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‘ USER'S MANUAL FOR ONEDANT:

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

by

R. Douglas 0'Dell, Forrest W. Brinkley, Jr., and Duane R. Marr

ABSTRACT

1. Program Identification: ONEDANT

2. Computer for which Program is Designed: CDC-7600, but the program has been
implemented and run on the IBM-370/190 and CRAY-~I computers.

3. 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 £f and eigenvalue
search) problems subject to vacuum, reflective, perioglc, white, albedo,
or inhomogeneous boundary flux conditions are solved. General aniso-
tropic scattering is allowed and anisotropic inhomogeneous sources are
permitted.

4. 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 al-
gorithm. 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 accele-
ration method.

5. Restrictions: The code is thoroughly variably dimensioned with a flexible,
sophisticated data management and transfer capability. The code is
designed 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 hierachy 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 are

‘ sufficient to eliminate the need for using random-access storage.
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6. Running Time: Running time is directly related to problem size and to cen-
tral processor and data transfer speeds. On the CDC~7600 a 70 energy-
group, S. ., P, scatter, 40 space-point eigenvalue problem requires
about 40 sec TPU time.

A 42 energy-group, SS’ P, scatter, 121 space~point fixed-source problem
requires about 30 sec CPa time on the CDC-7600.

A 1 energy-group, S 8 PO scatter, 307 space-point fixed-source problem
requires from 2 to é sec CPU time on the CDC-7600.

Generally, then, on the CDC-7600, the running times for ONEDANT will
range from a few seconds to 1 or 2 minutes.

7. Unusual Features of the Program: The ONEDANT code package is modularly struc-
tured in a form that separates the input and the output (or edit) func-
tions from the main calculational (or solver) section of the code. The
code makes use of binary, sequential data files,called interface files,
to transmit data between modules and submodules. Standard interface
files whose specifications have been defined by the Reactor Physics
Committee on Computer Code Coordination are accepted, used, and created
by the code. A totally new free-field card-image ipput 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 exist for short-word and long-word computers.

8. Programming Languages: The program is written in standard FORTRAN-IV
language.

9. Machine Requirements: Six Input/Output units and up to 14 interface units
are required. The number of interface units needed is problem depen-
dent. Typically, 10 such units are used. For CDC-7600 computers a
50 000 word small core (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 partitioning into an SCM and simulated
LCM. Random-access auxiliary storage may occasionally be required if
LCM (or simulated LCM) storage is insufficient for the problem being
executed.

10. Material Available: Source deck (about 30 000 card-images), sample problems
and this manual have been submitted to the Argonne Code Center and to
the Radiation Shielding Information Center.
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I. INTRODUCTION

The ONEDANT code package is a modular computer program designed to solve
the one~dimensional, time-independent, multigroup discrete-ordinates form of
the Boltzmann transport equation. The modular construction of the code package
separates the input processing, the transport equation solving, and the post-
processing, or edit, functions into distinct, independently executable code
modules, the INPUT, SOLVER, and EDIT modules, respectively. These modules are
connected to one another solely by means of binary interface files. The INPUT
module and, to a lesser degree, the EDIT module are general in nature and are
designed to be standardized modules. With these modules, different new pro-
duction codes can be created simply by developing different SOLVER modules
that can be "plugged in" to the standardized INPUT and EDIT modules. ONEDANT,
employing a one-dimensional, time-independent transport equation SOLVER module,
is the first production code to be issued by Los Alamos using this modular
construction. Some of the major features and improvements included in the
ONEDANT package are:

(1) a totally new, free-field format card-image input capability designed

with the user in mind,

(2) highly sophisticated, standardized, data- and file-management techni-
ques as defined and developed by the Committee on Computer Coordina-
tion (CCCC) and described in Ref. 1; 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 plame, cylindrical or spherical geometry
options,

(6) arbitrary anisotropic scattering order,

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

(8) inhomogeneous (fixed) source or kef calculation options as well as

f
time-absorption (alpha), nuclide concentration, or dimensional search
options,

(9) '"diamond-differencing" for solution of the transport equation,
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(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. 1In 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
package. Included are sections on programming practices and standards, code
package structure, and functional descriptions of the three principal modules
comprising the package.

Chapter III presents the card-image input format rules for the user.

Chapter IV 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, III, and IV should be read by all first-time users of ONEDANT.

