thus readily
produce input for ONEDANT without having to learn a new input form. Available
also is a free-field capability particularly useful for input via remet e terminals.
Associated with the free-field feature is the extension of the FIDO-like options to
include both Hollerith and mixed data-type input. With this capability it is possible
to supply input containing real, integer, and Hollerith data in the same string.

For each array there is associated both a Hollerith name (up to six alphanu-
meric characters) and a number. Either name or number uniquely identifies the
array for which input is to be supplied. To distinguish the array name or number
from subsequent data items, there is appended to the name or number an array
identifier. For free-field input the array identifier suggested is the equal sign (=).
This character can be used for any data-type input, real, integer, Hollerith, or any
combination, so long as the data is entered in free-field format. If the array’s data
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is entirely integer data and is to be entered in fixed-field FIDO format, the array
identifier for that array is the dollar ($) si~, for a real data array input in fixed-
field FIDO format, the asterisk (*) array identifier character is to be used. As an
example, consider the input for specifying the coarse-spat ial-mesh boundaries. In
ONEDANT the array name for this input is XMESH, a BLOCK II array. If the @

desired mesh boundaries are to be at 0.0, 10.0, 20.0, and 30.0 cm, the data could
be entered as:

XMESH= O, 10, 20, 30.

Options are available to repeat data items, to produce numbers interpolated
between two numeric data items, and to perform other more sophisticated opera-
tions designed to reduce the volume of input. The interpolate option, for example,
can be used in the preceding XMESH example input where two equally spaced in-
terpolation points can be placed between the entries 0.0 and 30.0. Thus, the above
example can be input as:

XMESH= 21 0, 30,

where the data operator I denotes interpolation. Another example of a commonly
used operation is the repeat option. Suppose that in the array named LBEDO one
wishes to enter the value 0.7 twelve successive times. This can be accomplished by
entering

LBEDO= 12R 0.7,

where the data operator R denotes repeated entry.
The full list of available operations is described in Chapter IV.
One additional option for the user available in ONEDANT involves the in-

putting of data to certain arrays whose data members are a collection of single-
word, independent control parameters. For these arrays the user can either input
the collective array name followed by the data entries for the control parameters
comprising that particular collective array in proper order, or the user can input
the individual array members by their unique member names individually. As an
example, the collective array named SOLIN in BLOCK V cent ains the 5 control
parameters IEVT, ISCT, ITH, IBL, and IBR. Suppose that IEVT=2, ISCT=3,
ITH=l, IBL=l, IBR=O. Input can be provided as either

SOLIN=23, 1, 1,0 (using collective array name, SOLIN)

or

IEVT= 2, IBR= O, IBL= 1, ISCT= 3, ITH= 1.

In the input specifications that follow, when the contents of an array have listed
named members, input may be effected using either the collective array name or
the individual member names.
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B. ONEDANT INPUT: Mini-Specification Sheet

Comments:

●

●

●

Collective arrays, for example, DIMENS in BLOCK I, may be specified in the
input by either using the collective array name, followed by =, followed by the
requisite number of ordered dat a entries, or by using the names of the individual
data members, each followed by = and t~e data value, for example, IGEOM=
1, NGROUP= 42.

Entries within brackets, [ ], indicate the number of entries in the array. If the
entry is of the form [I;J], then the array consists of J strings of data each of
which contains I data words. [–] means that the number of entries is arbitrary.

For those arrays amenable to fixed-field FIDO input, the appropriate array
number and FIDO array-type indicator is shown in parentheses below the array
name.

v-5



c-
(if~ NHEAD > O)

BLOCK I : CONTROLS and DIIUENS,

DIMENS [8] ~ IGEOM
NGROUP
ISN
NISO
MT
NZONE
IM
IT

MAXLCM [1]
MAXSCM [1]

NOEXEC [3] = NOFGEN
NOSOLV
NOEDIT

NOFILE [q ~ NOGEOD
NOMIX
NOASG
NOMACR
NOSLNP
NOEDTT
NOADJM

m

I
XMESH ~M + 1]

XINTS UMI

ZONES ~M]

T

BLOCA III: CROSS SECTION~
.

LIB [1]

LNG [1]

BALXS [1]

NTICHI [1]

CHIVEC ~GROUP]

WRITMXS [1]

Followingarraysusedonly if
LIB= anXSLIB-formattedfile

CARDS

NAMES
EDNAME
NTPI
VEL
EBOUND

r

[9] ~ MAXORD
IHM
IHT
IHS
IFIDO
ITITL
12LP1
SAVBXS
KWIKRD

~ISO]
~HT-3]
~ISO]
~GROUP]
~GROUP+lJ

UTLIB=ODNINP,theninsertthe
ASCIIcard-imagecrosssections
here.
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BLOCK Iv: MIXING

PREMIX [-;-1

MATLS [-;MT]

ASSIGN [-;NZONE]

ASGMOD [-;-1

CMOD [1]

MATNAM NT]

ZONNAM ~ZONE]

MATSPEC [-]

ATWT [-1
m’+

BLOCKv . SOLVER INPUZ.

30LIN [5] g IEVT
ISCT
ITH
IBL
IBR

ITER [6] ~ EPSI
EPSO
IITL
IITM
OITM
ITLIM

TRCOR [1]

MISC [7] g BHGT
BWTH
NORM
INFLUX
INSORS
IQUAD
12ANG

.................... continued.....................

.............. SOLVERINPUTcont. ...............

OLOUT [8]

tMFLUX

2HI

)EN

NGT

Mu

LBEDO

RBEDO

30URCE

30URCX

!lOURCF

SILEFT

SALEFT

SIRITE

SARITE

SEARCH

[1]

[NGROUP;M]

UT]

[MM]

[MM]

[NGROUP]

[NGROUP]

[NGROUP]

~T;N]

~T;M]

[NGROUP]

[K;NGROUP]

[NGROUP]

[K;NGROUP]

[8]

~ FLUXP
XSECTP
FISSRP
SOURCP
GEOMP
ANGP
RAFLUX
BALP

~ IPVT
Pv
EV
EVM
XLAL
XLAH
XLAX
POD

-.



