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Preface

Since the ONEDANT Code Package was first released in 1982, it has undergone
numerous changes in the form of bug fixes, modification to improve the code’s
robustness, and new features and capabilities. In addition, the current code package
contains the TWODANT 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-9184-M, “User’s Manual for
ONEDANT: A Code Package for One-Dimensional, Diffusion-Accelerated, Neutral-
Particle Transport”, (Feb. 1982). Several new sections have been added to the new
manual, and 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.




CONTENTS

‘ PREFACE

ABSTRACT
I. INTRODUCTION

oooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooo

II. OVERVIEW OF THE ONEDANT CODE PACKAGE ........

IIIL.

A. Programming Practices and Standards . . .............
Language . ... ... .ttt ittt
Structure . . . . ... e e e e e e
Standard Interface Files . . ... ... ... . ... . ...,
Data Management and Transfers . ................
Central Memory Restrictions .. .................
.WordSize . ........ .. it
ONEDANT Code Package Structure ................
Input Module
Solver Module
Edit Module

O G 0 o

HOQwW

GENERAL DEVELOPMENT OF THE 1-D Sy EQUATIONS
A. Development of the Multigroup, Discrete-Ordinates Form
of the Transport Equation . .....................
1. Particular Forms of the Divergence Operator . ... ......
2. Spherical Harmonics Expansion of the Scattering
Source ... ..t e e e e e
3. Spherical Harmonics Expansion of the Inhomogeneous
Source . .. it i it e e e e e e e e
4. Discretization of the Energy Variable-the Multigroup
Approximation . . ... . ...ttt
5. Discrete-Ordinates Equations . . .................
a. Standard Plane Geometry ...................
b. Two-Angle Plane Geometry . ... ..............
c. Cylindrical Geometry . ............. 0. ...
d. Spherical Geometry .. .......... ..
e. Starting Directions . . . ... ... .. ... ... .. ...
6. Discretization of the Spatial Variable ..............
B. Iteration Procedure

II-1
II-1
II-1
II-1
II-1
II-2
I1-2
11-2
II-2
-7
I1-8
II-9

I11-1




Iv.

VI

VIL
VIIIL

CARD-IMAGE INPUT FORMATRULES ...............
A. Free-Field Input . . . .« v v v v i i i e i e et oo e s oo
Card-Image Ground Rules ... .................
Delimiters (Separators) and Terminators . ...........
Numerical Data Item Ground Rules . .. .. e e e e
Hollerith Data Item Ground Rules . . ... ...........
Array Identification and Ordering . . ... ...........
Block Identification and Order . . . ... ... ... ... ...
. Input Data Operators . .. ... ... ...
B. User-Specified Input Formats . ....................
C. Fixed-Field FIDOInput ...........00viiieeenon.
Card-Image Ground Rules .. ..................
Delimiters (Separators) and Terminators . ...........
Numerical Data Ground Rules . . ................
Hollerith Data Item Ground Rules .. ... ...........
Array Identification and Ordering . . ..............
Block Identification and Ordering . ............ ...
Input Data Operators ... ... ... ...

N ok

No ot e

. ONEDANT CODE PACKAGE INPUT SPECIFICATIONS ... ..

A. Overview of the Specificationof Input . . . .. ... ... .....
B. ONEDANT INPUT: Mini-Specification Sheet ... ........
C. Input Specifications . . . ... .. ... 0o iy

SOME DETAILS ON INPUT OF CONTROLS AND DIMENSION

PARAMETERS (BLOCKI) ...............c..co...
A. Angular Quadrature-Related (ISN) . ............. ...
B. Geometry-Related (NZONE, IM, IT) . ...............
C. MAXSCM, MAXLCM . ... . ittt i ittt ne s
D. Execution/File Suppression Flags . .. ...............

DETAILS ON GEOMETRY-RELATED INPUT (BLOCK II) ...

INFORMATION ON CROSS-SECTION LIBRARIES (BLOCK III)

A. Input of the Basic Cross-Section Library . .............
1. ISOTXS and GRUPXS Standard Interface Files .. ... ...
2. Isotopic, Card-Image Libraries in the Los Alamos,

ANISNor FIDO Format . ... ... ... .o
Ordering of Cross Sections Within a Cross-Section Table
Card-Image Data Formats . .................
Cross-Section Table Title Cards . . .. .. ... ......
Anisotropic Scattering and the Ordering of
Cross-Section Tables . . ... .............. ...