Chapter V provides the interested user with details related to the input
for ONEDANT. Included is a brief development of the multigroup, discrete-
ordinates form of the diamond-differenced Boltzmann transport equation. This
section is followed by numerous sections providing specific detailed infor-
mation needed by the user to fully understand some of the input options and

input arrays. The chapter supplements the information presented in Ch. IV.
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Chapter VI gives details related to the actual execution of the SOLVER
module. Described are the iteration strategy, convergence criteria, termina-
tion criteria for the iterative loops, and the iteration monitor print provided
by the code.

Chapter VII is devoted to details related tq the EDIT module of the code.
Both input and execution-control options for this module are described in
detail. This chapter supplements information pertaining to the EDIT module
provided in Ch. 1IV.

In Chapter VIII is a discussion of some of the more sophisticated options
available to the advanced user for controlling the execution of modules and
submodules in ONEDANT.

Chapter IX presents a discussion of the error diagnostics available in
ONEDANT. Several examples of errors and the resulting error messages are
provided for the user.

Two 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. 1.

Appendix B provides several sample problems for the user.
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IT. 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 Boltz-
mann 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 prac-
tices 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

Committee on Computer Code Coordination (CCCC)I’2

have been followed throughout
the development of ONEDANT. By following these practices and standards, problems
associated with exporting and implementing the code in different computing en-
vironments 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 as defined by
the ANSI standard X3.9-1966.°

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 trans~

mit data between and within its modules. These interface files are binmary, se-
quential data files., Standard interface files are interface files whose struc-
ture 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, RAFLUX, and AAFLUX. File descriptions for these files are pro-
vided in Ref. 3.
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SNXEDT, ADJMAC, SOLINP, EDITIT, and ASGMAT. File descriptions for these files

are provided in Appendix A.

The following code-dependent interface files are used in ONEDANT: MACRXS, ‘

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 sophis-

ticated 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. 1.

For multilevel data transfers using random (direct)-access files, the CCCC
procedures 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. 1.

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. ’
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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 Fig. 1. On the far left of the figure are indicated all the interface files
accepted as input to ONEDANT while on the far right of the figure are shown all
interface files that may exist at the end of a ONEDANT code execution.

A three-level overlay structure is used in ONEDANT for implementing the
modules. Such a structure involves the use of a main overlay together with
primary and secondary overlays.

The main (or 0,0) overlay contains the main program routine, which controls
the calling of the primary overlays, together with those service subroutines
used by more than one primary overlay.

The first overlay constitutes the INPUT module. It is structured into
the first primary (or 1,0) overlay plus ten secondary overlays as shown in
Fig. 2. Each of the secondary overlays performs a unique function,so that the
INPUT module itself is constructed in a modular form.

The second overlay constitutes the SOLVER, or calculational, module. It
consists of the second primary (or 2,0) overlay plus seven secondary overlays
and is depicted in Fig. 3.

The third overlay is the EDIT module. It currently comsists of the third
primary, or (3,0), overlay plus a single secondary overlay.

A fourth overlay is used in ONEDANT. This overlay contains only the fourth
primary, or (4,0), overlay with two subroutines. This fourth overlay 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

overlay is not considered to be a module in the sense of the first three overlays.
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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 include the reading of input data and the creation of binary interface
files. The latter activity may require a certain degree of data processing.
Each of these activities is discussed below.

In performing the reading-of-input-data activity, the INPUT module accepts
standard interface files (binary), code~dependent binary interface files, or
card-images for its input. These are shown in Fig. 1. As is indicated on the
figure, 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 IV and V 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 shown in Fig. 1 and take the form
of either CCCC standard interface files or code-dependent interface files.

In this file-creation activity the INPUT Module is called on to perform several
types of tasks. As an example, the only form in which geometry-related infor-
mation emerges from the INPUT module is in the form of a GEODST standard imter-
face 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.

Fig. 1 indicates these two options and the resulting GEODST file. A second, more
complex, example of the function of the INPUT module also serves to illustrate
the use of Fig. 1. This example 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 specifica-
tions 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 Fig. 1. These two files appear

11-6




as output from the INPUT module. Assuming next that the isotope cross sections
are provided by the user as a card-image library, the INPUT module reads this
library (in isotope-ordered form) and also reads the just-created NDXSRF and
ZNATDN files. The mixing specifications provided by the latter files are
applied to the isotopic cross-section data to generate Material cross sections,
which are written, in group order, to a code-dependent binary file named MACRXS.
(A group-ordered file named SNXEDT for use by the EDIT module is also created
at this time but will not be considered in this example.) The MACRXS file
becomes the sole source of cross-section data to the SOLVER module if the
SOLVER calculation is to be a forward, or regular, calculation. If an adjoint
calculation is to be performed by the SOLVER, the INPUT module re-reads the
MACRXS file, performs the adjoint reversals on the cross sections, and creates
the code-dependent binary file named ADJMAC containing the adjoint-reversed
Material cross sections for use by SOLVER. These steps are all indicated

schematically in Fig. 1.