Auiwu~~ v 1 nu~

PTED [1]

ZNED [1]

pOINTS [<IT]

EDZONE UT]

ICOLL mBG] ,NBG< NGROUP

IGRPED [1]

BYVOLP [1]

AJED [1]

POWER [1]

MEVPER [1]

EDOUTF [1]

RZFLUX [1]

RZMFLX [1]

EDXS [<NEDT]

RESDNT [1]

EDISOS [<NISO]

EDCONS ~NISO]

EDMATS EMT]

RSFNAM ~] ,M arbitrary

RSFE [NGROUP;M]

RSFX ~T;M]

XDF m

MICSUM [-]

I~uMs [-1

T
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C. Input Specifications

CARD 1: TITLE CARD CONTROL
{Always Required}

Format 316

Variable

Word Name Comments

1 NHEAD Number of title (header) cards to follow,

2 NOTTY Selected output to on-line user terminal? O/l=Yes/No
(Default=())

3 NOLIST Listing of all card-image input with the output?
O/l=Yes/No (Default=())

CARDS 2 Through NHEAD+l: TITLE CARDS
{Required if NHEAD > 0}

Format 12A6

NHEAD Title Cards containing descriptive comments about the ONEDANT run.
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BLOCK I: CONTROLS AND DIMENSIONS
{Always Required} ●

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name ~Comments

{Present if}

DIMENS –

{Always}

MAXSCM
{Opt~onal}

MAXLCM
{Opt;onal}

Note: The following

[8] . . .

1

2

3

4

5

6

7

8

. . .

IGEOM

Basic parameters for determining
storage

Sets geometry desired. Enter one of the
following integers or Hollerith names:
1 or PLANEor SLABor SLAB2ANG(plane
or slab geometry), If SLAB2ANGis
specified, the problem will be run as a
2-angle plane calculation and the BLOCKV
parameter 12ANGneed not be entered.
2 or CYLINDERor CYL (cylindrical geometry)
3 or SPHEREor SPH (spherical geometry)

NGROUPNumber of energy groups

ISN

NISO

MT

NZONE

IM

IT

[1] ... ...

[1] . . . . . .

SN Angular quadrature order
(even number)

Number of isotopes on basic input ‘
cross-section library

Number of materials to be created

Number of geometric zones in problem
(each neutronically homogeneous)

Number of coarse spatial mesh intervals

Total number of fine spatial mesh
intervals

Note: A positive integer must be
entered for each of the above

Length of small (fast) core memory
(SCM) desired (Default=4000010)

Length of large core memory (LCM)
desired (Default= 14000010)

BLOCK I arrays provide specialized options for the more advanced
user (See Chapter XIII).
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BLOCK I: CONTROLS AND DIMENSIONS (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name

{Present if}

NOEXEC - [3] . . . . . .

{Optional} 1 NOFGEN

2 NOSOLV

3 NOEDIT

NOFILE - [7] . . . . . .

{Optional} 1 NOGEOD

2 NOMIX

3 NOASG

4 NOMACR

5 NOSLNP

Comments

Execution suppression flags,

Suppress any further execution of
the INPUTModule, i.e., generate no
files (all desired files exist): —
O/I=No/Yes (Default=O)

Suppress execution of SOLVER
Module: O/l=No/Yes (Default=O)

Suppress execution of EDIT
Module: O/ I=No/Yes (Default=O)

Interface file suppression flags.

Suppress the generation of a
GEODSTfile even though BLOCKII
card input is present. O/I= No/Yes
(Default=O)

Suppress the generation of the
NDXSRFand ZNATDNstandard
interface files even though mixing
specification input exists:
O/l=No/Yes (Default=O)

Suppress the generation of the
ASGMATcode-dependent interface tie
even though BLOCKIV material-
to-zone assignment input exists:
O/l=No/Yes (Default=O)

Suppress the generation of the
MACRXS and SNXEDTcode-dependent
interface files even though cross-
section and mixing specification input
exists: O/l= No/Yes (Default=O)

Suppress the generation of the
SOLINPcode-dependent interface
files even though BLOCKV input
exists: O/l=No/Yes (Default=O)
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BLOCK I:

Array Specification

Name Number ILendhl

CONTROLS AND DIMENSIONS (Continued)’

Array Contents and Descriptive Comments ●
Word Name Comments.-.

6 NOEDTT

7 NOADJM

suppress the generation of the EDITIT
code-dependent interface files even
though BLOCK~ input exists:
O/l=No/Yes (Default=O)

Suppress the generation of the ADJNMC—
code-dependent interface files even
though an adjoint calculation is called for:
O/ I= No/Yes (Default=O)
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BLOCK II: GEOMETRY
{ Required} unless existing GEODST file is to be used

Array Specification

Name Number [Length]

{Present if}

XMESH [IM+l]
{A~;ys)

XINTS 4$, [IM]
{Always}

ZONES 7$, [IM]
{Always}

Array Contents and Descriptive Comments

Word Name.—

. . . . . .

. . . . . .

. . . . . .

Comments

Coarse spatial mesh interval
boundaries.

Number of equally spaced fine-mesh
intervals in each coarse-mesh
interval

NOTE: ‘fl X1lVTS(l) = IT
1=1

Zone number for each coarse-mesh
interval (The number O (zero) may
be used to specify that a coarse-
mesh interval is a pure void.
A “O” does not count as a zone.)
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BLOCK III: CROSS SECTIONS
{Normally Required}

●
Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name

{Present if}

LIB [1] . . . . . .
{Al~ays}

GRUPXS

ISOTXS

ODNINP

XSLIB

BXSLIB

XSLIBB

MACRXS

MACBCD

MENDF

Comments

Source of cross-section data. Enter
one of the following Hollerith names:

Group-ordered standard interface file.

Isotope-ordered standard interface file,

Card-image ASCII library supplied im-
mediately following this BLOCKIII.

Card-image ASCII library supplied as a
separate iile named XSLIB.

Binary library supplied as a separate
file named BXSLIB.

ASCIIform of BXSLIBfile.

Use existing files named MACRXSfor
for SOLVERModule, SNXEDTfor
EDIT Module. Under this option,
unless otherwise specified in BLOCK1, ●
any PREMIX and MATLSinput in
BLOCKIV will be ignored.

ASCIIformof MACRXSfile.

A Los Alamos multigroup library
based on ENDFdata. The code will
search the user’s local file space for
a file named MENDF.If no such file
is found, it will use the public file
named MENDF5. MENDF5contains
30-group P4 cross sections for 99
isotopes. This option only available
Los Alamos mainframe computers.

on
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BLOCK III: CROSS SECTIONS (continued)
{Normally Required}

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

LNG [1]
{Opt;onal}

BALXS [1]
{Opt;onal}

NTICHI – [1]

MENDFG

OTHER

. . . . . .

. . . . . .

. . . . . .

CHIVEC – [NGROUP] . . . . . .

A Los Alamos multigroup gamma-only
library. The code will search the user’s
local file space for a file named llENDFG.
If no such file is found, it will use the
public file named MENDFSG.MENDF5G
contains 12 group, PA gamma-only
cross sections for 99 isotopes. This
opt ion only available on Los Alamos
mainframe computers.