o TP

VII-1

VIII-1
VIII-1

VII-1

. VIII-2




3. Binary Form of Card-Image Libraries (the BXSLIB file) ... VIII-4
4. XSLIBB Card-Image Library File ................ VIIL-5
5. MACRXS and SNXEDT Cross-Section Files . ......... VIII-5
6. The MACBCD Card-Image Cross-Section Library . ... ... VIIL-5
7. The Los Alamos MENDF5 Cross-Section Library . ... ... VIIL-5
8. The Los Alamos MENDF5G Gamma Cross-Section Library . VIII-6
9. The XSLIBE and XSLIBF Material Cross-Section Libraries . VIII-6
B. Coupled Neutron-Gamma Cross-Section Sets . . . . ........ VII-6
C. Creating Cross-Section Files with Different Formats
(The WRITMXS Parameter) . ... .......0.000..... VHI-7
. FURTHER DETAILS ON MATERIAL MIXING AND ASSIGNMENT-
OF-MATERIALS-TO-ZONES (BLOCKIV) .............. IX-1
A. Review of Terminology . .. ... ... .. ... ... ... IX-1
1.FineMesh ............ .. ... . ..., X-1
2. Coarse Mesh . . ... ...t IX-1
3. Zone ... e e e e e e e IX-1
4. Material . .......... ... .. ... . e e IX-1
5. Material AssignmentstoZones . ................. IX-1
B. The Basic Method for Creating Materials as Mixtures
of Nuclides . .......... ... .. 0.0 iiiiieinn.. 1X-1
C. Assignment of MaterialstoZones . ................. 1X-3
D. Alternative Forms of Mixing (the MATSPEC and ATWT Arrays) IX-4

1. Mixing of Materials Using Atomic Fractions or
Weight Fractions of Isotopes (the MATSPEC Parameter) .. IX4
2. Providing Atomic Weights to the Code

(the ATWT Array) . ... ...t vv i, IX-6
E. The Creation/Use of Interface Files in Mixing and
Assigning Materials . ......................... IX-7
1. Material Mixing and the Creation of Interface Files . .. ... IX-7
2. Using Existing MACRXS, SNXEDT, NDXSRF, ZNATDN
Interface Files . . ... ...... ... ... ... ... ... IX-8
. DETAILS RELATED TO ONEDANT SOLVER MODULE INPUT
AND EXECUTION (BLOCK V) ... ... ..., X-1
A. Iteration Strategy . ............. .. ... ..., X-1
B. Convergence Criteria . . . ... ... ......00uuuiuuen.. X-4
1. Inner Iteration Convergence .. ................. X-4
2. Diffusion Sub-Outer Iteration Convergence . .......... X-4
3. FullConvergence . ..............0.00uiiuve... X-5
4. Iterative Loop Termination .................... X-5
C. Iteration Monitor Print . ....................... X-6
1. General Aspects of the Monitor Print . ............. X-6

2. Warning Messages and Their Meanings .. ........... X-7



D. Boundary Conditions . . ... ... ... X-8
E. Input of Quadrature Sets . . . ... ... ... 000 L X-9
F. Zone-Dependent Fission Fractions (the CHI Array) ........ X-10
G. Input of Inhomogeneous Sources . . ... ........00. ... X-10
1. Distributed SourceInput . .................... X-10
2. Surface (Boundary) SourceInput . . ... ........... X-12
H. Normalization of the Calculation
(the NORM Parameter) . ... .....oveuevienennneaos X-14
I. Applying Transport Corrections to the Cross Sections
(the TRCOR Parameter) . ........ovouieuunennnnn X-15
J. Buckling Corrections . . ...........c000ivivonn... X-17
K. Eigenvalue Searches . .............coituivuiee... X-17
L. Adjoint Computations .. ......... ... X-21
XI. DETAILS RELATED TO EDIT MODULE INPUT AND
EXECUTION(BLOCK VI) . ...... ..., XI-1
A. Spatial Optionsfor Edits ... .................... XI-1
B. Energy-Group Optionsfor Edits . . ................. XI-3
C. Forms of Response Functions . ... ................. XI-4
1. Cross-Section Response Functions:
EDXSInput Array . . ... .o oo v v vttt i v ie oo XI-4
a. Resident Macroscopic Cross-Section Response
Functions: RESDNT Input Parameter ........... XI-4
b. Isotope Microscopic Cross-Section Response
Functions: EDISOS Input Array . . ............. XI-4
c. Resident Constituent Cross-Section Response
Functions: EDCONS Input Array . ............. XI-5
d. Material Cross-Section Response Functions:
EDMATS Input Array . ... ... .ottt v v v wnnnn XI-5
2. User-Input Response Functions: The RSFE
and RSFX Input Arrays . ..............c000.... XI-5
D. Response Function Summing Options . . .............. XI-6
1. Cross-Section Response Functions Sums:
MICSUMInput Array . .. ... ...t i it vt v e XI-6

2. User-Input Response Functions Sums:

IRSUMS Input Array . . . ¢ v v v v v v v v vttt oo e oo XI-7

E. Adjoint Edits . . .. ... ... .00t it XI-7
F. Edit Module ASCII File Output Capabilities

(the EDOUTF Parameter) . ........ouv e uoeennn XI-7

XII. STACKED RUNS




XIII. CONTROLLING THE EXECUTION OF MODULES

AND SUBMODULES . .. . . ittt it ittt e neeeon XIII-1
A. Module Execution Control .. .............c...... XIII-2
1. Input Module Execution Control ... .............. XII1-2
2. Solver Module Execution Control . .. ............. XIII-2
3. Edit Module Execution Control . ................ XIII-2