D. SOLVER Module
The SOLVER module of ONEDANT has the function of effecting numerical solu-

tions 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,5 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

QW (£, + o () Yo (1, =0 (60 () + Q) W
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In Eq. (1), ¢ (r,Q) 1s the angular flux for group g at the 2£th inner iteration

using a scalar flux ¢ (r) assumed known at each inner iteration. QQg 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 ¢g needed for the next iteration.
In actual fact, there are three separate schemes for writing the corrected
diffusion equation to be used: the source correction scheme, the diffusion
coefficient correction scheme, and the removal correction scheme. For the source

correction scheme we write the corrected diffusion equation as

-V-D (r) V¢ () + Or (r) ¢ (r)

QQ, (x) - R’;(r) , 2)

where

o () -0 (r)

Dg(r) = 1/30 (r) , GR,g(r) 2 s, g8

tr,g

and the correction term is
2 ~ ~g
R = V-Jz + VD \y/ . 3
g(r) g(r) g(r) ¢g(r) (3)
In Eq. (3),

) g _ 4
fdQ 4’g(r,9) ’ Jg(r) = fdQ Q‘l‘g(r,g) . 4)

Note that a tilde is used to indicate quantities calculated using the transport
angular flux, mg, while the scalar flux calculated from the corrected diffusion

equation is without the tilde.
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The source correction scheme for the inner iteration proceeds as follows:
using ¢§_1, known from the previous iteration, Eq. (1) is solved for mi. This
involves one sweep through the space-angle mesh. The correction term, Rz, is
then calculated using Eqs. (3) and (4) and, in turn, used in Eq. (2) 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. (2) with £ = 0 by setting R; to zero.

It is easy to show that if the iteration coverges, it converges to the
transport equation solution. Namely, drop all £ superscripts and set the trans-
port scalar flux to the corrected diffusion scalar flux, $g = ¢g. Then sub-

stituting Eq. (3) into Eq. (4) yields

V-3g(r) + oR,g(r) $g(r) =QQ.

which is the converged transport balance equation obtained also by integrating
Eq. (1) over all Q.

The second level of iteration, the outer iteration, consists of one pass
through the groups using Eqs. (1), (2), and (3) to obtain the group converged
correction terms RZ(r) and then to solve the multigroup corrected diffusion
equation to generate 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 kth outer iteration:

-9-D_(r) vq> ) + o (0 ¢ Loy = Q,(x) - R‘;m

*x, 2: v () oo + 2 : o giaglt) O () L ()

g'=1 g'#8
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The source correction scheme outlined above for using the diffusion synthetic

method is an effective scheme for inhomogeneous source problems. For eigenvalue .

problems, Eq. (5) must be homogeneous,and it is necessary to define a different

scheme for the diffusion synthetic method. The diffusion coefficient correction

scheme is one such scheme. In this scheme we redefine the corrected diffusion

coefficient Qg(r) as

3 (r)
(r) =- 22—, (6)
& Vg, (x)

[~

so that Rg(r) = 0 for all r and g. Then, with Qg(r) = 0 the inner iteration

diffusion equation becomes

ey V¢ (r) + op (r) ¢ (r) = QQg(r) > (7

and the multigroup (outer iteration) diffusion equation becomes

-vn (x) v¢ ORI ¢ Yy = —L Z vo, . (x) ¢k”()
g'=1

k+1 -
+§ Oy grag(¥) Oyt (0) (8

g'#8

where keff is the multiplication factor for the system. The same iteration

procedure is used for this diffusion coefficient correction scheme as for the

source correction scheme.
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For eigenvalue problems the diffusion correction scheme has been found to
accelerate the iterations as readily as the source correction scheme for
inhomogeneous 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. (6)]. If
this occurs, Eq. (7) cannot be solved using current techniques. To overcome
this difficulty, the removal correction scheme is employed. A corrected

removal cross section is defined as

_ k ~vk
Opg(™) = 0 (1) + RU(X)/G () (9

where R:(r) is defined by Eq. (3). With this, the diffusion synthetic method
is modified and Eq. (2) becomes

-v-D (r) Vq) () + 0 (r) ¢ (r) = QQg(r)

and Eq. (5) becomes

G
VD (r) Vo5 1(x) + 0k+1(r) ¢ L) = ——&— gt (0 ¢kf’1( )
g g eff
g'=1
E k+1
+ S gvag( ) ¢ ( ) M (10)

g'#g
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The iteration procedure is entirely analogous to that for the diffusion coef~
ficient correction scheme and, again, if it converges, it converges to the
transport balance equation solution. This removal correction scheme is

employed in eigenvalue problems or source problems with fission and/or upscatter
only when the diffusion coefficient correction scheme produces negative or
infinite diffusion coefficients.

