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ABSTRACT

This report documents the computer code block VENTURE designed to
solve multigroup neutronics problems with application of the finite-
difference diffusion-theory approximation to neutron transport (or
alternatively simple P;) in up to three-~dimensional geometry. It uses
and generates interface data files adopted in the cooperative effort
sponsored by the Reactor Physics Branch of the Division of Reactor
Research and Development of the Energy Research and Development
Administration. Several different data handling procedures have been
incorporated to provide considerable flexibility; it 1s possible to solve
a wide variety of problems on a variety of computer configurations
relatively efficiently. The programming in Fortran is straightforward,

e although data is transferred in blocks between auxiliary storage devices
and main core, and direct access schemes are used. The size of problems
which can be handled is essentially limited only by cost of calculation
since the arrays are variably dimensioned and several data handling
modes are programmed; the memory requirement is held down while data
transfer during iteration is increased only as necessary with problem size.

The more common orthogonal coordinate systems arising in reactor
analysis applications have been treated in from one through three dimen-
sions. These include the slab, the cylinder, O-R, ©-R-Z, and hexagonal
and triagonal coordinate systems in two and three dimensions. Only the
mesh~centered finite difference formulation has been programmed. There
is provision for the more common boundary conditions including the
repeating boundary, 180° rotational symmetry, and the rotational symmetry

conditions for the 90° slab and the 60° and 120° triangular grids on planes.
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A variety of type of problem may be solved: the usual eigenvalue
problem, a direct criticality search on the buckling, on a reciprocal
velocity absorber (prompt mode), or on nuclide concentrations, or an
indirect criticality search on nuclide concentrations, or on dimensions.
First-order perturbation analysis capability is available at the

macroscopic cross section level.
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COMPUTER CODE ABSTRACT

1. Program Identification: VENTURE, A Code Block for Solving Multigroup
Neutronics Problems Applying the Finite-Difference Diffusion or a
Simple Py Theory Approximation to Neutron Transport, Version 1.2

2. Function: This code solves usual neutronics eigenvalue, adjoint,
fixed source, and criticality search (direct and indirect) problems,
treating up to three geometric dimensions, maps power density and
does first order perturbation analysis at the macroscopic cross section
level. The code is used as a module of a local computation system.h

3. Method of Sclution: An inner, outer iteration procedure is used with
several different data handling schemes programmed in parallel.
Restrained line overrelaxation is used, and succeeding iterate flux

"""" sets may be accelerated by the Chebyshev process, and asymptotic
extrapolation done when distinct error modes establish. Normally the
eigenvalue of a problem is estimated each outer iteration from an
overall neutron balance; however, source ratios are used in some
situations. The difference equation is mesh centered point. Advanced
capability is incorporated, as to treat direction-dependent diffusion
coefficients and zone-dependent fission source distribution functions.
Macroscopic nuclear properties are calculated from microscopic cross
sections and nuclide concentrations.

4. Related Material: Standard interface data tile specifications adopted
in the ERPA Reactor Physics code coordination effort are used. Input
data must be read by a separate processor. Other codes using the
same interface files will couple directly with this one, including
several in routine use locally, as for exposure calculations to treat

depletion.



iii-2
Restrictions: This code is quite thoroughly variably dimensioned.
Generally the larger the problem, the more Input/Output required
for iteration. One-dimensional problems have been solved treating
thousands of mesh points or more than one-hundred energy groups
within a 50,000 short-word total fast computer memory.
Computer: This code has been run on IBM computers including the
360/91, the 360/75, and 360/195, and on the CDC-7600 computer after
the required conversion step. A separate version is expected to be
made available for long-word, small fast memory computers having
large extended slow memories.
Running Time: Running time is directly related to problem size
and inversely proportional to some measure of central processor and
data transfer speeds. The basic rate of solution of eigenvalue
problems is about 500 space energy points per second of central
processor time on an IBM 360/195; this rate falls off approximately
as (10/N)°'7 where N is the average number of points in one
dimension, less when the amount of data transfer is low, and more
when it is high, excepting one-dimensional problems. Thermal
reactor lattice and cell problems normally require more time by
perhaps a factor of two. Problems involving significant upscatter
(multithermal-group treatment) require additional computer time
by a factor of about two.
Programming Languages: The programming is basically in the ASA 1966
FORTRAN language excepting certain extensions, especially those
required for unindexed, mixed type block data transfers and direct
access of data by record from disc. Known limitations of
manufacturer's current compilers are not exceeded: for example, arrays

are limited to three dimensions, dummy arguments in subroutines to
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sixty, and subscripted subscripts are not used. Special routines
are used for certain functions including memory allocation, support
of the data transfer procedures and to make available elapsed
computer time for executing certain user options; these would
require replacement for compatibility with a different operating
system. The source deck consists of about 40,000 statements (VENTURE
proper), and the transmission package about 80,000.
Operating System: The basic 05-360 IBMoperating systemhas been used
under HASP and ASP with a FORTRAN IV, H level compiler version 21.6.
Access capability of programs in the modular sense is essential to
use the system of codes.
Machine Requirements: A 32,000 word core is needed, and preferably
one much larger; auxiliary storage of the disc or drum type is
essential, preferably several on different data channels. The
programming is included for three-level hierarchy data storage for
efficient use of an extended slow memory for large three-dimensional
problems when such a memory is available. Typically the code uses
27 logical units.

Authors: D. R. Vondy
T. B. Fowler
G. W. Cunningham
Oak Ridge National Laboratory
P. 0. Box X
Oak Ridge, Tennessee 37830
References: a. D. R. Vondy et al., "VENTURE: A Code Block for
Solving Multigroup Neutronics Problems Applying
the Finite-Difference Diffusion-Theory Approxima-

tion to Neutron Transport, Version II," ERDA

Report, ORNL-5062, revision 1 (1977).
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b. D. R. Vondy et al., "A Computation System for
Nuclear Reactor Core Analysis," ERDA Report,
ORNL-5158 (1977).
c. G. E. Bosler et al., "LA SIP-IIL, A Generalized
Processor for Standard Interface Files," ERDA
Report, LA-6280 MS (April 1976).
d, D. R. Vondy et al., "Input Data Requirements for
Special Processors in the Computation System
Containing ithe VENTURE Neutronics Code,” ERDA
Report, ORNL-5229, (1976).
e. D. R. Vondy et al., "Reference Test Problems for
the VENTURE Neutronics and Related Computer Codes,"
ERDA Report ORNL/TM-5887 (1977).
Material Available: The package submitted to the Argonne Code
Center includes Fortran card image scurce decks for a control
module, the VENTURE peutronics code, a cross section processor
code, a reaction rate calculation code, input data processors, a
code system driver, a control module, assembly language routines
for use on a compatible cowmputer, and an ioput data deck for
sixteen sample problems plus the edit from the computer rum for
these. New modules will be added to the package as they can be

made available, including the BURNER exposure module.
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GENERAL DISCUSSION

The code block VENTURE is designed to solve multi-neutron-energy-group,
multi-dimensional neutronics problems. The finite-difference diffusion or
a simple P, theory approximation to neutron transport is applied. Usual
eigenvalue problems may be solved to determine the multiplication factor
and the neutron flux distribution. The adjoint problem may be solved.
Fixed source problems are treated and a variety of criticality seaxrch
problems. Perturbation results based on macroscopic cross sections are
produced by option.

The code treats scattering from one energy group to any other,
including upscattering, internal black absorber zones, and a variety of
boundary conditions including periodic and the more important rotational
symmetry conditions.

The method of solution implemented is an inner, outer iteration
process with rather involved acceleration procedures.

The loose-leaf form of this report with sections in short blocks was

chosen to facilitate updating to account for revisions.

Background

The procedures implemented in the VENTURE code represent a background
of effort which can be traced back to the late 18950's, to the work of
M. L. Tobias® and others. Over this period of time a large number of
problems have been solved in routine reactor analysis effort at ORNL and
at other installations by the methods which were evolving during this
period. It seems noteworthy that although theoretical considerations have

played a role, this has been primarily an engineering development directed

43ee ORNL-4078 for example.
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at economical solution of problems encountered in analysis. The previous
code programmed in this effort was CITATION.?