B. Input Submodule Execution Control (File
Generation Suppression) . ... ... ... i XII1-2
1. Geometry Submodule Execution Control . ........... XIII-3
2. Mixing Submodule Execution Control . ............. XIII-3

3. Assignment-of-Materials-to-Zones Submodule

ExecutionControl .. ... ..........cc.. XIII-3

4. Working-Cross-Section-File Submodule
ExecutionControl .. ... ... ... ... ... XIII-3
5. SOLVER-Input-File Submodule Execution Control ... ... XI1II-4
6. Edit-input-File Submodule Execution Control . ... ..... XII1-4
7. Adjoint-Reversal Submodule Execution Control ... ... .. XIII-4
XIV. ERRORDIAGNOSTICS .. ... ..ttt it tenenosnnans XIV-1
A. Examples of Errors and Resulting Messages . ........... XIV-1
B. Comments Regarding Multiple Errors . . ... ... ........ XIV-5

APPENDIX A: CODE-DEPENDENT INTERFACE FILE DESCRIPTIONS A1

L MACRXS File . .... ...ttt ieeneeeeans A2

II. SNXEDT File . ... .. i ittt ittt ettt it A5
III. ADIMAC File . . ... i i i it i it ittt it an e A8
IV. ASGMAT File .. ... .. it ittt it i All
V.SOLINP File ... ... ... it ittt nninneennn Al4
VL EDITIT File . .. ...ttt teennnnnnnenan A21
VIL BXSLIB File . .. ... . @ittt it teenenennnn A25
VIII. RMFLUX File . .. .. ... ittt ittt ittt eeannnn A27
IX. RZMFLX File . . ... . it it it it it ee e A28

X.FISSRCFile . ..... ...ttt iiinenn. A29



APPENDIX B: ONEDANT SAMPLE PROBLEMS

............. B1

I. Sample Problem 1: Standard k.ss Calculation ............. B1

II. Sample Problem 2: Edit-Only Run .. ... ... ........... B18
APPENDIX C: FILE DESCRIPTIONS FOR SPECIAL EDIT MODULE

ASCIIOUTPUT FILES . . . ... ittt it ittt it iieeennn C1

I. Description of the EDTOUT File .................... C1

II. Description of the EDTOGX File .................... Cé

REFERENCES .. ... ... .. . .. ittt R1




REVISED USER’S MANUAL FOR ONEDANT:

A CODE PACKAGE FOR ONE-DIMENSIONAL,
DIFFUSION-ACCELERATED,
NEUTRAL-PARTICLE TRANSPORT

by

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

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 IBM, 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 (k.fs 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-particle, 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



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: Running 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], Si¢, P3 scatter, 500 space-point ks
calculation for a light water reactor requires about 48 sec CPU time.

A 30 energy group, Sy, P4 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,d) geometries. The TWOHEX Solver
Module performs two-dimensional calculations on an equilateral triangle spatial
mesh. The code makes use of binary, sequential data files, called interface files,
to transmit data between modules and submodules. Standard interface files whose
specifications have been defined by the Reactor Physics Committee on Computer
Code Coordination are accepted, used, and created by the code. A free-field card-
image input capability is provided for the user. The code provides the user with
considerable flexibility in using both card-image or sequential file input and also in
controlling the execution of both modules and submodules. Separate versions of
the code package exist for short-word and long-word computers.

Programming Languages: The program is written in standard FORTRAN 77 lan-
guage.

Machine Requirements: For CDC-7600 and similar computers 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 sufficiently 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 insufficient for
the problem being executed.

Material Available: Source deck (about 125,000 card-images), sample problems, and
this manual have been submitted to the Radiation Shielding Information 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
diamond-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 diamond-differencing
method for space/angle discretization in (r,z), (x,y), and (r,f) 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 ONEDANT 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) a free-field format card-image input capability designed with the user in mind;

(2) 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;

(3) the use of a diffusion synthetic acceleration scheme to accelerate the iterative
process in the Solver Module;

(4) direct (forward) or adjoint calculational capability;

(5) standard plane, two-angle plane, cylindrical or spherical geometry options;
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(6) arbitrary anisotropic scattering order;

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

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

(9) “diamond-differencing” for solution of the transpox:t equation;
(10) user flexibility in using both card-image or sequential file input;

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

(12) extensive, user-oriented error diagnostics.

ONEDANT is a large, very flexible code package. Great effort has been devoted
to making the code highly user-oriented. Simple problems can be easily run and
many of the code options can be ignored by the casual user. At the same time
numerous options for selective and sophisticated executions are available to the
more advanced user. In all cases, redundancy of input has been minimized, and
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 pack-
age. Included are sections on programming practices and standards, code package
structure, and functional descriptions of the three principal modules comprising the
package.