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

Number of the last neutron group in a
coupled neutron-photon library. If LNG=O,a
gamma-only calculation will be performed.
LNG=Omust be used for gamma-only
calculations.

-I=balance cross sections by adjusting
absorption cross section.
O=do not balance (default)
l=balance cross sections by adjusting self-

scat ter cross section.

MENDFfission fraction to use for the
problem. l/2/3 =Pu239/U235/U238
{Default=U235}. Maybe overridden by
CHIVECinput (see below) or by zone-
dependent CHI input in Biock V.

Fission fraction born into each
energy group. Zone dependent CHI
input in BLOCKV will override
this input,
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BLOCK III: CROSS SECTIONS (continued)
{Normally Required}

Array Specification Array Contents and ,Descriptive Comments ●
Name Number [Length] Word Name Comments

{Present if}
WRITMXS – [1] . . . . . . Controls the code’s preparing and writing

{Optional} certain ASCII cross section files. Enter
one of the following Hollerith names:

MACBCD Creates the cross-section file named MACBCD,
an ASCII image of the MACRXSbinary file.

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

XSLIBE Creates the cross-section file named XSLIBE,
an ASCIIXSLIBfile derived from,
and corresponding to, the MACRXSbinary
file. XSLIBEis in Los Alamos 6E12 format
(IFIDO=O).

XSLIBF creates the cross-section file named XSLIBF,
an ASCIIXSLIBfile derived horn,
and corresponding to, the MACRXSbinary
fle. XSLIBFis in FIDOfixed-field format.
(IFIDO=I). Available only at Los Ala.mos. ●

Note: The remaining arrays in Block III are used only if the source of the cross-
section data is ODNINPor XSLIB. Exception If ISOTXSor GRUPXScent ain a non-
standard treatment of the 2L+1 term in the scattering, see the 12LP1 input below.

CARDS [9] . . . . . . Basic parameters for card-image ODNINP
{Req&ed} or XSLIB-formatted cross-section libraries.

(Refer to Chapter VIII for details.)

1 MAXORD Highest Legendre order in scattering

2 lHM

3 IHT

4 IHS

5 IFIDO

tables {Required}

Number of rows in a cross-section table
{Required}

Row number of total cross-section in
table {Required}

Row number of self-scatter cross-section
in table {Default=IHT+l}

Format of cross-section library:
O/1/2= Los Alamos (DTF)/Fixed-Field
FIDO/Free-Field FIDO {Default=O}
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BLOCK III: CROSS SECTIONS (Continued)

● Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

{Present if}

6 lTITL

7 12LP1

8 SAVBXS

9 KWIKRD

NAMES [NISO] . . . . . .
{O~ional}

EDNAME – [NISO] . . . . . .
{Optional}

NTPI 10$, [NISO] . . . . . .
{Required if scattering
order varies with Isotope}

VEL 11*, [NGROUP] . . . . . .
{Required if doing a calculation; see IEVT}

EBOUND 12*, [NGROUP+I] . . . . . .
{Optional}

Title card precedes each table?
O/I=No/Yes {Default=O}

Higher order scatter cross sections
in the supplied library contain the
2L+1 factor, where L= Legendre
scattering order?
O/I=No/Yes {Default=O}
Note: For a nonstandard lSOTXS or
GRUPXSthat contains the 2L+1
terms, set 12LP1=1.

Create and save binary form of card-
image library as fle BXSLIB?
O/I=No/Yes {Default=No}

Process FIDO format, card-image
library with fast processor at the
sacrifice of error checking?
O/l= No/Yes {Default=Yes}

One to six character, left-justified
Hollernth name for each isotope in the
library {Default=ISOn where n is the
integer position of the isotope in the
library }

One to six character, left-justified
Hollerith name for the edit positions
in the cross-section table (those
positions preceding a.)
{l)efauh=EDITl, EDIT2, etc. }

Number of Legendre scattering
orders for each isotope in the library.
{l)efault=MAXORD+l }

Particle speed for each energy group.

Energy boundaries for each energy
group.
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BLOCK IV: MIXING
{Normally Required}

Input in this block describes the nuclide mixing that ultimately creates the
macroscopic cross-sect ion sets that are assigned to the zones in the physical problem
model.

The general procedure involves first mixing the isotope cross-section data from
a basic library (defined in BLOCK III) to create material cross-section sets and
then to assign one or more materials to each zone to define the macroscopic data
for that zone.

Material cross sections are “permanently stored” in energy-group order and are
the only cross-section data available to either the Solver or Edit Modules. These
materials are defined by the MATLS array described below.

For the user’s convenience, optional temporary mixtures (or premixes) can be
created. These temporary mixtures are defined by the PREMIX array described
below and can be used as components of materials. The temporary mixtures are
indeed temporary; they are not stored and are thus forgotten by the code once the
materials have been created.

The assignment of materials to zones is achieved through the ASSIGN and
ASGMOD arrays described below. Additional optional input through the arrays
MATNAM, ZONNAM, CMOD, MATSPEC, and ATWT is also described.
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BLOCK IV: (continued)

PREMIX (Temporary Mixture) SPECIFICATIONS
{Optional}

FORM: PREMIX= PREID= COMP1 DEN1 COMP2 DENz . . . ;
PREIDb COMP3 DEN3 COMP4 DEN4 . . . ;

where

PREIDa, PREIDb, etc., are unique Premix identifiers. IT IS STRONGLY REC-
OMMENDED THAT PREMIX IDENTIFIERS BE ONE TO SIX CHARAC-
TER HOLLERITH NAMES BEGINNING WITH AN ALPHABETIC CHAR-
ACTER!

COMP1, COMP2, etc., are unique identifiers for the constituents or components
of the premix being specified. A component identifier may refer to either an
isotope or to another premix (a premix may not be a component of itself).
If the component identifier refers to an isotope from the basic input cross-
section library, the identifier may either be (i) the Hollerith name of the isotope
or (ii) an integer, 1(1<I< NISO), in which case I refers to the It~ isotope on
the basic cross-section library or (iii) a floating point number, called a ZAID,
uniquely identifying an isotope on a MENDF or MENDFG library. The ZAID
must be of the form ZZAAA.NN where 22 is the atomic number, AAA is the
isotopic mass number, and NN is a two-digit number specifying a particular
version of the cross sections for the given isotope. If the component identifier
refers to a premix, the identifier should be the same as the premix identifier
used when specifying that premix.

DEN1, DEN2, etc., are the atom densities, volume fractions, etc., associated
with the immediately preceding components. NOTE THAT SEMICOLONS (;)
MUST SEPARATE THE SPECIFICATIONS FOR EACH PREMIX!
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BLOCK IV (continued)
MATERIAL SPECIFICATIONS

{Normally” Required}

FORM

NOTE:

FORM

NOTE:

The mixing of isotopes, nuclides, premixes, etc., to create the matefials wed in
the physical problem model is done via the MATLS array.