As outlined above, the function of the SOLVER module is to effect numerical
solutions to the one-dimensional steady-state, multigroup form of tramsport
equation using the diffusion synthetic method to accelerate the iterative
convergence rate. The 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 shown in Fig. 1. 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.

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 contained on one or more interface files but which generally requires
manipulating or processing of the data. An example of the edit-output is a
microscopic reaction-rate distribution, 0¢, where 0 is a particular multigroup,
microscopic cross section for a particular isotope or nuclide and ¢ is the multi-
group 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, multiplied, and the product printed.
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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 Fig. 1. 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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ITI.

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 formats

followed by information for fixed-field FIDO input.

A.

Free-Field Input

1.

Card-Image Ground Rules

(a) Eighty (80) columns available.

(b) No special columns, i.e., no column is treated any differently

than any other column.

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, e.g., 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 mew array name or Block Terminator.

(g) Data Item Terminator: Data item delimiter (Separator) or any of

the above Terminators.

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.
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4. Hollerith Data Item Ground Rules

(a) Must begin with alphabetic character [see (c) below for exception] .

and may contain from one to six 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 over-
ride (a) and (b) restrictions. For example, PU/239 is not allowed
but "PU/239" is allowed.

S. Array Identification and Ordering

(a) To identify an array for which data entries are to be made, one
simply enters the appropriate array name, followed by an equal
(=) sign (no space between name and =) and then enters the
desired data, e.g.,
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 identifi-
cation is sufficient 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 en-
tered.

(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 con-
taining integer, real, or a combination of integer/real data entries. They are

NOT usable with arrays that may contain Hollerith data items.
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In free-field the data operators are specified in the general form

n$d
where
n is the "data numerator'", an integer or blank,
@ is any one of several "data operators' described in Table I, 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 may be 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 desired, input data for an array can be provided in a format specified
by the user. To specify the format for the input data to an array, the user
can use the characters U or V as follows:
U Operator - (1) Enter the array identification and follow this with
a delimited U.
(2) On the next card-image enter the desired format enclosed
in parentheses anywhere in columns 1-72.
(3) On the next and succeeding cards enter the data using
ordinary FORTRAN rules.
Example: CHI= U
(6E12.5)
data in 6E12.5 format
V Operator - has same effect as U except the desired format is not
entered, instead the format read in the last preceding

U array is used.
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TABLE I

FREE-FIELD DATA OPERATORS

In the table below an entry of — for either the data numerator or data entry in-

dicates that the item is not required for the particular data operator.

Data Data Date
Numerator  Operator Entry
n R d
n I d
n L d
- F d
n Z -

n S -

n A -

III-4

Remarks

REPEAT OPTION: Enter the data entry d n suc-
cessive times in the current data string.
Example: 3R 0.0 » 0.0 0.0 0.0

LINEAR INTERPOLATE OPTION: Enter the value d
into the data string followed by a n inter-
polated entries equally spaced between d and
the next data entry. Allowed for both real
and integer data although the spacing between
interpolated integer data points must be in-
teger. Example: 3I1, 5> 12 3 4 5 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 "I" except that the re-
sulting interpolates are equally separated in
log-space.

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

ZERO OPTION: Enter the value zero in the
data string n successive times. Example 4Z -
0000

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 nth 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 ex-
cept the 15th value which is to be unity.
This can be entered simply as

SOURCX= 100Z 15A 1.0




TABLE I (cont.)

. Data Data Date
Numerator Operator Entry Remarks

n Q m SEQUENCE REPEAT OPTION 1: Enter the last m
data entries into the current string in se-
quence n successive times. Example: 1 2 3
123 123 can be input at 1 2 3 2Q3

n G m SEQUENCE REPEAT OPTION 2: Same effect as "Q"
except the sign of each entry in the sequence
is reversed each time the sequence is repeated.
Example: 1 2 ~1 -2 1 2 can be input as 1 2
2G2.

n N m SEQUENCE REPEAT OPTION 3: Same effect as "Q"
except the order of the sequence is reversed
each time the sequence is entered.

n M m SEQUENCE REPEAT OPTION 4: Same effect as "N"
except that the sign of each entry in the
sequence is reversed each time the sequence
is entered. For example: 1 2 3 -3 -2 -1
1 2 3 can be input as 1 2 3 2M3.

n Y m STRING REPEAT OPTION: Enter the preceding
' m strings of data into the current array n
successive times. (For multistring arrays
only).

n X - COUNT CHECK OPTION: Causes code to check
the pumber 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 in-
put, and then the problem will be halted.
(Exror diagnostic aid.)