Many individuals have worked on developing and implementing procedures
for solving diffusion theory neutronics problems, especially at the ERDA
National Laboratories,b but also in private companies® and in other
countries.d We are aware of much of this work, and acknowledge that
published information and discussions with several individuals have made

direct contributions to this effort.

The Procedure of Calculation

A flow chart for the code is presented in Fig. 001-1. This shows the
general flow through the procedures of calculation.

An inner, outer iteration scheme is used to solve problems. New flux
values are calculated from finite-difference, neutron balance equations
for a row of points simultaneously, and each new value is driven in the
direction of the change from the old value. This procedure is continued
over the space problem at one energy; it is repeated for a number of inner
iterations, and the calculation proceeds to the next energy. At each
energy the inscattering source and the fission source are determined.
After a complete sweep of the problem, the eigenvalue is estimated either
from an overall neutron balance, summed neutron balance equations, or
from the source ratio, and the calculation is continued to satisfy

specified convergence criteria. For an indirect criticality search, an

31, B. Fowler, D. R. Vondy, and G. W. Cunningham, '"Nuclear Reactor Core
Analysis Code: CITATION,' ORNL-TM-2496, Revision 2, Oak Ridge National
Laboratory (July 1971).

bSee WAPD-TM-678, BNWL-1264, ANL-7716, and LASL-4396.
Cc
See GA-6540.

dSee AEEW-R682, TRG-229(R).
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ENTER

v

--Problem Setup, Initial Access to Interface Data Files

--[Search Loop]
--Macroscopic Cross-Section Calculation
--Equation Constants Calculation

--Initialization Procedures

3 --Required Scratch Data File Processing

 ~-Outer Iteration Loop
--Fission Source Calculation

--Loop Over Energy Groups

--Inscatter Source Calculation (PO, Pl)a

--Inner Iteration Loop

--Line Overrelaxation

~~Chebyshev Acceleration

--Eigenvalue Calculation from a Neutron Balance

--Edit Iterative Results

--[Direct Search Return to Upgrade Cross Sections]

~--Convergence Test on Outer [teration

--[Indirect Search Return]

~-Return for Residues Calculatian (one sweep of equations)

--Write Interface Files (flux, power density)
~--Edit Results (neutron balance, flux, power density
neutron density)

--[Update Interface File for Direct Nuclide
Concentration Search]

--Succeeding Adjoint Problem Return

V—»Perturbation Integrals, ¥ Importance Maps

RETURN

Fig. 001-1. User flow chart, VENTURE finite-difference diffusion
theory neutronics code block.

%The inscatter source calculation is normally done outside the inner
iteration loop; however in one data handling mode this source is
calculated inside the inner iteration loop to minimize data transfer.
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additional outer iterative loop 1is reguired to adjust the desired
parameters, nuclide concentrations or dimensions, to effect a desired
solution.

If there is one main feature which stands out in the VENTURE code, it
is the direct search procedure. As carried over from the CITATION code,
an iteration procedure is implemented to move the iterate flux estimate
directly toward a solution by determining the eigenvalue of the problem
when certain parameters are adjusted. Perhaps only the analyst who has
experienced the frustrations of and relatively high cost of obtaining
solutions by indirect methods can fully appreciate the utility of this
direct search capability. For a direct criticality search problem, the
relative buckling, reciprocal velocity loss term, or relative change in the
search nuclide concentrations is treated as the eigenvalue of the problem.
No outer iteration loop is requirved.

The calculation of macroscopic cross sections, from the nuclide
densities and microscopic cross sections and of equation constants is
done in the head end of the code. As shown in the flow chart of Fig. 001-1,
returns are made to this part of the program for recalculation of this
macroscopic data to account for the effects from adjustments to the
parameters in a criticality search problem. To initiate a succeeding
adjoint problem which involves no changes in the parameters for a regular
problem which has been solved, the data for the regular problem is simply
reprocessed, and the procedure for the regular problem is used. Subsequent
calculations, as of conversion ratio and perturbation integrals, are done
using the macroscopic data generated initially without reaccess of the

microscopic data.
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Alternative Procedures and Large Problems

The code contains parallel procedures, different ways of handling
data, involving varying amounts of data transfer between memory and
auxiliary storage within a flexible, basic iterative procedure.

Automatic selection between these allows effective application with
different computer hardware configuraticns to solve a variety of problenm
sizes with use of a reasonable amount of computer memory. Still,
modifications may well be required to most effectively use a particular
facility, especially if it has a hierarchy of auxiliary storage devices
which have quite different data transfer rates. The necessary changes
should not be extremely hard to make if a preferred structuring can be
identified.

The VENTURE code represents a considerable extension over the
CITATION code in the size of problems which may be treated. One thousand
point one-dimensional problems have been solved, and the extent in the
other two dimensions is not limited. However, selection of a practical
problem requires consideration of the cost of the calculation and
justification of the expenditure in computer time. On many computers,
especially so the IBM 360/91, the extra cost associated with the increased
amount of data Input/Output required to solve the larger problems is
indeed significant. Also, adequate on-line auxiliary storage is required
for a problem to be solved, which increases directly with the number of

space-energy points considered.

Standard Interfacing

This code block was programmed specifically to operate (interface)
with other programs developed under rules established in a cooperative

effort between several installations, an effort sponsored by the Reactor
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Physics Branch of the Division of Reactor Research and Development of the
Energy Research and Development Administration. For example, all user
input data is processed by separate code blocks. This neutronics code
block only interfaces binary data files. It uses microscopic cross
sections supplied in a standard interface format from any source;a other
code blocks are being programmed elsewhere to generate this data, and yet
others to use the results from the neutronics calculation. This coupling
between major code blocks is effected by satisfying hard interface data
file specifications.

We believe this code block satisfies the primary objective of this
effort: to develop a neutronics code which uses and generates interface
data files having standardized formats; one which can be converted from
one computer to run on another relatively easily and permit effective and
efficient utilization of computers having a variety of hardware

configurations.

Programming

The programming is done in the fortran language. Basically, ASA 1966
standard Fortran as generally implemented was used with a few extensions;
data are transferred in blocks of mixed data type and direct access is
used, for example. Known limits on the major computers using current
manufacturer's compilers have quite generally not been exceeded. For
example, the maximum number of dimensions of any variable is three, the
number of arguments in subroutine statements is limited to sixty, and
subscripts are not subscripted. Both short and long-word storage of data
are used for effective execution on IBM 360, 370 series computers (very

low accuracy is associated with use of short words, single precision,

8Locally with the AMPX Code Systems, ORNL-TM-3706.
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carrying less than the equivalence of seven significant decimal digits),
but this was done in such a way that conversion to such a machine as a
CDC-7600 should mnot be too difficult if the comment instructions for
this conversion included in this program are followed. However, special
local system routines have been used to allocate memory, and to set up
direct access file specifications dynamically, and to use the system
data transfer routines directly outside of Fortran. Also, certain key
subroutines have been written in machine language (not essential) to

improve performance on the local computers.

Status
The VENTURE and related codes are in routine production use
locally and via remote terminal from other installations as modules in
"""" a local computation system.a Production use has contributed directly
by information feedback to the developed capability and reliability.
Some of the individuals involved in application are E. J. Allen in the
Energy Division, Neutron Physics Division Staff members, S. C. Crick
at General Electric (Sunnyvale), and D. Lancaster at Westinghouse
(Madison). Testing of an early version of the code at LASL by
G. E. Bosler and R. D. Odell on a CDC-7600 computer and by D. E. Ferguson
at ANL made contribution.
A major code block is generally not free of bugs, especially when
complicated options tend to have overlapping control. Still we have
used an unusually large number of test problems for which reliable

solutions are available. This testing gives us confidence that most

problems will be properly solved. Part of this confidence comes from

80RNL-5158.
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the nature of the effort, a straightforward extension of capability which
has had wide application on a production basis.

This document presents basic information about the code including
descriptions of the procedures and mathematical equations. Certain
modules used with this code are discussed in the appendices.

. . a,b
Requirements for input data processors are documented elsewhere.™’

END OF SECTION

%ORNL-5158.

bORNL—SZZQ.
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COMPUTER REQUIREMENTS

In the following discussion, information is presented which may be
needed by a user for effective application of the code. The required
tfiles must be made available, and there must be adequate space allocated
on each logical unit for the data carried on it. Much of the user burden
regarding allocation of space is relieved by use of a reference catalog
procedure available to the operating system; however, especially for
solving large problems, it will be necessary to change the allocations
by overriding those provided. The code is used as a loaded module which
cannot be altered by a user, satisfying basic quality assurance require-

ments of a large user community.