1: MATLS= ISUS

With this abbreviated form, “isotopes” from the basic input cross-section li-
brary (see BLOCK III) are directly designated as materials such that the first
isotope on the library becomes the first material, the second isotope becomes
the second material; etc. Similarly, the Hollerith isotope names are directly
used for the Hollerith material names.

Whh this form, the number of materials, MT, will normally be equal to the
number of isotopes, NISO. If MT # NISO, then MT < NISO is REQUIRED!

2: MATLS= MATID. COMP1 DEN1 COMP2 DEN2 . . . ; MATIDb COMP3
DEN3 COMP4 DEN4 . . . ; etc.,

where

●
MATID=, MATID~, etc., are unique identifiers for each of the MT materials to
be specified. The MATIDs may be input as either (i) unique Hollerith names
(one to six characters beginning with an alphabetic character), or (ii) a unique
integer in the range 1 to MT, inclusive. If Hollerith names are used for the
material identifiers, the first named material is indexed as material 1, the second
named material is indexed as material 2, etc. If integers are used for the material
identifiers, the integer denotes the index or position of the material in the
ordered list of MT (total number of) materials. Additionally, if integers are
used for the MATIDs, Hollerith names for the materials may be optionally
provided by the user via the MATNAM array described below. (If names are
not provided, the default Hollerith material name MATn will be created by the
code where n is the integer material identifier.)

All material identifiers (MATIDs) must be of like form (Hollerith name or in-
teger).

COMP1, COMP2, etc., are unique identifiers identifying either isotopes from
the basic library or premixes to be used as components or constituents of the

* see Chapter IX for exceptions
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material identified by the immediately preceding MATID. If the desired corrlpo-

NOTE

NOTE

FORM

nent is an isotope, then the component identifier, COMP, may either be (i) the
unique Hollernth name associated with the isotope or (ii) a unique integer in the
range 1 to NISO denoting the index or position of the desired Isotope in the or-
dered list of isotopes in the basic library or (iii) a floating point number, called a
ZAID, uniquely identifying an isotope on a MENDF or MENDFG library. The
ZAID must be of the form ZZAAA.NN where 22 is the atomic number, AAA is
the isotopic mass number, and NN is a two-digit number specifying a particular
version of the cross sections for the given isotope. If the component identifier
refers to a premix, the identifier should be the same as the premix identifier
used when specifying that premix. If the desired component is a premix, then
the component identifier, COMP, should exactly match the premix identifier
used in the PREMIX array specifications.

DEN1, DEN2, etc., are the atom densities, volume fractions, atomic fractions,
etc., associated with the immediately preceding components.

1: EACH MATERIAL SPECIFICATION MUST BE SEPARATED FROM
THE NEXT BY A SEMICOLON (;).

2: THERE MUST BE EXACTLY MT MATERIALS SPECIFIED.

2 SPECIAL FEATURE: The material specification string characterized above
MATID COMP1, DEN1, COMPZ, DEN2, . . . ; can be input in the abbreviated
form

MATID COMP ;

if the material identified by MATID contains only a single component (isotope
or premix) identified by COMP, the component identifier, with a density of 1.0.
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BLOCK IV (continued)
ASSIGNMENT OF MATERIALS

{Normally* Required}
TO ZONES

The assignments of one or more materials to each zone in the physical problem
●

model are made via the ASSIGN array. For concentration searches and some other
possible uses, additional assignment information can be input via the ASGMOD
array.

THE ASSIGN ARRAY {Required if SOLVER or EDIT modules to be executed}

FORM

NOTE

NOTE

FORM

There are two basic forms for using the ASSIGN array.

1: ASSIGN= MATLS

With this abbreviated form, materials as defined in the MATLS array are dl-
rectly assigned to zones such that the fist material is assigned to the first zone,
the second material to the second zone, etc. Similarly, the Hollerith material
names are used directly for the Hollerith zone names.

1: With this form, the number of zones,
the number of materials, MT. If NZONE
QUIRED!

NZONE, will normally be equal to
~ MT, then NZONE < MT is RE-

2: Form 1 can not be used if the ASGMOD array is used.

2: ASSIGN= ZONID., MATID1, CONC1, MATIDz, CONCZ, . . . ; ZONIP6,
MATIDs, CONCS, MATIDA, CONCA, . . . ; etc.

Here

ZONID., ZONIDb, etc., are unique zone identifiers for each of the NZONE
zones. The ZONIDS may be input either as (1) unique Hollerith names (one to
six characters beginning with an alphabetic character), or (ii) a unique integer
in the range 1 to NZONE, inclusive. If Hollerith names are used for the zone
identifiers, the first named zone is given a zone number of 1, the second named
zone is given a zone number of 2, etc. If integers are used for the ZONIDS,
the integer denotes the zone number, and its value must lie in the range 1 to
NZONE, inclusive. Additionally, if integers are used for the ZONIDS, Hollerith
names for the zones may be optionally provided by the user via the ZONNAM
array described below. (If names are not provided, the default Hollerith name
ZONEn will be used, where n is the integer zone identifier, i.e., zone number.)

* see Chapter IX for exceptions
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NOTE 1: All zone identifiers (ZONIDS) must be of like form (Hollerith name or integer).

●
NOTE 2: All zone numbers associated with the ZONIDS are the same numbers used

in the ZONES array of BLOCK II.

MATID1 , MATID2, etc., are the desired material identifiers for the materials to
be used as components or constituents of the zone identified by the immediately
preceding ZONID. The MATID can be either the Hollerith material name or
the integer material number (see MATLS array).

CONC1 , CONCQ, etc., are the basic concentrations (densities, volume fractions,
etc. ) for the materials identified by the immediately preceding MATIDs.

NOTE 3: EACH ZONE’S SPECIFICATION MUST BE SEPARATED FROM THE
NEXT BY A SEMICOLON (;).

NOTE 4: THERE MUST BE EXACTLY NZONE ZONES SPECIFIED.

FORM 2 SPECIAL FEATURE: The material-to-zone specification string characterized
above by ZONID, MATID1, CONC1, MATID2, CONC2, . . . ; can be input in
the abbreviated form

ZONID MATID ;

if the zone identified by ZONID consists only of the single material identified
by MATID, with a concentration of 1.0.
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THE ASGMOD ARRAY {Required for Concentration Search,
Optional Otherwise}

●
NOTE : The ASGIVIOD array can not be used if ASSIGN= MATLS is used.

In order to understand the ~m of the ASGMOD Array, it is necessary to un-
derstand the manner in which the code uses the material-tozone assignment infor-
mat ion.