- E - END OF STRING OPTION: Causes pointer to skip

to the end of the current data string leaving
values of skipped data items unchanged.

III-5



C. Fixed-Field FIDO Input

1. Card-Image Ground Rules

(a) Seventy two (72) columns available.

(b) Each card divided into six "fields" of 12 columns each.

(c) Each 12-column '"field" subdivided into three subfields con-
taining 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 re-

maining nine columns in each field).

2. Delimiters (Separators) and Terminators

(2) Data Item Delimiter (Separator): Field and subfield column
boundaries.

(b) 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.

(d) Array Terminator: New array identified in first and second
sub-fields of next field, or a Block Terminator.

(e) String Delimiter: Semicolon (;) in second subfield of any
field. Data subfield of that field is ignored.

(f) String Terminator: Semicolon or Array Terminator or Block

Terminator.

3. Numerical Data Ground Rules
a. Standard FORTRAN convention.
b. Data items entered in third subfield (the data subfield) in

each field only.

4, Hollerith Data Item Ground Rules
Hollerith data not allowed.
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5. Array Identification and Ordering

(a) To identify an array for which data are to be entered in the

fixed-field FIDO format, ome 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
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)

(b)

No explicit Block identification required. Array identifica-
tion 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.

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 I. In fixed-

field FIDO usage of these operators, however, the following rules must be

observed:

(i)

(ii)

(iii)

the "data numerator", if required, must be entered in the
first subfield of a field,

the "data operator" must be entered in the second subfield
of a field, and

the "data entry", if required, must be entered in the third
subfield of a field.
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IV. ONEDANT CODE PACKAGE INPUT SPECIFICATIONS

Card-image input to the ONEDANT code package consists of (i) Title
Card Control Input (always required) and subsequent Title 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 imput
followed by a Mini-Specification Sheet to be used as a quick reference for
the input BLOCKS and their contained data arrays. The third section pro-
vides a relatively detailed description of the input specifications.

A. Overview of the Specification of Input

The ONEDANT card-image input consists of a Title Card section followed
by six blocks of input. The blocks are:
BLOCK NAME PURPOSE

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

I1. Geometry Provides a description of the physical prob-
lem model geometry.

III. Cross Sections Provides the input Isotopic microscopic
cross sections.

Iv. Mixing Provide mixing instructions for forming
macroscopic 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.

V. Solver Input Provides input specifications and data for the
particular calculation to be effected by the
one-dimensional, multigroup, discrete-
ordinates, diffusion synthetic accelerated
Solver module.

VI. Edits 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 ome 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 im 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 con-

tain only a single string and can be thought of as one-dimensional arrays
or vectors. The term STRINGED ARRAY refers to any array containing more
than one string of data, i.e., 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 terminated 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, an 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
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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 remote terminals. Associated with the
free-field feature is the extension of 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.

A brief description of the manner in which input can be supplied follows.
A full description of the options available is presented in Ch V.

For each array there is associated both a Hollerith name (up to six
alphanumeric 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 pumber 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 is entirely
integer data and is to be entered in fixed-field FIDO format, the array
identifier for that array is the dollar ($§) sign; for a real data array
input in fixed-field FIDO format, the asterisk (*) array identifier character
is to be used. As an example, comsider the input for specifying the coarse-
spatial-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= 0, 10, 20, 30

Options are available to repeat data items, to produce numbers inter-
polated between two numeric data items, and to perform other more sophisti-

cated operations designed to reduce the volume of input. The interpolate
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option, for example, can be used in the preceding XMESH example input where
two equally spaced interpolation points can be placed between the entries ‘

0.0 and 30.0. Thus, the above example can be input as:
XMESH= 2I 0, 30 ,

where the data operator I denotes interpolation. As another example
of a commonly used operation, 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 III.

One additional option for the user available in ONEDANT involves the
inputting 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,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
contains the 5 control parameters IEVT, ISCT, ITH, IBL, and IBR. Suppose that
IEVT = 2, ISCT = 3, ITH = 1, IBL = 1, IBR = 0. Input can be provided as either

SOLIN= 2 3, 1, 1, 0 (using collective array name, SOLIN)

or

IEVT= 2, IBR= 0 , 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, e.g., 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 data entries, or by
using the names of the individual data members, each followed

by = and the data value, e.g., 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 appro-
priate array number and FIDO array-type indicator is shown in
parenthesis below the array name.