Chapter III provides a brief development of the multigroup, discrete-ordinates
form of the diamond-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 method.

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 II, 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 files 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.







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-
mittee on Computer Code Coordination (CCCC)3* have 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 programming practices and standards used
in ONEDANT.

1. Language. The programming language is standard FORTRAN 77 as defined
by the ANSI standard X3.9-1978.°

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 filles 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 AAFLUX. 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, ADJMAC, 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 1.
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A segmented structure is used in ONEDANT for implementing the modules.
Such a structure involves the use of a main driver together with input, solver, and
edit segments.

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

The first segment constitutes the Input Module. It is structured into a driver
routine, INPT10, plus twelve secondary sections as shown in Table 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,
OUTT30, 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 L

Card Image Input and Files Read and Produced by ONEDANT Code Package

¢ available only at Los Alamos
5 requires an RMFLUX file from the Solver

IT-4

O = Optional
A = Always
Kind of File or Input Module Solver Module Edit Module
Information Cards Read Produce | Read Produce | Read Produce
Geometry GEODST o) A A 0] A
Information Card Images 0
ISOTXS 0
GRUPXS 0
MENDF® 0
MACRXS/ADJMAC 0 A A
MACBCD o) 0]
Cross XSLIB 0
Sections XSLIBE o) 0
XSLIBF 0 0
BXSLIB 0 (0]
XSLIBB 0 [0)
SNXEDT A 0]
Card Images 0
Material NDXSRF/ZNATDN 0 A A 0
Mizing Card Images 0
Assignment of ASGMAT 0 A A 0 0
Mat’ls to Zones Card Images 0
Solver Module SOLINP 0] A A
Input Card Images 0]
Quadrature SNCONS 0) 0 A
Inhomog. FIXSRC 0 0 0
Sources Card Images 0
Edit Module EDITIT o) 0 A
Input Card Images 0
RTFLUX/ATFLUX A A 0
RAFLUX/AAFLUX )
Other RZFLUX 0
Output RMFLUX 0 0
Files FISSRC 0
RZMFLX 0°
EDTOUT 0
EDTOGX 0

—_————— e




Routine

INPT10

INPT11
INPT12
INPT13

INPT14
INPT15
INPT16
INPT17
INPTI18
INPT19
INP110
INP111
INP112

Routine
GRND20

INPT21
INPT22
INPT23
GRND24
GRND25
OUTT26
ouUTT27

TABLE IL
Structure of the Input Module.

Functiot

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 library forms

Controls mixing specification processing

Controls GRUPXS cross section library processing
Coatrols ISOTXS cross section library processing
Controls BXSLIB cross section library processing
Controls Solver Module input data processing
Controls Edit Module input data processing
Controls cross section balancing operation
Controls adjoint reversals

Controls GEODST file post processing

TABLE IIL
Structure of the Solver Module.

Function

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

Controls module initializations

Controls quadrature selection

Controls flux guess and inhomogeneous source processing
Controls calculational data preparation

Controls the outer iterations

Controls final Solver Module printing

Controls binary file preparation
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Routine
OUTT30

OUTT31
OUTT32

TABLE IV.
Structure of the Edit Module.
Eunction

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

Controls reaction rate calculations
Controls power normalization, edit zone averaging, and
output file preparation




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
activity may require a certain degree of data processing. Each of these activities is
discussed below.

In performing the reading-of-input-data activity, the Input Module accepts 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-compatible form, and creates the
resulting GEODST file. On the other hand, if the geometry-related information is
supplied by the user through an already existing GEODST file, the Input Module
is required to do nothing.

A second, more complex, example of the function of the Input Module involves
the 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 ADJIMAC
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 computation time involved. The ONEDANT Solver Module
employs the diffusion synthetic acceleration method developed by Alcouffe,” 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 files together 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 are a 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
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.
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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 files but which generally requires manipulating or
processing of the data. An example of the edit-output is a microscopic reaction-
rate distribution, 0@, where ¢ is a particular 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 file and a scalar flux file are required to be recovered and rnultlphed and
the product printed.

The Edit Module is an essentla.lly 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 L.
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.

IT-9







III. GENERAL DEVELOPMENT OF THE 1-D Sy EQUATIONS

This chapter provides the development of the one-dimensional, multigroup,
discrete-ordinates, diamond-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 iterations.

A. Development of the Multigroup, Discrete-Ordinates Form of the
Transport Equation

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

v 'Q.'»b (7', EsQ.) + 0’(T,E)¢(T‘, E,Q)

= / / dE'dQo, (r,E' - E,Q- Q)¢ (r, E', Q)

(1)
+ 4—11r / / dE'dYx (r,B' - E)voy (r, E') 4 (r, E', Q)

+Q(rEQ) ,

where ¢ (r, E,Q) is the particle flux (particle number density times the particle
speed) defined such that v (r, E,Q) dE dr d is the flux of particles in the energy
range dE about E, in the volume element dr about r, with directions of motion in
the solid angle element d2 about . Similarly, Q (v, E,Q) dE dr dQ is the rate
at which particles are produced in the same element of phase space from sources
that are independent of the flux ¢.  The macroscopic total cross section is o, the
macroscopic scattenng transfer probability, from energy E' to energy E through a
scattering angle Q - @', is 04, and the macroscopic fission cross section is of. All
of the qua.ntltxes may be spa.tlally dependent. The number of particles emitted
isotropically ( 4,‘,) per fission is v, and the fraction of these particles appearing in
energy dE about E from fissions in dE' about E' is x (r, E' — E).