Consider a zone, Z, containing one or more materials, M, each of which is charac-
terized by a cross-section set az,g(M), where x denotes a cross-section type (fission,
absorption, etc.) and g denotes an energy group. The corresponding macroscopic
cross section for the zone, ~~,g, is generated in the code by the algorithm

X:g = ~ [co(M, z) +a(kf,z) *CMOD] *C%,,(JW)I
MEZ

where the values of CO(M,Z) are the CONC entries in the ASSIGN array (Form 2),
and represent the basic concentrations for the materials in a given zone. The values
of C1(M,Z) are concentration factors supplied by the user through the ASGMOD
array described below and which are multiplied by the concentrateion modifier,
CMOD, where

CMOD = the eigenvalue for a CONCENTRATION SEARCH

CMOD
●

= user supplied value (see other BLOCK IV input below) for ALL
OTHER PROBLEMS.

The form for entering the ASGMOD array is as follows:
ASGMOD= ZONID=, MATID1, C!ll, MATIDz, Clz, . . . ZONIDb, MATID3, C13,
MATID4, C14, . . . ; etc.

NOTE

NOTE

This form is identical to that for the ASSIGN array (except for Cl concentra-
tion factors in lieu of the basic concentration, CONC) and will not be further
amplii5ed.

1: All ZONIDS and MATIDs used in the ASGMOD array should be of the same
form (Hollerith name or integer) as those used in the ASSIGN array.

2: The ZONIDS and MATIDs used in the ASGMOD array must be a subset of
those used in the ASSIGN array, i.e., any MATID used in the ASGMOD array,
for a given ZONID must also be used in the ASSIGN array but not conversely.
Default values for the Cls for materials used in the ASSIGN array but not in
the ASGMOD array are 0.0.



OTHER BLOCK IV INPUT
{Optional}

Array Specification Array Contents and Descriptive Comments

Name [Length]

{Present if}

CMOD [1]
{Optional}

MATNAM [MT]
{Optional}

ZONNAM [NZONE]
{Optional}

MATSPEC [<MT]
{Optional}

The value of the concentration modifier used in the
general algorithm for assigning materials-to-zones (see
discussion under ASGMODarray in BLOCKlV). Only used
if (i) ASGMODarray is input and (ii) problem being
executed is not a CONCENTW~ON SEARCH.

Hollerith material names for materials. Used only if
the MATIDsused in the MATL array were integers.
First entry in MATNAMarray is Hollerith name for
material number 1, second entry is Hollerith name for
material number 2, etc.

Hollerith zone names for zones. Used only if the ZONID
entries in the ASSIGNarray (and ASGMODarray, if used)
were integers. First entry in ZONNAMarray is Hollerith
name for zone number 1, second entry is Hollerith name
for zone number 2, etc.

Tells code whether material mixing in the MATLSarray
is to use atomic densities, atomic fractions, and/or weight
fractions. The MATSPECparameter 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. If the number of entries is less than MT, the
last entry will be applied to all remaining and unspecified
entries. The allowable entries for MATSPECare:
ATDENS–usethe traditional atom density style of
input for mixing specifications {Default }.
ATFRAC-use the type of mixing that specifies the isotopes
(nuclides) and their atomic fractions in the material together
with the material’s density.
WTFRAC-use the type of mixing that specifies the isotopes
(nuclides) and their weight fractions in the material together
with the material’s density.
[See Ch. IX for more details]



OTHER BLOCK IV INPUT
{Optional}

(Continued)

Array Specification Array Contents and Descriptive Comments

Name [Length]

{Present

ATWT [<NISOpairs] Atomic weights of the isotopes. If using MATSPEC=
{Optional} ATFRAC or WTFR.AC,atomic weights must be available.—

to the code.
ATWT array
ATWT=ISOI

[See Ch. IX for more details). Entries for the
are made in pairs as follows:
ATWT1 1S02 ATWT2. . .

where ISOi is the isotope name (identifier) for isotope
isotope i on the cross section library and ATWT~is the
atomic weight for isotope i.
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BLOCK V: SOLVER INPUT
{Required if Executing Solver Module}

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments.—
{Present if}

SOLIN – [5] ..: . . .
{Always} 1 IEVT

2 ISCT
3 ITH

4 IBL

5 IBR

Basic SOLVERinput control words
Type of calculation:
-1 Inhomogeneous source with fission

or upscatter
O Inhomogeneous source alone
1 k.jj
2 ~ (time absorption) search
3 concentration search
4 dimension search

Legendre order of scattering
Mode of calculation: O/l= Direct
(forward) /Adjoint (Default=O)
Left boundary condition:
O vacuum
1 reflective*
2 periodic
3 white*
{Used only for planar geometry}
Right boundary condition: Same
options as for IBL {Used for all
geometries}

*Albedoes may be used with either
reflective or white boundary
conditions (see LBEDO,RBEDO
arrays below).

ITER [6] ... ...
{Op;ional}

1 EPSI

2 EPSO

3 IITL

Iteration and convergence control
parameters
Inner iteration convergence
criterion (Default= O.0001).
Outer iteration convergence
criterion (Default =EPSI).
Max number of transport inner
iterations per group until 11.0– Al
<3* EPSO (Default chosen by code).
Recommended to use default.
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BLOCK V: SOLVER INPUT (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number (Lemzthl Word Name Comments
●

TRCOR – [1]
{Optional}

MISC [7]
{Op;onal}

4

5

6

. . .

. . .

1

2

3

4

5

HTM

OITM

ITLIM

. . .

. . .

BHGT

BWTH

NORM

INFLUX

INSORS

Max number of transport inner
iterations per group after I1.0 – Al
<3* EPSO(Default chosen by code).
Recommended to use default.
Max number of outer iterations
allowed (Default=20).
Iteration time limit in seconds
(Default=no limit),
Apply transport correction to cross
sections on MACRXSfle.
Valid values for this entry are:
DIAG use “diagonal” transport
correction (generally recommended)
BHS use the Bell-Hansen-Sandmeier
transport correction
CESAROuse the Cesaro transport
correction {Default =none}
Miscellaneous control parameters
Buckling height (in cm if macro-
scopic cross sections in cm-l).
Used only for plane, cylindrical
and two-angle plane geometries.
{Default=O.O ~ 00}
Buckliig width. Used only for
plane and two-angle plane
geometries. {Default=O.O ~ 00}
Normalization factor: O/NORM=NO
normdlzation/Normdlze fission
source rate (IEVT~l) or inhomo-
geneous source rate (IEVT<l) to
NORM. (ktegral of source rate
over all angle, space, energy=
NORM.) {Default=O}
input flux guess: O/l=None/
RTFLUXstandard interface file.
{Default=O}
Input inhomogeneous source input
from FIXSRCstandard interface
fle? ()/l=No/Yes {Defa~t=O}
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BLOCK V: SOLVER INPUT (Continued)

● Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

6 IQUAD

7 12ANG

SOLOUT – [8] . . . . . .