1 (TITLE CARD CONTROL 5 | BLOCK III: CROSS SECTIONS
316 Format
NHEAD ,NOTTY ,NOLIST LIB {1)
ING (1}
2 (TITLE CARDS
Eif NHEAD > 0) Following arrays used only if
LIB=ODNINP, XSLIB, OR BXSLIB
3 }BLOCK I: CONTROLS & DIMENSIONS CARDS (9] or MAXORD
— IEM
DIMENS {8] or IGEOM IHT
— NGROUP IHS
ISN IFIDO
NISO ITITL
MT 121P1
NZONE SAVBXS
M KWIKRD
IT
MAXI.CM (1] NAMES [N1S0]
NOEXEC [3] or NOFGEN EDNAME (IHT-3]
-— NOSOLV
NOEDIT NTPI [NISO)
(10 $)
NOFILE (7} or NOGEOD
=~ NOMIX VEL [NGROUP)
NOASG (11%)
NOMACR
NOSLNP EBOUND [NGROUP + 1}
NOEDTT (12%) T
NOADIM T

BLOCK II: GEOMETRY

Sa /Iff LIB= ODNINP
XMESH [IM + 1] insert BCD card-image
(1%) cross sections here.

XINTS [IM]

4$) 6 |BLOCK IV: MIXING.
ZONES [IM) PREMIX f{-;-]

(7%) T

MATLS [~;MT]
ASSIGN [-;NZONE]
ASGHOD {-;-}
cMoD (1)

MATNAM [MT]
ZONNAM [NZONE)

IV-5



Iv-6

BLOCK V: SOLVER INPUT

SOLIN {5] or IEVT

= 1scT
ITH
1BL
IBR
ITER [6} or EPSI
= EPSO
1ITL
I
OITH
ITLIM
MISC [7] or  BHGT
=  BvIH
NORM
INFLUX
INSORS
IQUAD
12ANG
SOLOUT {8] or FLUXP
XSECTP
FISSRP
SOURCP
GEOMP
ANGP
RAFLUX
BALP
CHI [NGROUP;M]
(20%)
DEN [IT]
(21%)
WeT [M]
(22%)
MU [MM)
(23%)
LBEDO [NGROUP}
(30%)
RBEDO [NGROUP)
(31%)
SOURCE [NGROUP;N] )
(40%)
SOURCX [IT;N]
(41%)
SOURCE {IT;M]
(44%)
L FIXED,
SILEFT [NGROUP] INHOMO. ,
(50%) SOURCES
SALEFT [K;NGROUP]
(51%)
SIRITE [NGROUP)
(52*%)
SARITE [K;NGROUP]
(53%) /
SEARCH [8) or IPVT
i
EV
EWM
XLAL
XLAH
XLAX
POD
RM [IM]
(27%) T

BLOCK VI: EDITS
PTED [1

ZNED (1]

POINTS [<IT]
(80%)

EDZONE {IT}
(83%)

ICOLL [NBG], NBG < NGROUP
(84%)

IGRPED {1]

BYVOLP [1]

ITH {1}

EDXS [< NEDT]

RESDNT {1]

EDISOS [< NISO]

EDCONS [< NISO]

EDMATS [< MT]

RSFNAM [M], M arbitrary

RSFE [NGROUP;M)
(85%)

RSFX [IT;H]
(86*)

XDF [IT]
(90%)

MICSUM [-]

IRSUMS [-]




C. TInput 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? 0/1 = Yes/No
(Default=0)
3 NOLIST Listing of all card-image input

with the output? 0/1 = Yes/No
(Default=0)

CARDS 2 through NHEAD+1: 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 & DIMENSIONS

{Always Required}

ARRAY SPECIFICATION ARRAY CONTENTS AND DESCRIPTIVE COMMENTS
Name Number [Length] Word Name Comments
{Present if}

DIMENS - [8] i Basic parameters for determining storage
{Always} 1. IGEOM Geometry: 1/2/3 = Plane/Cylind./Sphere

2. NGROUP  Number of energy groups

3. ISN S.. Angular quadrature order (even
number) :

4. NISO No. of "isotopes'" on basic input cross-
section library

5. MT No. of materials to be created

6. NZONE No. of geometric zones in problem (each
neutronically homogeneous)

7. IM No. of coarse spatial mesh intervals

8. IT Total no. of fine spatial mesh intervals

NOTE: A positive integer must be entered for each
of the above parameters.