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 k.sf. 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.
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TABLE V
FORMS OF V- Q

Dependence Definition
Geometry of of Variables V-
Plane P(z, p) p==éz-9 p%g
or E=(1- ;12)1/2 cos¢

Wz, md)  n=(1-pu2)"sing
Cylindrical P(r, 1,m)

il
1

r‘ﬂ
z'g

]
(L}

Iy

§
B 2(;!’)_1 Qg%/’l

n=(1-€)"? sing

= (1—62)1/2 cos ¢

. - a(r? d8f(1-u?
Spherical $(r, 1) p=t-Q 4 2029) 4 1 0]
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1. Particular Forms of the Divergence Operator. The form of the di-
vergence operator V - Qi or (£ - 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, E, Q) is assumed indepen-
dent of the azimuthal angle ¢ so that the angular dependence is reduced to the y
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 u — ¢, (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 polynominal
expansion of order ISCT

T 2L +1
B -52-9)= Y (EX)er-nr@e . @
L=0

If this expansion is inserted into Eq. (1) and the addition theorem for spherical
harmonics used to expand P, (Q’ Q) the scattering source becomes

// dE'dQY o, (r,E' — E,_Q-Q') P (r, E',Q’) =55

ISCT
- [y () e

L=0

1 2x

{Puw [ [ a8 Pe () (B, 8) 3)
L -

+2,§Ef+,’}§11’£‘(>/ [ aer w)

cos K(¢—¢")¢ (r,E, l"a¢l)} J

where for cylindrical geometry we must replace the u variable with ¢. Using the
relation cos L(¢ —¢') = cos Lécos L¢' + sin L sinL¢', we can write Eq. (3)
as
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1sCcT

ss= [ a8 3 @0k (B - B) Pl ()
2 L=0
L
+ E 2((LL+ If’{))' [¢g,L (r, E") PLI((II) cos K¢ (4)

+ 6% (r, E") PE () sin K¢]} :

where we have defined the moments of the angular flux as

1 ! i ! ! 1 !
BV =g [ [T @ PYEERY) L )
! 1 ! ! 2r / T B t [
68,08 = [ [ a8 v (B 8) PE () cos K6 (o1

1 2x
BB =g [ d [ a8 (B8 PE W) sim K6 (50)

In both standard plane and sphenc Igeornetrles due to symmetry in the azimuthal
angle ¢, the flux moments ¢C 1 and ¢ | are identically zero. In cylindrical geometry
(W1th ¢€,¢ replacing u, ' in Egs. (4) and (5)), the odd moments (K+L=o0dd) of
¢C ¢ vanish as do all the sine moments ¢5 1 In the two-angle plane geometry all
moments must be retained.

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

NM
SS = / dE' Y (2L +1)ok (r,E' = E) Ra(@da (W E) ,  (6)

n=1

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,() are
the spherical harmonics appropriate to the particular geometry, and the ¢y (r, E)
are the angular flux moments correspondmg to the Rn(Q) The index L in Eq. (6)
is the subscript of the Legendre function P appearing in the appropriate R,,(Q_)
0 < L < ISCT. The R,(f) are listed in Table VII for typical Legendre expansion
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orders. For each R,(f2) in the table is a corresponding flux moment defined by
Eq. (5a), (5b), or (5¢) 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,) can be represented as a finite expansion using the spherical harmonics
R, (Q2) defined in Table VII. First, the inhomogeneous source moments are defined
for a Legendre expansion order IQAN:

1 2x
du | déQ(r,E,Q)Pr(s) , L=0,...,IQAN , (7a)
1 0

QL(T,E)EZ]-;; /

. 1 2x
Q&Ar,E)E% / dy d6Q(r, B, Q)P (1) cos Ko |
-1 0 (7b)
L=0,...,IQAN K=1,...L |
K 1 1 2x
QfunBy= [ du [ 4@ EQPf(wsin Ko . (7o)
-1 0

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

NMQ

Q(r,E,Q)= Y (2L+1)Ra(Q)Qu(r, E) (8)
n=1

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,(R2) are the spherical harmonics appropriate to the geometry being used, and the
Qn(r, E) are the angular source moments corresponding the the R,(2). The index
L is the subscript of the Legendre function PLK appearing in the appropriate R,(£2),
0< L <IQAN. The R,(Q) are listed in Table VII for typical Legendre expansion
orders. For each of these R,;(f2) is a corresponding source moment defined by
Egs. (7a), (7b), or (7c), as appropriate.