{Optional} 1 FLUXP

2 XSECTP

3 FISSRP

4 SOURCP

5 GEOMP

6 ANGP

Quadrature constants to be used.
Valid values are:
-3 use SNCONSstandard interface fde
1 u% built-in P~ set
2 use built-in DP~ set
3 use card input via WGT, MU arrays
4 use built-in GQN set.

(recommended for cylinders)
{Default=l, but card input will
override.}
Do two-angle plane calculation?
O/l=No/Yes {DefauIt=O}
(For IGEOM=l only.)

Basic SOLVERoutput control
parameters
Final flux print: 0/1/2= None/
Isotropic component (scalar flux)
only/All flux moments
{Default=O}
Macroscopic zone cross sections
print: O/1/2 =None/Principal
cross sections/All (principal
plti scattering matrices).
{Default=O}
Final iksion source rate density
print: O/l=No/Yes {Default=O}
Inhomogeneous source print:
O/1/2 /3=No/As input/
Normalized/Both {Default=O}
Fine-mesh geometry print:
O/l=No/Yes {Default=O}
Fkml angular flux print:
O/l=No/Yes {Default=O}

7 RAFLUX Write angular fluxes to standard
interface file RAFLUX(AAFLUX if
adjoint)? O/l=No/Yes
{Default=O}

8 BALP , Print balance tables by coarse mesh:
O/l=No/Yes



BLOCK V: SOLVER INPUT (Continued)

Array Specification Array Contents and Descriptive Comments ●
Name Number [Length] Word Name Comments

RMFLUX [1] .0. . . .

{Optional}

CHI 20* [NGROUP;M] . . . . . .
{Required}

Unless lEVT= O or
unless available

from library.
See Block 111.

DEN

WGT

MU

LBEDO

RBEDO

21*
{Optional}

22*
{Optional}

23*
{Optional}

[IT] ... ...

[MM] ... ...

[MM] ... ...

3(-J* [NGROUP] . . . . . .
{Optional}

31* [NGROUP] . . . . . .
{Optional}

O/I= No/Yes. Prepare RMFLUXflux
moments file. (See file description
in App. A)

Fission spectrum by energy group
and zone. Data is entered as M
strings each NGROUPdata words
long. M is any integer such that
lSMgNZONE. If NICNZONE,
the last string entered, i.e., the
Iast NGROUPvalues of CH1will
be used for zones M+l, M+2,
. . . NZONE.The SEMICOLON(;)
ST~NG DELIMITERMUSTBE
USEDBETWEENSTRINGS!

Fine spatial mesh density factors to be
applied to the zone macroscopic cross
sections at each mesh point. (lT=no.
of fine spatial mesh intervals,
see BLOCK1.) ●
SN quadrature weights. l?or plane and
spherical geometry MM=ISN(ISN+2)/4;
for 2-angle plane geometry (MM=
ISN*(ISN+2). For ordering of
weights, see Chapter 111.

SN quadrature cosines. For ordering of
cosines, see Chapter 111.

Left boundary albedoes for each group
for plane geometry (IGEOM=l) only.
Applied as albedoes for either reflective
(IBL=l) or white (IBL=3) boundary
conditions. {Default=O}

Right boundary albedoes for each group
for all geometries. Applied as albedoes
for either reflective (IBR=l) or
white (IBR=3) boundary
conditions. {Default=O}
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●
BLOCK V: SOLVER INPUT (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

INHOMOGENEOUS (FIXED) SOURCES (particles per unit time per unit volume)
{Required if IEVT~ OAND INSORS=OAND NO BOUNDARY(SURFACE)SOURCES}

SOURCE 40* [NGROUP;N] . . . . . . lnhomogeneous source energy spectra.
{Present if} The number, N, of strings is the number

of angular source moments desired.
Each string must contain NGROUP
data entries. First string contains the
spectrum for the isotropic component
of the source. Succeeding strings
cent tin spectra for successively higher
source moments (see Ch. III for ordering
of higher moments.) THE SEMI-
COLON(;) STRINGDELIMITER
MUSTBE USEDBETWEENSTRINGS

SOURCX 41* [lT;N] . . . . . . Inhomogeneous source spatial distri-
butions. The number, N, of strings is
the number of angular source moments
desired. Each string must contain IT
(number of fine spatial mesh intervals)
data entries. First string contains the—
spatial distribution for the isotropic
component of the source. Succeeding
strings contain the distributions for
successively higher moments (see Ch. III
for ordering of moments). THE SEMI-
COLON(;) STRINGDELIMITER
MUSTBE USEDBETWEENSTRINGS

Note on use of SOURCE/SOURCX: Inhomogeneous source used by the code
is formed by taking the product of energy spectrum times the spatial
distribution for each moment. If one of the two arrays SOURCEor SOURCX
is input and the other omitted, the omitted array is defaulted to unity.
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BLOCK V: SOLVER INPUT (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

SOURCF 44* [IT;M] . . . . . . Fu1l inhomogeneous source space-
~rgy. distribution. The number of
strings, M, is equzd to N*GROUP,
where N is the desired number
of source angular moments. Each
string contains IT data entries.
First string is group 1, spatial
distribution for the isotropic
component, second string is group 2
spatial distribution for isotropic
component, etc. The NGROUP+l
string (if present) is the group 1
spatial distribution for the 1st
angukir moment, etc. STRING
DELIMITERS(;) MUSTBE USED
BETWEENSTRINGS
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BLOCK V: SOLVER INPUT (Continued)

● Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments.—

BOUNDARY (SURFACE) SOURCES (particles per unit time per unit area)

SILEFT

SALEFT

SIRITE

SARITE

50*

51*

52*

53*

{Optional}

[NGROUP] . . . . . . Fixed, isotropic boundary (surface)
source at the left boundary for each
energy group. FOR PLANE
GEOMETRYONLY! See Ch. X

[K;NGROUP] ... ... Fixed, angular boundary (surface)
source at the left boundary for each
inward-directed direction and each
energy group. FOR PLANEGEOMETRY
ONLY!K=lSN/2 for standard plane
geometry K=EN*(ISN+2)/2 for
2-angle plane geometry calculation
(12ANG=1). Entered as NGROUP
strings of data, each string containing
K data entries, beginning with group 1.
The ordering of the angular
boundary sources (fluxes) is described
in Ch. X. STRINGDELIMITERS(;)
MUSTBE USEDBETWEENSTRINGS

[NGROuP] ... ... F~xed, isotropic boundary (surface)
source at the RIGHT boundary for
each energy group beginning with
group 1.