MAXICM - [1] e Length of Large Core Memory (LCM)
{Optional} desired (Default = 5000010)

Note: THE FOLLOWING ARRAYS PROVIDE SPECIALIZED OPTIONS FOR THE MORE ADVANCED
USER (See Ch. VIII).

NOEXEC - [3] e Execution suppression flags.
{Optional} 1. NOFGEN  Suppress any further execution of the

INPUT Module, i.e., generate no files
(all desired files exist): 0/1 = No/Yes
(Default = 0)

2. NOSOLV  Suppress execution of SOLVER Module:
0/1=No/Yes (Default = 0)

3. NOEDIT Suppress execution of EDIT Module:
0/1=No/Yes (Default = 0)

NOFILE - 72 Interface file suppression flags.
{Optional} 1. NOGEOD Suppress the generation of a GEODST file

even though BLOCK II card input is
present: 0/1 = No/Yes (Default = 0)

2. NOMIX Suppress the generation of the NDXSRF and
ZNATDN standard interface files even
though mixing specification input
exists: 0/1 = No/Yes (Default = 0)

3. NOASG Suppress the generation of the ASGMAT
code-~dependent interface file even though
BLOCK IV material-to-zone assignment
input exists: 0/1 = No/Yes (Default = 0)
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BLOCK I (continued)

. NOMACR

. NOSLNP

. NOEDTT

. NOADJM

Suppress the generation of the MACRXS
and SNXEDT code-dependent interface
files even though cross-section and mix-
ing specification input exists: 0/1 =
No/Yes (Default = 0)

Suppress the generation of the SOLINP
code-dependent interface file even though
BLOCK V input exists: 0/1 = No/Yes
(Default = 0)

Suppress the generation of the EDITIT
code-dependent interface file even
though BLOCK VI input exists: 0/1 =
No/Yes (Default = 0)

Suppress the generation of the ADJMAC
code-dependent interface file even
though an adjoint calculation is called
for: 0/1 = No/Yes (Default = 0)
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BLOCK II:

GEOMETRY

{Required unless on existing GEODST file is to be used}

ARRAY SPECIFICATION
Name Number [Length]

ARRAY CONTENTS AND DESCRIPTIVE COMMENTS

Word Name

{Present if}

XMESH , 1*
{Always}

[IM+1]

XINTS , 4§ ,
{Always}

[1M]

ZONES , 7§ , [IM]

{Always}
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Comments

Coarse spatial mesh interval boundaries

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

NOTE:
I=1

XINTS(I) = IT

Zone number for each coarse—mesh interval
(The number 0 (zero) may be used to
specify that a coarse-mesh interval is a
pure void. A "0" does not count as a
zone.)




BLOCK III:

CROSS SECTIONS

ARRAY SPECIFICATION ARRAY CONTENTS AND DESCRIPTIVE COMMENTS

Name Number [Length] Word Name
LIB - (1] .t
{Always}
GRUPXS
ISOTXS
ODNINP
XSLIB
BXSLIB
MACRXS
LNG - [11 e,
{Optional}

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 BCD library supplied immed-
iately following this BLOCK III)
(Card-image BCD library supplied as a
separate file named XSLIB)

(Binary form of card-image, BCD library
as a separate file named BXSLIB)

(Use existing files named MACRXS for
SOLVER Module, SNXEDT for EDIT Module.
Under this option any remaining BLOCK
IIT input and, unless otherwise speci-
fied in BLOCK I, any PREMIX and MATLS
input in BLOCK IV will be ignored)

Number of the last neutron group in a
coupled neutron-photon library.

NOTE: THE REMAINING ARRAYS IN BLOCK III ARE USED ONLY IF THE SOURCE OF
CROSS-SECTION DATA IS ODNINP OR XSLIB.
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BLOCK III, continued

ARRAYS BELOW USED ONLY IF LIB= ODNINP OR LIB= XSLIB ‘
ARRAY SPECIFICATION ARRAY CONTENTS AND DESCRIPTIVE COMMENTS
Name Number [Length] Word Name Comments
{Present if}
CARDS - [8] o Basic parameters for card-image BCD
{Required} cross-section libraries. (Refer to

Chapter V for details)

1. MAXORD Highest Legendre order in scattering
tables {Required}

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

3. IHT Row number of total cross section in
table {Required}

4. IHS Row number of self-scatter cross sec-

tion in table {Default = IHT + 1}

5. IFIDO Format of cross-section library: 0/1/2 =
Los Alamos (DTF)/Fixed-Field FIDO/Free~-
Field FIDO {Default = 0}

6. ITITL Title card precedes each table? 0/1 =
No/Yes {Default = 0}

7. I2LP1 Higher order scatter cross sections con-
tain the 2L+1 factor, where L = Legendre
scattering order? 0/1 = No/Yes
{Default = 0}