4. Discretization of the Energy Variable-the Multigroup Approxima-
tion. The energy domain of interest is assumed to be partitioned into NGROUP
intervals of width AEg,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 Egs. (6) and (8), we get
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TABLE VI
NUMBER OF SPHERICAL HARMONICS, N, AS A ‘
FUNCTION OF LEGENDRE EXPANSION ORDER, L,

. N (see below)
Standard Plane Two-Angle

and Spherical Cylindrical Plane
L, Geometries Geometry Geometry
0 1 1 1
1 2 2 4
2 3 4 9
3 4 6 10
4 5 9 25
5 6 12 36
L,+1 for standard plane and spherical geometry

N={(L,+ 2)2 /4 for cylindrical geometry
(Lo + 1)2 for two-angle plane geometry
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TABLE VII
' SPHERICAL HARMONICS, R, (), FOR DIFFERENT GEOMETRIES
FUNCTION OF LEGENDRE EXPANSION ORDER, L,

Standard Plane
and Spherical Cylindrical Two — Angle
Geometries Geometry Plane
N pe pe Pe
1 Po(p) Po(§) Py(u)
2 Py(p) P[(£) cos¢ Py(p)
3 Py(p) Py(¢) Pl(p) cos¢
4 Ps(p) X3 P2(¢) cos24 Pl(p) sing
5 Py() Y P}(¢) cos Py(p)
6 Py(y) YO PYE) cosdp  f PY(u) coss
7 Py(¢) 2 P}(u)sin
8 -’g P}(£) cos2¢ 3@ Pi(p) cos2¢
. 9 B PHE) costd B P(p) sin2¢
10 Ps(p)
11 & P} ()cosd
12 Y8 P}(u)sing
13 JQP:,Z(;L)CO.&%S
14 I3 P2(4)sin2
15 Y10 p3(4)cos3¢
16 X0 p3( 1)) sin3¢

Py, denotes L** order Legendre expansion.
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NGROUP NM

V - Qihg(r, Q) + 0g(r)bg(r, ) = Z Z (2L + 1)03121._.931;(5_2)&1:,};(7‘)

h=1 n=1
. (9)
NGROUP . NMQ B
+ 3 (v08) XueyP1a(r) D (2L + D)Ra(Q)Qny(r)
h=1 n=1
forg=1,2,..., NGROUP. Here the “group flux”
bo(r,Q) = / ¥(r, B, Q)dE (10)
AE,

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 Sg¢(r,2). 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 representation results in no loss of generality. Equa-
tion (9) is thus written, with the group index omitted.

V- Q(r, Q) + o(r)e(r,2) = 5(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 Sy method, and the number of quadrature directions, MM, is a function of
both the Sy order and the geometry, as shown in Table VIIIL. In discretizing the
angular domain §J, each of the quadrature points, or directions, is characterized
by the subscript m and corresponds to direction ,,. The quadrature weight, wm,
corresponds to the differential area on the unit sphere normalized to unity, i.e., wn
is analogous to dQ0;, /4. In such a manner the weights, wm, are normalized so that

 wm=1 . (12)




The angular flux for direction m at space point r is denoted 1,,(r) and represents
the average angular flux in directions df2,, about Q. at space point r. The scalar

flux at space point r, ¢o(r) = $1(r), is simply
MM

$o(r) =D WmPm(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(u, ¢) becomes () and
df} becomes 2wdy. The angular interval pe [-1,1] is discretized into MM quadrature
points u;m and associated weights wy, ordered as shown in Fig. 4. Note that the
weights, wm, correspond to dym/2 for this geometry. The angular flux moments,
given by Eq. (5a), are approximated by

MM

$1(2)= ) wmPr(im)¥Ym(z) (14)

m=1

TABLE VIII
NUMBER OF QUADRATURE POINTS, MM, AS A
FUNCTION OF Sy ORDER, N

N MM
Standard Two-Angle Cylindrical Spherical
Plane Geometry Plane Geometry Geometry Geometry
2 2 8 2 2
4 4 24 6 4
6 6 48 12 6
8 8 80 20 8
12 12 168 42 12
16 16 288 72 16
N N N . (N +2) NAN-+2) N
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Starting direction
X. 1 2 3 | 4 5 6 |

-1 0 +1

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

2 Storting
dirsctions 3

Fig. 5. Ordering of Sg directions in cylindrical geometry.
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Fig. 6. Ordering of S4 directions in two-angle plane geometry. The ordinates
in the octant 4, < 0,7 > 0 are not shown.