VENTURE as a Module

The VENTURE code block is a module for solving neutron transport
problems by application of diffusion theory. It is structured for use in
a modular code system; other modules which serve the same role may parallel
it in a system. The code does not read user input cards. Data it requires
must be available in binary interface data files. Results from the code
are placed on other interface data files on demand for subsegquent use.

The code contains routines to produce elaborate edits of results on demand
and always edits key results.

Locally the code is used under a resident driver and a primary control
module as discussed in another report.a The code is placed in executable
load module form incorporating an overlay structure, assembled. The codes
in this system are available on disc which may or may not be on-line. A

catalog procedure stored on disc contains basic job control instructions

ZORNL-5158.
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with provision for changing the space allocations and data blocking
factors. Changes to the program, to the Fortran language compiler
instructions, cannot be done simply because reloading is necessary and
are not allowed by the user community. The code is used on a production
basis locally and remotely from other installations via vemote terminal.
Therefore, modifications must be carefully assessed and proofed prior to
general use, and ongoing analysis effort not disrupted.

Other computation modules are in use in this system. These include
a cross section processor, a code to produce reaction rates and related
results, and an exposure module. Special input data processors are also
in use which generate data files. New modules will be phased into the
system as they become developed and adequately tested to assure reliable

application.

Machine Time Requirements and Charging

Of primary concern here are central processor (cp) time, clock time,
and costing. Clock time is quite dependent on what tasks are being
performed; it increases with the number of Input/Cutput operations
performed during any task, execution of a job, or computation. If a
large fraction of the memory available for computation is used by a job,
then the multitasking system cannot effectively overlap calculation and
data transfer.

A reference rate of fast reactor problem solution is 500 space-energy
points per second IBM-360/195 central processor time. This rate falls off
approximately as (10/N)0.7 where N is the average number of points in one
dimension, less when the amount of data transfer is low and more when it
is high, excepting one-dimensional problems. Certain types of problems
require more time, especially when upscattering is treated or the problem

is for a large thermal rteactor or a cell with reflecting boundaries.
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Relative processor time for the IBM-360/91 is about twice that for the
/195. Clock time is three to six times the processor time when a job is

run in the multitasking mode using less than half the computer memory.

Memory Requirements

Memory requirements for the code block are discussed here. Separate
storage is required to satisfy four requirements:

1. Program (machine instructions and variables not variably
dimensioned) - The storage is minimized by an effective overlay scheme.

2. Library Routines — These are provided by the system and range

from arithmetic functions to the data Input/Output package.

3. Buffer Area — This storage is required in most modes of data
transfer to allow block transfer. Careful allocation of the buffer
storage is important for effective machine utilization. The best alloca-
tion depends on the problem and the available facility, so experience must
be a guide to reasonable allocation. Generally, the larger the problem,
the more data which must be transmitted and the larger the buffers
required. However, if a large allocation of buffers causes degrading of
the mode of data handling during iteration, the performance can be expected
to be degraded. A special situation exists when extended slow memory is
used for buffer storage of data being transferred requiring consideration.
The main scratch files are used in a direct access mode with automatic
allocation of buffer size.

4. Variably Dimensioned Data — Most data arrays in the code are

variably dimensioned. The required memory size depends on an involved
combination of the primary variables of a problem, the options exercised,

and the mode of data handling automatically selected.
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There are six data handling modes programmed (sece Section 225)}; the
one used by the code depends on the problem and the available memory.

Additional capability is automated to reduce the amount of data
transfer automatically when memory space permits, as to default scratch
data files to reside in memory.

The code edits a table of data storage requirements for all the
applicable data handling modes when a job is executed, and automatically
selects that mode involving the least amount of data Input/Output unless
overridden by user control. Also edited are data file storage require-
ments which presents some of the information required in the job control

instructions.

Basic Requirements (IBM short word, 4-byte)

Program 30,000
Library Routines 8,200
Buffer Area 5,000-30,000
Minimum Data 5,000

When operated under a resident assembly language driver, about 6,000

additional words of memory are requirved.

Auxiliary Storage

In solving a large problem, this code may well tax available
capability for fast access storage. A 2.5 x 10° space-energy point
problem requires 5 X 10° short-word (2.5 x 10° long-word) storage for one
set of the flux values. Not only must three sets of these be stored, but
also the equation constants requiring about four times as much space as
one set of flux values. This storage space must be available, generally

on disc units, preferably separated between control channels for efficient
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data transfer. When one disc surface is inadequate to hold a file, the
data must span two or more surfaces. Details of the files are discussed
in Section 204.

To exercise control over the interface data files, a user must have
information about these; refer to Section 204 and to the computation

system documentation, ORNL-5158,

END OF SECTION
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PROGRAMMING INFORMATION

In the following sections, the information needed for a comprehensive
understanding of the program is presented. This information is directed
at the programmer making modification to the code or converting it from
one computer to another, and is intended only to supplement the source
deck FORTRAN listing which contains informative comments. Primary data
arrays are defined on comment lines and conversion notes are included.

The source language is FORTRAN, primarily the standard ASA 1966
FORTRAN. However, block transfer of data of mixed type is dome without
indexing in the guise of the REAL type, and the direct access mode of
data transfer is used. Local system routines are used to allocate memory
and to define the direct access files and access parameters dynamically,
and also to obtain time and computer model; the functions of these
routines would have to be satisfied or the requirements and associated
capability bypassed. Certain key routines are also available in assembly

language to reduce computation time on IBM-360, 370 model machines.

END OF SECTION
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Section 201: Information About Subroutines

Here principal information is provided about the subroutines. Where
practical, they are groupad inte sets to identify those which are usead

together to perform some well-defined fimction.
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FIGURE 201-1. VENTURE SUBROUTINES.

THE ACCESS, CONTROL, AND GENERAL PURPOSE ROUTINES

HAIN ENTRY POINT TO THE VENTOUORE NEUTRONICS CODE BLOCK
CALLS ERRSET, TIMER, DOPC, IONO, VENT, DRIV
I0¥0 ASSIGNS INPUT/OUTPUT UNIT NUMBERS
VENT ACCESSES CODE BLOCK CONTROL INFPORMATION
CALLS SKER, FERR
DRIV PASSES INFORMATION TO THFE CONTROLLER ROUTINE
ALLOCATES CORE STORAGE
CALLS GETCOR, ROXX, ROXY¥, DIFF, DOPC, FRECOR
DIFF CONTFOLS THE CALCULATION
CALLS CORE, MAaC1t1, CON1, PHIA, ORLX, COMC, LCAL, FLXR,
FXSR, BSQV, AJ¥T, PROS, DOPC, OUTR, DSDF, DCID,
pDI¥S, AJDS, FLRD, ADN1, EDIT, SAVi, PERT, JERT,
FERR, TIMER
CORE DETERMINES STORAGE REQUIREMENTS AND DATA HANDLING HMODES
CALLS CORI, CORP, GNANM, CORD, CORB, DDSP, DASU, SKER,
JPRT, FERR
CORI OBTAIN FILE SPECIFICATION RECORD FROM INTERFACE FILES NDXSRF,
ZNATDN, GRUPXS, AND GEODST
CALLS SKER
DASUO SETUP DIRECT ACCESS FILES
CALLS DOPC, FEBR
EASU SETUP DIRECT ACCESS FILES
CALLS DOPC, FERR
TIXER SERVICE ROUTINE FOR COMPUTER TIME ETC.
STOR SERVICE ROUTINE FOR MOVING DATR IN MAIN MEMORY
SKER FILE MANAGEMENT RELATED ERROR MESSAGES
FERR ALL OTHER FATAL ERROR MESSAGES
KEEP DUMKEY SUBROUTINE USED TO OUTFOX THE OPTIMIZING COMPILER