8. SAVBXS C(Create and save binary form of card-
image library as file BXSLIB? 0/1 = No/
Yes {Default = No}

9. KWIKRD Process FIDO-format, card-image, BCD
library with fast processor at the
sacrifice of error checking? 0/1 = No/
Yes {Default = Yes}

NAMES - [NISO] .. One to six character, left-justified
{Optional} Hollerith name for each isotope in the
library {Default = ISOn where n is the
integer position of the isotope in the

library}
EDNAME - [THT-3] .. ioiiiinann... One to six character, left-justified
{Optional} Hollerith name for the edit positions in

the cross-section table (those positions
preceding oa) {Default = EDIT1, EDIT2,

etc.}
NTPI , 10$ , [NISO] ......civve.... Number of Legendre scattering orders for
{Required if scattering each isotope in the library. {Default =
order varies with Isotope} MAXORD + 1}
VEL , 11% | [NGROUP] ............... Particle speed for each energy group
{Required if doing o calculation;
see IEVT}
EBOUND , 12%, [NGROUP+1] ............. Energy boundaries for each group .
{Optional}
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BLOCK IV: MIXING
{Normally Required}

Input in this block describes the nuclide mixing that ultimately
creates the macroscopic cross~section sets that are assigned to the Zones
in the physical problem model.

The general procedure .nvolves 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 Zomes is achieved through the ASSIGN
and ASGMOD arrays described below. Additional optional input through the
arrays MATNAM, ZONNAM, and CMOD is also described.
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BLOCK IV, continued

PREMIX (Temporary Mixture) SPECIFICATIONS
{Optional}

FORM: PREMIX= PREID COMP, DEN, COMP, DEN, ... ;
a 1 1 2 2

PREIDb COMP3 DEN3 COMPI+ DEN4 e 3

where

PREIDa, PREIDb, etc., are unique Premix identifiers. IT IS
STRONGLY RECOMMENDED THAT PREMIX IDENTIFIERS BE ONE TO SIX
CHARACTER HOLLERITH NAMES BEGINNING WITH AN ALPHABETIC
CHARACTER!

COMPI, COMPZ, etc., are unique identifiers for the consti-
tuents 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, I(1 < I < NISO), in which case I refers to the
Ith isotope on the basic cross-section library. If the
component identifier refers to a premix, the identifier
should be the same as the premix identifier used when
specifying that premix.

DENI, DENZ, etc. are the atom demsities, 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}

Material specifications are input via the MATLS array in either of the

two following forms:

FORM 1:

FORM 2:

MATLS= ISOS

With this abbreviated form, "Isotopes" from the basic input cross-
section library (see BLOCK III) are directly designated as Mater-
ials 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.

NOTE: With 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!

MATLS= MATIDa COMP1 DEN1 COMP2 DEN2 cee 3 MATIDb COMP3 DEN3

COMP4 DEN4 ... ; etc,

where
MATIDa, MATIDb, etc., are unique identifiers for each of the
MT Materials to be specified. The MATID's 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 {dentifiers, the integer denotes the index or posi-

tion of the Material in the ordered list of MT (total number

of) Materials. Additionally, if integers are used for the

*see Chapter V.D. for exceptions
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BLOCK 1V, continued

MATID's, 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.)

NOTE: All Material identifiers (MATID's) must be of like
form (Hollerith name or integer).

COMPI, COMP2, etc., are unique identifiers identifying either
Isotopes from the basic library or Premixes to be used as
components or constituents of the Material identified by
the immediately preceding MATID. If the desired component
is an Isotope, then the component identifier, COMP, may
either be (i) the unique Hollerith 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 ordered list of Isotopes in the basic library. If
the desired component is a Premix, then the component
identifier, COMP, should exactly match the Premix identi-
fier used in the PREMIX array specifications.

DENI, DENZ, etc., are the atom densities, volume fractioms,
etc. associated with the immediately preceding components.
NOTE 1: EACH MATERIAL SPECIFICATION MUST BE SEPARATED

FROM THE NEXT BY A SEMICOLON (;).
NOTE 2: THERE MUST BE EXACTLY MT MATERIALS SPECIFIED.

FORM 2 SPECIAL FEATURE: The Material specification string characterized
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above by MATID COMP,, DEN,, COMP, DEN, ... ; 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.