The discrete-ordinates approximation to the transport Eq. (11) becomes

i 222 1 o(2)pm(z) = Smlz) - (15)

b. Two-Angle Plane Geometry. For two-angle plane geometry the entire
unit sphere of directions is discretized into MM quadrature points (um,dm) and
associated weights ordered as shown in Fig. 6. The weights, wpm, correspond to
dQm /47 for this option. The angular flux moments, given by Egs. (5a)-(5¢c), are
approximated by

MM
$1(z)2 Y wmPL(4m)¥m(z) (16a)
m=1
MM
$&1(2)= Y wm¥m(2)Pf (4m) cos Kém (16b)
m=l .
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MM
$51(z) = ) wm¥m(@)PE (km) sin K¢m (16¢)

m=1

- 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 multigroup transport Eq. (11) may be written

J2Ar8) )

e 86 +royp =rS(r,Q) , 17)

where ¢ = ¥(r, Q).

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 (£tms Mm)
and associated quadrature weights wm,. The ordering of these quadrature points
is illustrated in Fig. 5 for an S¢ quadrature. As before, ¥ ()¢ (7, tim, 7m) rep-
resents the average angular flux in dQ,, about Q,, and the angular flux moments
for direction m are given by Egs. (16a)-(16b). In addition, it is necessary to de-
fine angular-cell-edge fluxes on a given ¢-level as v, _, /2(r) and Ypmiq/2(r). The
discrete-ordinates approximation to Eq. (17) can then be written:

a m m
HEm (gf )+ (a +1/2) Ymt1/2(r)

Wm

(18)

~ (am_uz) Yme1/2(r) + 70%m(r) = rSm(r)

W

where the a,_;/; and @y, 1/, are angular coupling coefficients. These coefficients
satisfy the recursion relation

An41/2 — Am-1/2 = ~Wmlm (19)

with the requirement that the first (a; /2) and last (apry /2) 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 (%Ttnl-/-z-) and a"'T:Q) are
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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o (r? o[(1—p?
e i B (20)
where azimuthal symmetry in ¢ (see Fig. 3) has been assumed. The angular domain
pe[—1,1] is discretized into MM quadrature points g, and associated weights wn,.
Note that in spherical geometry, like standard plane geometry, the w,, correspond
to dum /2. The ordering of the quadrature points is illustrated in Fig. 4. As before,
Ym(r)= (7, 4m) represents the average angular flux in dQn (= dum) about @,
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 ¥, _1/2(r) and Y p1/2(r).
The discrete-ordinates approximation to Eq. (20) is then written as

a(r? m m m-—
”m_(T:b__) + [(%ﬁ) Ym1/2(T) — (ﬂ 1/2) 1/)m—1/2(7”)] r

m Wm

(21)
+ rzm,bm(r) = 1'25',,.(7') ,

where the angular coupling coefficients # must satisfy the recursion relation

'Bm+1/2 - ﬂm—1/2 = —2Wmpm , m=1,....MM (22)

with the requirement from particle conservation that the first (B, /2) and last
(,3 MM+1 /2) coefficients must vanish. It can be shown® 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 (ﬂ'z"—ut;ﬁ) and

(%B) are printed out under the headings BETA PLUS and BETA MINUS,
respectively.

e. Starting Directions. For the curved geometries discrete-ordinates Egs. (18)
and (21), there are three variables to be determined at each space position, r:
the angular-cell-edge fluxes ¥,,_;/2(r) and ¥p,41/2(r) and the average angular flux
Ym(r). The y_y/2(r) flux can be assumed known (except for 31/5(r)) from the
previous angular mesh-cell computation and assuming continuity at the angular
mesh-cell boundaries. The standard diamond-difference® assumption in angle is
made to relate the Y4177 to ¥, namely,

bmlr) = 5 Womera) + Yo (23)

Using Eq. (23) to solve for ¥4/, and substituting the resulting expression into
Eq. (18) or (21), there remains but one equation for the one unknown ¥, (r).
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The assumption that ¥,,_y; is known is correct except for m = 1 for which
an initial, or starting, condition is required. To achieve this, ONEDANT uses
special, zero-weighted starting directions in spherical and cylindrical geometries to
calculate 9;/5(r). For spherical geometry this starting direction is the straight-
inward direction g = ~1 for which the term (1 — p?) 1 in Eq. (20) vanishes. This
yields a special form of Eq. (21) which can be solved for 1;/5(r). For cylindrical
geometry, as shown in Fig. 5, starting directions corresponding to ordinates directed
towards the cylindrical axis, n = 0,% = 180°, are used for each ¢-level to yield
special equations for ¥;/5(r) on each £-level.

8. Discretization of the Spatial Variable. The spatial domain of the prob-
lem is ultimately partitioned into IT fine-mesh intervals of width Az4,¢ =1,2,...,
IT such that Az; = i1/, —;_1/2- Subscripts with half-integer values denote inter-
val boundaries, and integer subscripts denote interval average, or midpoint, values.
It is assumed that z;/ > z; > z;_1j. With such a partitioning, space deriva-
tives are approximated by finite differences and, typically, the resulting equations
are cast in forms using interval, or mesh, average fluxes, sources, etc.