THE INPUT/O0UTPOT ROUTINES

o A B s o T D P A A S T

DOPC INITIALIZES, OPENS, AND CLOSES DATA FILES
ENTRY ROXY COMMUNICATES DATA ARRAYS
CALLS SEEK, BRITE, DEFILE, CLOSDA, (FBSAH A¥D ENTRIES)
RITE DATA TRANSFER MANAGER AND WRITES DATA (FOERTRAN ¥WRITE) -
CALLED BY HMOST ROUTINES
ENTRY REED READS DATA (FORTRAK READ) - CALLED BY HOST
ROUTINES
ENTRY ROXX COMMUNICATES DATA ARRAYS
CALLS CRIT, CRED, (FBSAM AND ENTRIES)
SEEK INTERFACE DATA FILES N¥ANAGER
CALLS RITE, REED
CRIT ASSEMBLY LANGUAGE ROQUTINE FOR CORE TO EXTENDED CORE DATA
TRANSFER (SEE SECTION 203 FOR THE FORTRAN EQUIVALENT)
FHTEY CRED EXTENDED CORE TO CORE DATA TRANSFER

(CONT)
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DEFILE ASSEMBLY LANGUAGE BROUTINE TO EXECUTE THE FORTRAN DEFINE FILE
STATEMENT USING PROBLEM DEPENDENT VARIABLES (OPENS DIRECT
ACCESS FILES) - ACCESSES SYSTEM ROUTINE IHCEDIOS

CLOSDA ASSEMBLY LANGUAGE BOUTINE TO CLOSE DIRECT ACCESS FILES

FBSAM LOCAL I/0 ROUTINE USED ALONG WITH THE IBM I/0 PACKAGE TO
PRODUCE SPECIAL CAPABILITY

THE CALCULATION OF MACROSCOPIC CROSS SECTIONS

- - — —— " o ot O > - . o~

BACY CONTROLS MACROSCOPIC CROSS SECTION CALCULATION
CALLS MACA, MACB, MAC2, SCAL, MAC3, MACS, CHDM, MACSH,
MAC6, SKER, FERR
MACA INITIAL PROCESSING OF GRUPXS
CALLS STOR
MACB CHECK NAMES AND CLASSES ON NDXSRF AND GRUPXS FOR AGREEMENT
MAC2 CALCULATE MACROSCOPIC PRINCIPAL CROSS SECTIONS
SCAL LOCATES POSITION OF SCATTERING RECORDS ON GRUPXS
MAC3 CALCULATE MACBOSCOPIC SCATTERING CROSS SECTIONS
MACS ADJUST DIFFUSION CONSTANT AND SCATTERING DATA FOR P1 CALC.
CHDH CHECK DIMENSION SEARCH DATA
CALLS SKER
MACH CALCULATE MACROSCOPIC SEARCH DATA
MACSE EDIT HACROSCOPIC CROSS SECTIONS

THE CALCULATION OF EQUATION CONSTANTS

CON1 CONTROLS EQUATION CONSTANTS CALCULATION
CALLS MSHO, NRCF, MSH1, CON2, GEOQ, CON3, MSH3, CKCT,
CON4, CON5, CON7, CON9, STOR, SKER, FERR
MSHO SETOP COARSE MESH PABRAMETERS FOR 1D AND 2D CASES
NRCF CONYERT REGION ASSIGNMENTS BY COARSE MESH TO FINE MESH
MSH1 CALCULATE FINE MESH DISTANCES
CON2 SETUP BOUNDARY CONSTANTS AND BUCKLING
GEOQ CHANGE FROM 3D TO 2D CASE
CON3 RESTRUCTURE MACROSCOPIC DATA AND ZERO ROD CROSS SECTIONS
CALLS NROD, STOR
MSH3 EDIT FINE MESH DISTANCES
CKCT SETUP INDEXING FOR DIFFUSION CONSTANTS
coNy CALCULATES LEAKAGE CONSTANTS
CALLS NROD, BNDY
COXNS CALCULATES LEAKAGE CONSTANTS (TRIAGONAL)
CALLS NROD, BNDY
CON7 CALCULATES LEAKAGE CONSTANTS (HEXAGONAL)
CALLS NROD, BNDY
CON9 CALCULATE ZONE VOLUMES FROM REGION VOLUMES AND DETERMINE ZONE
WITH MAXIMUM NU*SIGF*VOL
CALLS NROD
NROD FUNCTION TO DETERMINE INTERNAL BLACK ABSORBER ZONES
BNDY FUNCTION TO CALCULATE NON~-RETURN LEAKAGE CONSTANT

{CONT)
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THE INITIALIZATION PROCESS

OKLX  CONTROLS TTERATIVE PROCESS PARANETER INITTALIZATTON
CALLS ORLA, ORLB, ORLC, ORLD, ORLE, ORLF, BATG, ORLR,
CONE, FERR, RCOV
ORL2 TOCATEFS A BEFERENCE POINT IN MAESH TO USE AS A BASIS FOR
INITEIALYZATION PROCEDURES (2,3-D PROBLEMS ONLY)
CALLS XUCK
ORLB  DETERZEINES AN ENARGY DISTRIBUTLON FUNCTLON FROH EQUATION
CONSTAKTS AT THE REFERENCE POINT (2,3-D PROBLEMS ONLY)
CALLS KEEP
ORLC  SETGP i-D EQUATION CONSTANTS ALONG THE ROW CONTAINING THE
REFPERENCE POINT (2.3-D PROBLEMS ONLY)
CALLS KEEP
ORLD  SETOP DATA FOR THE 1-D INITIALIZATION ©ALCULATTON
(2.3-D PROBLEMS ONLY)
CALLS NEOD

ORLE SETUP CROSS SECTTIONS FOR THE 1~3 INITIALIZATION CALCULATION
(2. 3-D PROBLEHS ONLY)
ORL¥Y  SOLVES THE 1-D PROBLEM FOR INNER AND OUTER ITERATION BEHAVIOR

(2;3-D PROBLEHS OKLY)
CALLS LAXR, LAXP
BATG  CALCULATE OVERRELAXATION COEFFICIENTS AND INNER ITERATIOKS
AND CHERYSHEV PARAXETER AND SETS DEPAULT OPTIONS
(2.3~ PROBLEMS ONLY)
CALLS LUCK
ORLR  BYPASS IBITTALIZATION DUGRING SEARCH COR PERTURBATTIONS ONLY
CALCULATIONS (2,3-D PROBLEHS ONLY)
RCOV ~ RECOVERS DATA FGR SUCCESSIVE MEUTRONICS PROBLENS
LAXR  LINE RELAXATION FOR 1-D INITIALTIZATION CALCULATION
LAXP  POTINT RELAXATIOE FOR 1-D INITIALIZATION CALCULATIOH
5UCK  FUNCTION TO LOCATE KEFLECTED BOUNDARY
LUCK  FURCTICE TO DETERHIEE WESH DEPENDENT PARAMETER FOR LAABDA
COHé  PREPARE KACROSCOPIC CROSS SECTIONS AND OTHER DATA FOR
ITERATIVE PROCESS
PHI®2  COETRCLS FLUX INITIALIZATIOHN
CALLS PHY1, PHY7, PHI2, PHI3, FERR
PHI1  I¥TITIAL FLUX IS CONSTANT
CALLS EROD
PHI7  INITIAL FLOX IS SYNTHESIZED FROY THE RESULT OF THE 1-D
THITIALIZATION CALCULATION (2,3-D PROBLESS OMLY)
CALLS SDBN, TOIP, NEOD
TOIP  SIHPLE LIXEAR INTRRYPOLATLON
PHTI2  IHITIAL PLUX IS A FUNCTION OF SPACE AND ENERGY
CALLS EDBN, SDBE, HROD
EDBK CALCOULATE FNERGY DISTRIBUTION FUNCTION
SDBN  CALCULATE SPATIAL DISTRIBUGTION FUNCTIONS
PHI3  PROCESS INITIAL FLUX FROH FLUX INTERFACE (MAY BE EXPANDED TO
NES# HESH EXCEPT FOR HEYXAGOWAL GEOHETRY)
CALLS PHIM, PHIS ,PHI6, GRXP, EANY, PAN2, MROD, SKER
PHT@4 1D FLOX EXPANSION
PHIS 2D FLUX EXPANSION
CALLS PBED, PCZD