[K;NGROUP] . . . . . . Fixed, angular boundary source at the
right boundary for each inward-directed
angular direction and each energy group.
K=ISN/!2for standard plane and spherical
geometries (IGEOM=1,3);K=ISN*(ISN+2)/8
for cylindrical geometry (IGEOM=2);
K=ISN*(ISN+2)/2 for 2-angle plane geometry
czdcdation (12ANG=1 andIGEOM=l). Entered
as NGROUPstrings of data, each string
cent aining K data entries, beginning with
group 1. The ordering of the angular boundary
sources (fluxes) is described in Ch. X.
STRINGDELIMITER(;) MUSTBE USED
BETWEENSTRINGS!
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BLOCK V: SOLVER INPUT (Continued)

Array Specification Array Contents and Descriptive Comments ●
Name Number [Length] Word Name Comments

{Present if}
SEARCH - [8] . . . . . .

{Always if IEVT>2}

1 IPVT

2 Pv

3 EV

4 EVM

5 XLA~

6 XLAH

7 XLAX

8 POD

Control parameters for searches and
time-absorption (a) calculation

Parametric value type: 0/1/2=
None/keff/cr. lPVT=l
or 2 only valid for IEVT~2.
{Default=l if IEVTZ2}.

Parametric value of keff (if
IPVT=l) or a (if
IPVT=2). PV is a fixed
quantity during a search.
{Default=l.O if IPVT=l,
0.0 if 1EVT=2}.
Value of eigenvalue at which search
is started (used only if IEVT~2).
{Default=O.O }.

Eigenvalue modifier to adjust
eigenvalue at which search is
started (used only if IPVT~2).
REQUIREDINPUTif IEVT~2!

Lambda lower limit for eigenvalue
searches. {Default =0.01 }

Lambda upper limit for eigenvalue
searches. {Default=O.5 }

Lambda convergence criterion for
second and subsequent search
steps, i.e., search convergence
criterion. {Default= lO*EPS1}

Parameter oscillation damper.
See Ch. X {Default=l.O }
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BLOCK V: SOLVER INPUT (continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

{Present if}

RM 27* [IM] . . . . . . Radius modifiers for each mesh inter-
{Always if IEVT=4} val for’ use with dimension searches

only. For coarse-mesh interval K,
the coarse-mesh spatial boundary
RK+l is computed as

*(l+ EV*RMK) k=l,..., IM

where EV is the ‘dimension search
~igenvalue being sought and RK,
RK+l are the input coarse-mesh
boundaries supplied in the XMESH
array of BLOCKII.

Note on Searches: Ch. X has descriptive details on how searches
are performed by the code.
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BLOCK VI: EDITS
{Required if Executing EDIT Module}

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

{Present if}
PTED [1]

{Al~ays}

ZNED [1]
{Al~ays}

POINTS 80$ [<IT]
{Optional}

EDZONE 83$ [IT]
.{Optional}

ICOLL 84$ [NBGj
{Optional}

IGRPED - [1]
{Optional}

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .

Do fine space-point edits:
O/l=No/Yes

Do EDITZONE edits:
O/I= No/Yes

Fine-mesh point (or interval)
numbers for which point edits are
desired. Must be in ascending order
USEDONLYIF PTED=l.
(Default=all points)

EDIT ZONEnumber for each he
spatial mesh interval. USEDONLY
IF ZNED=l. (Default=SOLVER
coarse mesh interval numbers,
see XMESHARRAY, BLOCK11)

Edit Energy-Broad-Group collapsing
option. Number of Solver energy
groups in each Edit Energy-Broad-
Group. NBG is the number of
entries in the ICOLLarray. It
is required that

NBG
~ ICOLL(N) = NGROUP .

N=l

(Default=l energy group per Edit
Energy-Broad-Group)

Print option on energy groups:
O print energy group total only
1 “print only Edit Energy-Broad-Groups
2 sarneasl
3 Print both Edit Energy-Broad-Groups
and group totals {Default = 0}
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Array Specification

BLOCK VI: EDITS (Continued)

Array Contents and Descriptive Comments

Name Number [Length] Word Nsme Comments.—

BYVOLP – [1]
{Optional}

AJED [1]
{Opt;onal}

POWER - [1]
{Optional}

MEVPER – [1]
{Optional}

. . . . . . Print option on fine space-point edits:
Printed point reaction rates will have
been multiplied by the mesh interval
volume? O/l=No/Yes {Default = O}

. . . . . . O/I=Regular (forward) Edit/Adjoint
Edit. Regukr edit uses RTFLUXscak
flux file; Adjoint edit uses ATFLUX
scalar flux file {Default = O}

. . . . . . Normalize edits to POWER megawatts. All
printed reaction rates and the fluxes on files
lWFLUX and RZFLUX(if requested) will be
normalized. Fluxes are normally not printed
in the Edit Module although they can be
extracted by using a unit response function.
Any such fluxes will be normalized to
POWER. Note that this normalization
is independent of that invoked by the NORM
parameter in BLOCKV.

. . . . . . MeV released per fission (default=210 MeV).
This value will be used with the calculated
fission rate to deterrn~ne the power. For the
power normalization the code needs to know
which cross section is the fission cross section
(af). It uses the one from the cross section
library that has the name “N-FISS.” If one
uses an ISOTXS, GRUPXS, or MENDFlibrary,
that designation will be automatic (see
Tables Xa, and Xb). If one uses a card-
image library then the fission cross section
must exist on the library and the name
“N-FISS” must be entered in the proper
place in the EDNAMESinput array in BLOCK111.

v-37



BLOCK VI: EDITS (Continued)

Array Specification Array Contents and Descriptive Comments ●
Name Number [Length] Word Name Comments.—
EDOUTF –

{Optional}

RZFLUX –
{Optional}

RZMFLX –
{Optional}

[1] ... ... Edit Module ASCIIfile preparation control.
Permissible values are:
-3 EDTOGX (without scalar fluxes) plus

EDTOUTfiles to be produced
-2 EDTOGX (without scalar fluxes)

to be produced
O Neither EDTOGX nor EDTOUT files

to be produced {Default}
1 EDTOUT fle only produced
2 EDTOGX (with scalar fluxes) produced
3 Both EDTOGX (with scalar fluxes)

and EDTOUTfiles produced.
(See Ch. XI.F and App. C for more details)

[1] . . . . . . O/I=No/Yes. Prepare RZFLUXzone-averaged
flux file. (See file description in Ref. 3)