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

. ” (¢m,i+1/2,g - 1/’m,i—1/2,g)

oz~ ™™ Az; (24)

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

1 -
zbm,i,g = § [¢m,i+l/2,g + ’/’m,i—l/?,g] . (20)
Note that the average scalar flux for group g in mesh interval i is

MM

big = Z 'wm"xbm,i,g . (26)

m=1
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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 Alcouffe,’ 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 £. Isotropic scatter is assumed only for simplicity. The basic
inner iteration equation is written

Q- V"/}: (r,Q)+ %(r)l?)ﬁ (r,Q)= f"a.y~9(r)¢§_l(r) +QQy(r) . (27)

In Eq. (27), % (r,L) is the angular flux for group g at the £** inner iteration us-
ing a scalar flux ¢§‘1(r) assumed known 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 scattering and fission contributions to the
group together with any inhomogeneous source. The source is computed using the
multigroup scalar fluxes and moments from the previous outer iteration. In the
diffusion synthetic method, a corrected diffusion equation is used to determine the
scalar flux ¢, needed for the next iteration. In actual fact, there are three separate
schemes for writing the corrected diffusion equation to be used: the source correc-
tion scheme, the diffusion coefficient correction scheme, and the removal correction

scheme. For the source correction scheme we write the corrected diffusion equation
as

=V - Dy(r)Vi(r) + org(r)85(r) = QQqe(r) — Ri(r) (28)
where

1
3Ugr,g

Dy(r) = (r) » oRg(r) =04(r) = 0sgg(r)

and the correction term is

Ri(r) =V Jir) + V- Dy(r)V(r) . (29)

In Eq. (29),
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By = [ awdie) T = [ angitee) (30)

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
W1thout the tilde.

The source correction scheme for the inner iteration proceeds as follows: using
¢g, known from the previous iteration, Eq. (27) is solved for zl:g This involves one
sweep through the space-angle mesh. The correction term, R‘ is then calculated
using Eqgs. (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 smtable 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 £ = 0 by setting R, to zero.

It is easy to show that if the iteration converges, it converges to the transport
equation solution. Namely, drop all £ superscripts and set the transport scalar flux
to the corrected diffusion scalar flux, ¢; = ¢,. Then substituting Eq. (29) into
Eq. (30) yields

V- Jg(r) + org(r)de(r) = QQ,

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 groups using Egs. (27), (28), and (30) to obtain the group converged correction
terms 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 k** outer iteration:

— V- Dg(r)Vit(r) + ony(r)gEti(r) = Qy(r) — Ri(r)

(31)
+ Xg Z Vafg’(r)¢k+1(r) + Z Os,g'—g(T) ¢k+1(r)

g'= g#9

The source correction scheme outlined above for using the diffusion synthetic
method 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 2,(r) as
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__ )
2,0 =575 (32)

so that Ry(r) = O for all r and g. Then with Q4(r) = 0, the inner iteration
diffusion equation becomes

—V - 2E7N(r)  VL(r) + oRg(r)6L(r) = QQy(r) (33)

and the multigroup (outer iteration) diffusion equation becomes

G
~ V- 25(r) - VkHU(r) + op g (r)phHi(r) = kxf”f Y vosg(r)ghti(r)
€ ,_1

(34)
+ Z Os,g'—g(T) ¢I;I+l(7') )

g'#9

where k. 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 ONEDANT, 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 diffusion coefficients are possible (see Eq. (32)). If this occurs, Eq. (33)
cannot be solved using current techniques. To overcome this difficulty, the removal
correction scheme is employed. A corrected removal cross section is defined as

Ry(r)
B5(r)

Fho(r) = opg(r)+ , (35)

where Rg(r) is defined by Eq. (29). With this, the diffusion synthetic method is
modified and Eq. (28) becomes

V- Dg(r)VqS;(r) + &f{’gl(r) = QQy(r)
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and Eq. (31) becomes

= V- Dy(r)V g+ (r) + 3541 (r) g+ (r)

Xg (30

kess

G
Z Vaf,gl(f)qslgc;*—l(r) + Z O's,g‘—aq(") ¢’;;H(7')

g'=1 9'#g

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 correction scheme produces negative or infinite diffusion 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 containing 80 columns into which ASCII characters may be written one
per column.

A. Free-Field Input
1. Card-Image Ground Rules
(a) Eighty (80) columns available.

(b) No special columns; that is, no column is treated any differently than
any other column.

2. Delimiters (Separators) and Terminators

(a) Data Item Delimiter (Separator): one or more blanks, a comma, or end
of card:

Note: Hereafter, when an item is referred to as being delimited, for
example, delimited T, it means that the item must be separated from

other data items by a blank, comma, or end of card.

(b) Card Terminator: Slash (/), 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 contain from one to eight characters.

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

(c) Hollerith data words may be delimited with double quotes to override (a)

and (b) restrictions. For example, PU/239 is not allowed, but "PU/239”
is allowed.

5. Array Identiflcation 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, 0.10 0.05 0.0 .

(b) Within a given Block, arrays may be 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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