(CO¥FT)
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PHI®S 3D FLOX EXPANSION
CALLS PBND, PC2D, PC3D

GRXP GROUP EXPANSION

PAN 1 TRIANGULAR EXPANSION ON PLANES

PANZ TRIANGULAR EXPANSION BETWEEN PLANES

PBED FUNCTION TO DETERMINE ARTIFICIAL FLUX POINT

PC2D FUNCTION TO DETERMINE ARTIFICIAL CORNER POINT ~ 20

PC3D FUNCTION TO DETERMINE ARTIFICIAL CORNER POINT - 3D
CBRLL3 PC2D

THE TTERATIVE PROCESS

COMC UTILITY ROUTINE

LCAL CALCULATES STARTING BDUDRESSES IN DATA ARRAY
CALLS FERR

FLAR OBTAINES INITIAL FLUX

FISR OBTAINS A FIXED SOURCE
CALLS SKER

BSQV SEARCH CALCULATION UTILITY ROUTINE

AJNT SETS UP INPOT/OUTPUT FILES FOR THE ADJUINT PROELEHM
CALLS REV?Y

REV 1 PROCESSES SCATTERING DATA FOR ADJOINT PROBLEWM

PROS SETS UP INPUT/0UTPUT FILES
CALLS 2103, FEFS

2103 PROCESSES PRINCIPAL CROSS SECTIONS

FEFS SETS INITTIAL FLUX TO FIXED SOURCE WHEN FIXED SOURCE LT ©
DSDF CALCUOLATES INDIRECT NUCLIDE SEARCH CHANGE EIGENVALUE

DCID CONTROLS SFEARCH CALCULATION EXIT OPTIONS
DINS CALCULATES DIMENSION SEARCH CHANGE FACTOR
ADJIS CONTHEQOLS DIMENSION SEARCH CHANGES

CALLS DIN1, DIM2, DINM3

DIKY READS COARSE MESH MODIFIZRS FROM SEARCH INTERFACE FILE
DIN2 CONTROLS COARSE MWESH AND VOLUME CHANGES -~ WRITES NEW GEOQDST

CALLS CHES, CRGY

DIn3 CONTROLS CHANGE ZONWNE VOLUMES - WRITES NEW NDXSRF THWTERFACE

CALLS ZVRYV
ZVYRV CHANGES ZONE VOLUMES

FLRD READS GEODST ¥OR FINAL EDIT OF MESH ~ DIMENSION SEARCH

CALLS FLMH
CHES CHANGES COURSE MESH
CRGY CALCUOLATE REGION VOLS FROM POINT VOLS
CALLS CHVL
CHVL CHANGES REGION VOLUMNS
FPLMH EDITS FINAL MESH -~ DIMENSION SEARCH
OUTR OUTER ITERATION CONTROLLER

CALLS DOIN, ZINS, FSOR, S5SOH, FLUX, PSOR, JUSB,
s WRES, RRES, PREC, MUEX, CHEV, ETR1, ETER2

. ATED, SGDA, FERR
BALC  NEUTRON BALANCE CALCULATION
ZINS  CALCULATES THE DIRECT SEARCH PROBLEM EIGENVALUE
CHBF CHEBYSHEV ACCELERATION ROUTINE

{CONT)

ITRP



CHEYV
RDAB
LTRG
XTRP

BHAY
JOUOSE
ATED
FFGG
RDUE
RELX
OELX
NEWB
FSOR

SSOR
PSOR
FLUX

MUEX
ETR1
ETR2
SGDA
DOIN
RRES
¥RES
PREC
ADN 1

ADN2
ADN3

INR1

LOG %
FOU 1
S0U1
POU 1
LEK1

INRZ

FOU 2
LU 2
SQU2
PQU 2
LEK2

I¥R3

2016

CHEBYSHEV ACCELERATION ROUTINE
CALCULATES ROD ABSORPTIONS
CALCULATES IN-LEAKAGE FOR TRIANGULAR GEOHMETRY
ASSESSES FLUX CONVERGENCE

CALLS FFGG,

BHAV

CALCULATES ITERATIVE CONVERGENCE PARAKETERS

OVERRELAXATION COEFFICIENT CONTROL

EDITS ITERATION DATA
CALCULATES FLUYX EXTRAPOLATION FACTORS
RESIDUE ESTIHATE OF THE MULTIPLICATION FACTOR

SOLVES FOR THE FLUX VALUES ALONG A ROVW AND OVERRELAXES THEA

SOLVES FOR THE FLUX VALUES ALONG A ROW NO OVERRELAXATION
CALCULATES NE¥ OVERRELAXATION FACTORS
FISSICON SOURCE CALCULATION CONTROLLER

CALLS FOU1,

FOU2, FOU3,

FOU4,

FOUS,

SCATTERING SOURCE CALCULATION CONTROL

CALLS S001,

sou2, sou3,

souy,

S0U5,

FGUS

5006

P-1 SCATTERING SOURCE CALCULATION CONTRGL

CALLS POU1,

POU2, POU3,

INNER ITERATION CONTROL

CALLS INR1,

EXTRAPOLATIOK PARAMETER PROCESSING

INR2, INR3,

pOUG,

INRY,

POUS

IRR5,

SINGLE ERROR MODE FLUX EXTRAPOLATION
DOUBLE ERROR HODE FLUX EXTRAPOLATION

SAVES AND RETRIVES DATA DURING DIRECT NUCLIDE SEARCH

FLUOX CALCULATION UTILITY ROUTINE
READS RESTART FILE

WRITEEZ RESTART FILE
CALCULATES ONE-DIMENSYONAL SWEEP PARAMETERS

CONTRCLLER FOR UPDATING ATOMIC DENSITIES

CALLS ADH2Z,

ADN3, FERR,

UPDATES ATOMIC DENSITIES
EDITS ATOM DENSITIES

INNER ITERATION CONTROL

CALLS LoU1,

RDUE, RELX,

IN~-LERRAGE CALCULATION
FISSION SOURCE CALCULATION

SCATTERING SOURCE CALCULATION

SKER

LEK1,

P-1 SCATTERING SOURCE CALCULATION
OUT-LEAKAGE CALCULATION

CHEV,

INRE,

(1 ROW STORED HMODE)

OELX,

INNER ITERATION CONTROL (ALL DATA STORED HODE)

CALLS LOU2,

RDUE, RELX,

FISSION SOURCE CALCULATION
IN~-LEAKAGE CALCULATION

SCATTERIKG SOURCE CALCULATION

LEK2,

P-1 SCATTERING SOURCE CALCULATION
OUT~-LEAKAGE CALCULATION

CHEV,

RDAB,

INRX,

NEWB

OELX,

BHAV

NEVWB

INNER ITERATION CONTROL (SPACE PROBLEM DATA STORED KODE)

CALLS LOU3,

RDUE, RELX,

(CONT)

LEK3,

CHEV,

LTRG,

RDAB,

OELX,
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Lou3
Fou3l
SQu3
POU3
LEK3
INRY

Lou4
LTRG
FOU 4
Sou4
Soux
POUL
LEK#
JIC4
QDUE

QELX

INBS

Lcus
FOUS
Sous
POUS
J1Cc5
LEKS

INR6

FQUS
S0ou6
DELX

INRX

LOUX
FOUX
SouyY
5002
POUX
LEKX
Jicx
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IN-LEAKAGE CALCULATION
FISSION SOURCE CALCULATION
SCATTERING SOURCE CALCULATION
P-~1 SCATTERING SOURCE CALCULATION
OQUT~LEAKAGE CALCULATION
INNER ITERATION CONTROL (MULTIPLE PLANE DATA STORED MODE)
CALLS LOU4, QDUE, QELX, LEK&4, SOUX, JIC4, CHEV, LTRG, RDAB
NEWB
IN-LEAKAGE CALCULATION
SPECIAL IN-LEAKAGE CALCULATION FOR TRANGULAR GEOMETRY
FISSION SOURCE CALCULATION
SCATTERING SOURCE CALCULATION
SCATTERING SOURCE CALCULATION
P-1 SCATTERING SOURCE CALCULATION
OUT-LEAKAGE CALCULATION
DEL DOT J CALCULATION
ACCESSES RESIDUE CALCULATION
CALLS RDUE
ACCESSES FLUYX CALCULATION
CALLS RELX, OELX

INNER ITERATION CONTROL (MULTI-ROW STORED MODE)
CALLS LOUS, RDUE, RELX, LEK5, J1C5, CHEV, OELX, NEWB
IN~-LEAKAGE CALCULATION
FISSION SOURCE CALCULATION
SCATTERING SOURCE CALCULATION
P—-1 SCATTERING SOURCE CALCULATION
DEL DOT J CALCULATION
OUT-LEAKAGE CALCULATION