[1] . . . . . . O/l=No/Yes. prepare RZMFLX zone-averaged
flux moments file.
(See file description in App. A)

●
REACTIONRATE/RESPONSEFUNCTIONEDITSPECIFICATIONS

EDXS - [< NEDT] . . . . . . Cross section types to be used in forming
{Optional} react ion rates. May be entered by integer

(denoting edit position of desired cross-
section type) or by Hollerith name of
cross-section type. See Table Xa, Xb. NEDT
is the total number of Edit cross-section
types available from the input cross-
section library. { Default =ALL}
NOTE: The cross-section types specified
in this array apply to any of all of the
following specified edit forms:
RESDNT,EDISOS,EDCONS,EDMATS.
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BLOCK VI: EDITS (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Word Name Comments

RESDNT – [1] ... ...
{Optional}

EDISOS - [<NEDT] ... ...
{Optional}

EDCONS – [<NISO] ... ...
{Optional}

EDMATS – [<MT] ... ...
{Optional}

RSFNAM – [M] ... ...
{Optional}

Do edits using the Resident Macroscopic
cross sections: 0/1 =No/Yes. By resident is
meant that which actually exists at each
mesh point as used in the SOLVERModule.
NOTE: If density factors were used in
SOLVER,the same density factors
should be provided in the XDF array
for the EDIT Module. (See Ch. XI)

Isotope identifiers for isotopes to be used
used in forming isotope microscopic reaction
rates. Identifiers may be entered as either
(i) integers in which case an integer entry
of I refers to the It~ isotope on the basic
input library, or (ii) Hollerith names of the
desired isotopes. {Default=none}.
(See Ch. X1)

Isotope identifiers for isotopes in forming
Resident Constituent (partial macroscopic)
react ion rates. Identifiers may be entered
as integers (denoting the ordered position
of the isotope on the basic input library)
or as Hollerith names of the desired
isotopes. {Default =none}. (See Ch. XI)

Material identifiers for materials to be
used in forming material (macroscopic)
reaction-rate edits. Identifiers may either
be integers (material numbers) or Hollerith
material names. {Default =none}.

Hollerith names for the user-input
response functions specified below. M is
arbitrary but must be <500.
{Default=RSFPl, RSFP2, . . .. RSFPM}.
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BLOCK VI: EDITS (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] comments ●
RSFE 85* [NGROUP;M]. . .

{Required if user-input}
{response functions desired}

RSFX 86* [IT;M] . . .
{Optional}

XDF 90* [IT] . . .
{Optional}

MICSUM - [<500 sums] . . .
{Optional}

Responsefimctionenergydistribution
for eachof the M diRerent response
fimctions desired. The number of different
response functions is arbitrary (but must
be fewer than 500). Data are entered as M
strings each of NGROUPentries beginning
with group 1. THE SEMICOLON(;)STRING
DELIMITERSHOULDBE USED.

Response function spatial distribution by fine mesh
for each of the M differentfunctionsdesired
(l~M<500). Data are enteredas M strings each
of IT entries beginning with mesh point 1. THE
SEMICOLON(;)STIUNGDELIMITERSHOULDBE
USED.(Default=l.O for all entries if RSFE array is
entered.) Note Mt~ response function at space
point I, energy group G is computed as
RSFX(I,M)*RSFE(G,M).

Fine spatial mesh density factors used to multiply
resident Constituent (see EDCONS),material ●
macroscopic (See EDMATS),and resident
macroscopic (see RESDNT)reaction rates
~. (Default=all values unity).

Cross-section reaction rate summing specifications.
The MICSUMarray is a packed array with data
entered as follows: A set of isotope numbers
or names is given, followed by a set of cross-
sectiontype position numbersor names (see
Tables Xa and Xb). These sets are delimitedwith
Oan entry of (zero). Reaction rates are calculated
for each isotope specified and summed to form the
fist sum. The next two sets of data are used to
form the second sum, etc. Up to 500 sums can be
specified. (See Ch. X1)
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BLOCK VI: EDITS (Continued)

Array Specification Array Contents and Descriptive Comments

Name Number [Length] Comments

{Present if}

IRSUMS – [<500 sums] . . . Response function reactions rate summing
{Optional but used only} specifications. The IRSUMSarray is input
{if RSFE array is input} as follows: A set of response function numbers

or names is entered and the set delimited with
an entry of O (zero). Reaction rates are
calculated using these response functions, and
the rates are summed to form the first sum.
The next set of data is used to form the second
sum, etc. Up to 500 sums can be specified.
(See Ch. XI)
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BLOCK VI: EDITS (Continued)

TABLE Xa
EDIT CROSS-SECTION TYPES BY POSITION

(for other than MENDF libraries)

Cross-Section Input
Via ISOTXS/GRUPXS

Type

x

Vuf

C7t

UC

Un,p

un,J)

fYn,T

u~,a

On,zn

~n,y

of

fYt$.

EDIT

Position Namea

1

.2

3

4

5

6

7

8

9

10

11

12

CHI...

NUSIGF

TOTAL

ABS

N-PROT

N-DEUT

N-TRIT

N-ALPH

N-2N..

N-GAMM

N-FISS

TRNSPT

AND NAME

Cross-Section Input
Via Card Image Libraries

Type

Not Used

mf

Ut

tY~

lb

2b
.

.

.

N=(IHT-3)b

EDIT

Posit ion Namea

1

2

3

4

5

6

4+N

CHI...

NUSIGF

TOTAL

ABS

EDITIC

EDIT2C

EDITNac

a

b

c

Names are six character Hollerith. denotes blank.

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

These are the default names that may be overridden with the user-option
names in the EDNAMESarray of Block III.
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BLOCK VI: EDITS (Continued)

TABLE Xb
MENDF Library EDIT CROSS SECTIONS

When using the Los Alarnos MENDF5cross section library with the SN
codes there are numerous edit cross sections available for use in the Edit
Module. Since these come from the MENDFfile, they are called upon with
special Hollerith names in the Edit Module as part of the EXDS=input.
These names are defined below:

Reaction Type Name

(elm scat)
(n,n’)
(n,2n)
(n,3n)

(n,7)
(n,a)
(n,p)
(n,f)
(n,n’)f
(n,2n)f
(n,F)
lmf
c7t
Xp
x:
Oa

MEND1
MEND2
MEND3
MWNS4
MEND5
MEND6
MEND7
MEND8
MEND9
MEND lO
N-FISS [(n,F) = (n,f) + (n,n’)f + (2,2n)f]
NUSIGF
TOTAL
MEND12 (only for fissionable materials)
MEND13 (only for fissionable materials)
ABS

Note: a= is defined as

a,-~ a(g+g’)
9’
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