CONTRCLLER ROUTINE FOR THE SPECIAL ONE-DIMENSIONAL PROCEDURE
CALLS CHEVY

FISSION SOURCE CALCULATION

SCATTERING SOURCE CALCULATION

LINE RELAXATION WITHOUT OVERRELAXATION

INNER ITERATION CONTROL (MULTI-LEVEL DATA TRANSFER MODE)
CALLS LOUX, RDUE, RELX, LEKX, 5002, JiCX, CHEV, RDAB, OELX
NEWB
IN~LEAKAGE CALCULATION
FISSION SOURCE CALCULATION
SCATTERING SOURCE CALCULATION
SCATTERING SOURCE CALCULATION
P~1 SCATTERING SOURCE CALCULATION
OUT-LEAKAGE CALCULATION
DEL DCT J CALCULATION

THE EDIT ROUTINES

EDIT

CORP

- ———

CONTROLS EDITS
CALLS NBAL, PWDN, FLXV¥W, PERT, BSQS, FISS,JINT,PTVL,PTZF
EDIT EROBLEM DESCRIPTION

(CONT)



GNA N EDTT GEOMETRY AND CHECK FOR VALIDITY
COkD EDIT HAJOR PROBLEN PARANETERS
JPRT CALCULATES PERTURBATION STORAGE REQUIRENENTS
CORE EDIT BOUNDARY INDICATORS AND CHECK FOR VALIDITY
DDSP EDIT SY¥4BOLIC PARAMETERS FOR DISK SPACE (IBH 36C JCIL)
JINT CALCUT.ATES AND EDITS ADJOINT ZONE FLUX RESULTS
PGOT PRINTS FLUX, POWER DENSITY, NEUTRON DENSITY
NBAL PRINTS NEUTRON BALAKNCE
CALLS SOBL, SKER
SOBL CALCUTATES NEUTBON BALANCE SCATTERING DATA
FISS WRITES FISSION SOURCE INTERFACE (FISSOR)
CALLS SKEER
BSQs CALCULATES BUCKLIXGS IN 3-D PROBLEKS
pPHED N CALCULATES POWER AND NEUTRON DENSITY
CALLS POUT, SKER
PrvVL GETS DATA FOR SUBROUTINE PTZF
PIsF WRITES FLUXES FOR 2 ZONES ON RZFLUX FOR DEPLETION
FLA# YRITES FLUX TNTERFACE DATA FILE
CALLS POUT, SKER
SAV i SPECTIAL DATR OUTPUT IN BCD FORH
CALLS SAV2, SAV4, SAVO
SAVZ SPECIAL DATR OUTPUT IN BCD FORH {GEODST)
CALLS SAV3
3 SPECIAL DATA DUTPUT I¥ BCD FORNH {GEODST)
Vi SPECIAL DATA QUTPUT IN BCD FORH {PWDINT)
CALLS SAVS
SPECIAIL DATA OUTPUT IN BCD FORM (PWDINT)
SPECIAL DATA OUTPUT TI¥ BCD FORH (RTFLUX)
CALLS SAV7
SAV SPECIAL DATA OUTPUT I¥ BUDR FORM {RTFLUX)

THE PHRTURBATION ROUTINES

EDITS SPACE POINT IMPORTANCE MAPS
WRITES INTERFACE FILE PERTUB
CALLS SKER

-3

HRET CALCULATES CHAHGE TN KEFF DUE TO SIGHAS
PERO EDLTS PERTURBATION INTEGRALS
BEBB2 PERTURBEATION UTILITY ROUTINE
BERT PERTURFATEION UTILITY ROUTINE

(FOR ALL. EXCEPT 1-RO¥ STORED HODE)
JERT  PERTUREATION CONTROL
CALLS JAFA,JIFE,JUFY, PERC,JAPS,RTUB,QOUT, SKER,JGET
JRFE  SETS UP INPUT/OUTPUT FILES FOR PRRTURBATION CALCULATION
JIFE  CALCULATES BASIC PERTURBATION INTEGRALS
JUFY CALCOLATES TRANSPORT PERTURBATION INTEGRALS
CALLS BBB1,BBB2
JAPS  CALCULATES SPACE POINT INPORTANCE HAPS
CALLS JHAP
“AF CONTHOLS EDIT OF IMPORTANCE HAPS
CALLS QOUT

(CONT)
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JGET GETS DCONS {FOR 1~ROW STORED MODE}
PERT PERTUREATION CONTROL
CALLS DAFPA,LIFE,TUFY,PERO,MAPS,RTUB,Q0UT,SKER
DAFA SETS UP INPUT/0UTPUT FILES FOR PERTURBATION CALCULATION
LIFE CALCULATES BASIC PERTURBATION INTEGRALS
TUFY CALCUOLATES TRANSPORT PERTURBATICGN INTEGRALS
CALLS BBB1,BBB2
HaPS CALCULATES SPACE POXNT IMPORTANCE HAPS
CALLS PMAP
PMAP CONTROLS EDIT OF IMPORTANCE HAPS
CALLS QoufT

SPECIAL ROUTINES

GETCOR ASSEMBLY LANGUAGE ROUTINE TO ALLOCATE CORE DYNAMICALLY FOR
THE VARIABLY DIMENSIONED ARRAYS AT RUN TIME

FRECOR ASSEMBLY LANGUAGE ROUTINE TO FREE CORE ALLOCATED BY GETCOR

ERRSET SUPBLIES THE LEVEL OF ERROR STOPS TO THE SYSTEM

LABEL COMMON EBLOCKS

CNTRL
YCTRL
MGHTIO
JOURT
AFLUY
AOSURB
LIMTS
ADRES
FSWAP
DEAST
COMSAN
USRID

END OF SECTION 201
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Section 203: Transferring Data

To facilitate any changes which might be required to the method of
data transfer between memory and auxiliary storage, the routines REED
and RITE with known functions have been used. REED transfers data from
auxiliary storage into memory, RITE moves data from memory onto auxiliary
storage. These transfers are made in relatively large blocks of binary
data, always under the guise of 4-byte IBM floating point short word,

often mixed type.

Sequential Access

A record is kept of the access position of each logical unit in the
service routine. Upon any request for a data transfer operation, the
access position for that unit is checked with the reference record number
provided. If properly positioned, the transfer is made with a Fortran
READ or WRITE statement. If not properly positioned, repositioning is
done to a higher record number or a rewind is done and repositioning done
from the start. (The backspace capability is not used; trouble with this
technique has simply caused us an inordinate amount of trouble locally and
on conversion to distant facilities, and has been a costly penalty in
analysis effort on projects.) Thus for transfers which are made
sequentially, the tasks are performed directly.

It is noted that the technique implemented may discourage carrying an
access position from one routine to another. This practice is generally
deemed to be undesirable, that is, to read to some point in a data file
in one routine and then continue reading in another routine, because it
restrains sequencing routes. The access position data is carried in an
array in a labeled common block in the service routines and not accessed

in the primary coding nor tinkered with.
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REWIND capability 1s provided. Also there is protection against
reading data which has not been written, especially useful for the
debugging phase of program development. An END OF FILE is usually placed
on the unit after it has been written by a special call. The position
flags for the units accessed sequentially are initially set to zero; an
attempt to access data before it has been written will cause an error

message edit, but not an abort.

Direct Access

It is true that all data transfers could be made in either the direct
access mode or the sequential access mode by repositioning. However, we
find generally that when data is moved sequentially, sequential access
is the most efficient. The multiple repositioning associated with
accessing records out of order is a serious penalty when sequential access
is used on many systems. The solution to this problem with storage on
disc units is to carry a vecord accounting in the operating system and
transmit a single positioning order, the direct access mode. In the direct
access by record mode, only fixed length, unformatted records are moved.

To allow both sequential and direct access modes of operation in a
program requires identification of the mode for each logical unit. This
could be done by (1) using different routines or set flags in the program,
(2) defining a range of logical units for one type of access, or
(3) providing hidden flags. We reject (1) as inhibiting interchange, and
(2) as an undesirable and not a sufficiently general scheme. The scheme
selected allows the same logical unit to be used one way at one point in
a calculation and another way later; for example, a file containing the
flux values may be blocked with all values at one group for the iterative
calculation in a record, but only one plane of data in a record for the

calculation of regular, adjoint flux integrals.
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For efficent execution, parameters such as record length must be
made problem dependent. This is done with routines adapted locally
which are accessed for '"opening' prior to use.

Capability to use a local implementation of the IBM system data
transfer routines is implemented (outside of Fortran), available on
option.a We have not found a significant gain in total computer
efficiency, but clock time for a run is significantly reduced when large
records of data are invelved (many points on a plane) by using this

scheme, and buffer space 15 eliminated.

Core-to~Core

An implementation was adopted which allows data files to be stored
in memory (extended core) if space allows. In this mode, the data is

simply moved from one location to another directly.

Asynchronous Operations

The routines provide for asynchronous operations teo allow overlap
of input/output operations with calculation. Special routines are

required on a computer to provide this capability locally.

Multilevel I1/0 Hierarchy

Capability in the routines provides for storage of data in an
extended (slow) core and input/output with both disc and memory. This
capability admits simulation and testing of procedures progrvammed for

hierarchy storage by assigning the slow memory space to fast memory.

Sw. A. Rhoades, ""The FBSAM Data Transmission Package for IBM 360/370

Computers," ERDA Report, ORNL-TM-5199 (January 1976).
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The Input/Output Service Routines

We expect compromises to be made in the cooperative inter-
installation effort for a scheme to admit a variety of input/output
techniques to be used in a code. This code uses an early implementation
of such capability developed locally. Documentation is provided in
ORNL-5158, but the concerned programmer should refer to the Fortran
listing of the routines actually distributed. The capability included
in these, including both the local implementation of the computer
system data input/output routines (non-Fortran) and the defaulting of
files to memory, is operational in the present version of this code.

END OF SECTION
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Section 204: Input/Output File Requirements

In this discussion, the data files which must be resident on auxiliary
storage devices are identified as Standard Interface files? or scratch
files, It 1is assumed that the scratch files are each assigned a logical
unit number In the range 21-65 and units 1-9 are reserved for special
purposes. Our normal logical devices are unit 5 input and unit 6 output.
Unit 4 1is used to contain a collection of the results for export (BCD,
tape). (Assignments may be simply changed at the front end of the code

to satisfy other local requirements at another installation.)

Interface Data Files Used

GRUPXS — Group ordered microscopic cross sections
GEODST — Geometry description
""""""" NDXSRF — Nuclide to cross section referencing data
ZNATDN — Zone nuclide atomic densities
SEARCH — Search data (required only for search)
FIXSRC — Fixed source (required for a fixed source problem only)
RTFLUX — Total neutron flux (if supplied and for successive cases)

ATFLUX — Total adjoint neutron flux (if supplied)

RZFLUX — Zone average total neutron flux (for successive cases)

Interface Data Files Generated by Option

RTFLUX — Total neutron flux
ATFLUX — Total adjoint flux
RZFLUX — Zone average total neutron flux
PWDINT — Point power density

GEODST — Geometry description upon dimension search

8Version III Specifications, LASL report, LA-6280-MS; see remarks about
files SEARCH and FIXSRC on page 204-24,
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NDXSRF — Nuclide to cross section referencing data upon dimension search

ZNATDN — Zone nuclide atomic densities upon concentration search

FIXSRC — Fixed source result

PERTUB — Regular, adjoint flux integrals

RSTRTR

- Data for problem restart

FISSOR -- Special Fixed Source Data

Scratch Data Files by Unit Number

21

22

24

27

28

29

40

41

43

44

45

46

(Direct

(Direct
(Direct
(Direct
(Direct

(Direct

a
access)

access)
access)
access)
access)

access)

Macroscopic scattering cross sections
Principal macroscopic cross sections

Equation coupling constants in space, normally not
used

Total neutron flux
Flux Copy

Flux Copy

V+J times volume (current in the P; sense)
Equation constants
Fixed source

Fission source

Total source

Neutron balance data
Miscellaneousb
Miscellaneous

Search data, misc.

a . . . . .
Unless noted otherwise, files are accessed sequentially; by direct access
is meant write and read of disc files at random by record.

b

By miscellaneous is meant that these files are generally used to store

different information at different stages of a calculation, but the
required storage space is usually not large relative to those for
which requirements are given in detail.
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48 Miscellaneous

49 Point volume data
50, 51, 52 Cross section data
53 Mesh data

Certain files contain a large fraction of the data to be stored.
Note that the product of the record length and number of records is the

total amount of data to be stored in a file for direct sccess.

Let J

it

points in a row

I = number of rows in a plane

L = number of planes

K = number of groups

W =1 for long-word machines, 2 for short word

R = 0 for one-dimensional, 2 for two-dimensional, 4 for
three-dimensional cases

H = 1 for hexagonal, 0 otherwise

=
!

= pumber of zones (m refers to zone)

A record on unit 40 (or 23 when required) contains the follewing data
for a row or a plane of points: total loss terms including leakage,
regions, element volumes, left leakage constants, top and bottom leakage
constants, front and back leakage constants, extra leakage constants for
hexagonal geometry data terminated as appropriate for few-dimension
problems.

The primary cross sections are carried on units 21 and 22 as follows,
where M refers to the number of zones and K to the number of groups,

N to the number of black absorber zones, and I the number of dimensions.



Number

Units Record Length {Words) f Records Notes

23 [3 + W(1+2H)1(J+1) + RJ ILK Needed only for the ''row-stored"
mode (see Section 103).

24,27,28,29 WJI LK

40 (R+W)JI + (2+H)JI + (1+H) (J+L) +H LK For "plane-stored' mode only.

40 (B+W+H)JIL + (1+H)(J+I)L + JI + HL K For "mesh-stored" mode only.

40 {{3+W(+2H)] (J+1) + RJ} I LK For the "multilevel data transfer"
mode only.

41 W31 L

42 WJ1 L

43 WJ1 L

44 WMK 2

45 WJI L

46% Wit L

47 WMK 1

48 WMK K

49 WJ IL

50-53 Variable but small Variable

a . L ] . .
For the case when the initial fluxes are read from the standard interface RTFLUX, number of records is LK.

v-v02C
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Record Number
Unit Length of Records Contents

21 MIN(K)] K Inscattering Zg(k' +k,m); for the P,
calculation, the data for each k follows
the Zg data in a separate record,
increasing the number of records to 2K,
D(k,m)XS’(k' >k,m)

22 MK 1 Fission source distribution x(m,k)

MK 1 Sink term J_(m,k) + DLBi(m,k)

MK 1 Buckling loss DLBi(nl,k)

MK 1 Production v} £(m, k)

MK 1 Search production vzp(m,k)

MK | 1 Search absorption Zq(m,k)

MK 1 Energy per unit flux W(m,k)

MK 1 Reciprocal velocity Z(m,k)

2K 1 Inscatter range, location of in-~group
term N(k),NJ (k)

N 1 Black absorber zone list, if N > 0

M 1 Zone volumes V(m)

K 1 Number of inner iterations, if I > 1

K 1 Spectral radius, if I>1

K 1 Overrelaxation factors, if 1>1

MK 1 Removal cross sections {only with
Py treatment)

MK 1 to 4 Diffusion coefficients by zone, as well
as the coordinate-direction dependent
values when available from GRUPXS
except with P1 treatment

2J+21 1 Distances to flux points and fine mesh

+21L+3

interval interfaces
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Record Number
Unit Length of Records , Contents
7K 1 External and internal boundary
condition constants.
MK 1 fa(m,k) fissile
MK 1 Te(m,k) fertile

It should be noted that microscopic cross sections are used in a
group~orderad form. A processor code block is reguired to recast the
datz into this form from a reference broad-—energy-group library in the
nuclide-ordered format defined by the specification for file TSOTXS.

Code-Dependent Data Files

Figure 204-1 shows the content of special interface files CONTKL,
PERTUB, RSTRTR, and FISSOR. Also shown are the contents of the BCD file
on unit 4 used to transfer data to other imstallations.

CONTRL is a file containing code module contrxol instructions in
records.

PERTUB is generated by otpion by the code and contains the basic
perturbation integrals.

RSTRIR is a restart file which is written by option and may be sup~
plied to the code to continue a previous calculation.

FISSOR is a fission source interface file written on option.

Also, certain data is placed on the end of the file REZFLUX for
recovery of iteratiou information when successive problems are solved,
as in depletion calculations. This file also will contain local flux
values when used for auxiliary exposure calculations. Additional data
is also placed in a record at the end of file FIXSRC when generated by

the VENTURE code for subseguent recovery and use.
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FIGURE 204~1. SPECYAL DATAR PILE SPECIFICATIONS

C ek 3k A e ok ok o g sk ke kol ok i sk skl el ol ol e o ool o ool 3k sl ok ok ok R Rk I R ok Tk Sog e ol sk ook ok R R ok kR ok Rk K

CH DATE 3-15-77

C

o CONTRL

c

CE CODE-BLOCK~DEPENDENT DATA UNDER CONTROL OF THE DRIVER
C*************************************************#*****#******#********
cs A FILE IDENTIFICATION RECORD ALWAYS FIBST

cs THE FOLLOWING ARE CONTROL DATA RECOBDS, ONE FOR EACH CODE

cs DATA BLOCK, LENGTH 101*MULT+100 WORDS, 201 LONG, 302 SHORT
cs

cs RECORD WAME CODE BLOCK {MODULE) REQUIREMENT

CS  meemeemmimen e ececee e

CS PRBOINS (PROBLEM INFORMATION) ALWAYS FIRST
Cs DVRINS (MODULE DRIVING INFORMATION) ALHAYS

cs XCPINS CROSS SECTION PROCESSOR AS NEEDED

cs DTNINS NEGTRONICS {YENTURE) AS NEEDED

s BRTINS REACTION RATE AS WEEDED

cs BIANK {CLOSURE) ALWAYS LAST

CS MUCH OF THE DATA IN THE INDIVIDUAL INSTRUCTION RECORDS IS

Cs NOT DEFINED, IT BEING RESERVED FOR FUTURE USE AND DEFINITION
c

c ....................... D s e e . i o D A TR A P U A D T S e, S P P A A, AR D S D AN P s T et P b o b
CR FILE IDENTIFICATION

C

cL HNAME, (HUSE (I},I=1,2) ,IVERS

C

Cw IHHULT + 1

C

cD HNAME FILE NAME (A6) ICONTRL®

cD HUSE USER IDENTIFICATION (A6)

cD IVERS FILE VYERSION NUMBER

s

cN MOLT 1 POR LONG WORD, 2 FOR SHORT WORD MACHINES

C

C .......................................................................
C—--.-— s " — P— o . S b T i o - - > ™ " - o s A0 o P TR A 3 P A AN A bt A A AT RS U P T W O A A D R B A2 0D
CR PROBLEM INFORMATION

¢

cL PROINS, (XX{(I),I=1,100), (IX{I),I=1,100)

C

W 101%M0LT + 100

C

) PROINS PROBLEM INFORMATION DATA IDENTIPLER (6HPROILNS)

cD XX (1-24} PROBLEM OR CASE TITLE (A6)

cp XX (25) USER LABEL (JOBNAME) FOR INTERFACE DATA FILES (A6)
') XX (26) USER LABEL (DATE) FOR INTERFACE DATA FILES {A6)

C

C —————————————————————————————————————————————————————————————————————

(CONT)



C ——————————————————————————————————————————————————————————————————————
CR HODULE DRIVING INFORMATION

C

CL DVRINS, (X¥X(I),I=1,100), (IX(I),I=1,100)

C

cW 101*HULT + 100

c

ch DYRINS MODULE DRIVING INFORMATION IDENTIFIER (6HDVRINS)
cD XX (1-100) RESERVED

cD IX (1) PRIMARY MEMORY ALLOCATION, WORDS

cD IX(2) RESERVED

cD IX(3) RESERVED

cp IX (4} MAXTHUH BLOCK SIZE FOR DIRECT ACCESS DATA FILES,
cD WORDS, BEST VALUE DEPENDS ON SEVERAL THINGS
cp INCLUDING DISC TRACK LEWGTH, OVERRIDE THE

cD AUTOMATED PROCEDURE ASSIGNMENT IF NON-ZERO

cD IX(5) TOTAL PROCESSOR TIME ALLONED FOR THE RUN, MINUTES
cn IX(11) STAND-ALONE FLAG -

cp 0 - MODULES ARE ACCESSED IN A TRUE MODULAR SENSE
CD 1 - MODULES ARE ACCESSED AS IF EACH IS A

co STAND-ALONE CODE (NOT RECOMMENDED)

C

C

‘:...,...,.....;.v..........v . —n T . P R AT A A TS T o ) D A e U b 2 W A A 1 A D B S AT s IS T W T A L ST A D AN ST T A AU B e B < T S
C.........._.__...,‘ Tt ——— 75 LR LAbAr At o R S W AT @T AE e A AT A AR BT Y TS NPT W T AT A AR it A G P R B S < U P T T £ CHR D K P D O . D YT s e
CR CROSS SECTION PROCESSOR INSTRUCTIONS

C

o] THIS DATA REQUIRED BY THE CROSS SECTIOW PROCESSOR

C

cL XCPINS, (XX{I),I=1%,100), (IX(I),I=1,100)

C

cH 101*¥ULT + 100

C

CD XCPINS CROSS SECTIOGN PROCESSOR DATA IDENTIFIER (6HXCPINS)
CD XX (1-100) RESERVED

cD IX(1=2) RESERVED

cD 1X(3) OPTION OGN INPUT CROSS SECTION FILE PROCESSING

cD 0 - NO PROCESSING REQUIRED

CD 1 - GENERATE NEW NUCLIDE-ORDERED FILE FROH

CD THE FILE OR FILES HAVING FORNAT IX(5)

cD (REQUIRES INTERFACE FILE CXSPRR FOR

CD ADDITIONAL INFORMATION)

cD IT (%) OPTION TO GENERATE A GROUP-ORDERED FILE FEOM

cD A NUCLIDE-ORDERED FILE

cD 0 - NO

o)) 1 - YES

CD IX(5) FORMAT OF INPUT CROSS SECTIONS FOR IX(3) EQ 1

CD 0 - NUCLIDE~ORDERED FILE

cD 1 - CITATION CROSS SBCTION SETS

CD 2 - MERGE TWO NUCLIDE-ORDERED FILES

(CONT)
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cD IX(6) OPTION ON PRINCIPAL CROSS SECTION DATA
cD FOR IX(4) EQ 1
CD 0 -~ RETAIN ALL DATA
cp 1 - REDEFINE (N,GAMMA) CROSS SECTICN TO BE
CD THE CAPTURE CROSS SECTION = (N,GAMMA) +
cD (N,ALPHA) + (N,P) + (N,D) + (N,T) ~ {N,2N)
CD IX(7) OPTION ON SCATTERING DATA FOR IX(4) EQ 1
o)) 0 - RETAIN ALL DATA
cD 7 - RETAIN THE TOTAL SCATTERING ONLY
CD 1% (8) OPTION ON SCATTERING ORDER FOR IX (4) EQ 1
ch 0 - RETAIN ALL DATA
cD N ~ RETAIN ORDERS UP TO {N~1) ONLY
cD I%(9) OPTION ON SCATTERING RECORD BLOCKING FACTOR
cD FOR IX(4) EQ 1
CD 0 - NSBLOK = 1
CD N - NSBLOK = N, IF (NISO/N)*N EQ NISO,
cp OTHERWISE N¥SBLOK = NISO
CD WHERE NISO IS THE NUMBER OF NUCLIDES
cD IX (10} OPTION TO COMPUTE THE TOTAL SCATTERING SATRIX
o)) FROM THE COMPONENTS FOR IX(4) EQ 1
cD TOTAL = ELASTIC + INELASTIC ¢ N2N
CD (THIS MUST BE DONE IF THE GRUPXS FILE IS TO BE
cD USED BY VENTURE AND THERE IS NO TOTAL
ch SCATTERING .DATA PRESENT)
cp 0 - NO
cD 1 - YES
cD 2 - YES AND MULTIPLY N2N SOURCE BY 2.0
cD IZ(11) OPTION TO CREATE ISOTOPE MIXTURES AFTER PROCESSING
cD SPECIFPIED BY IX({3) AND IX{5), IF ANY
cD 0 - N0
cD 1 - YES (REQUIRES INTERFACE FILE CXSPRR FOR
S CD ADDITIONAL INFCRMATION)
<D IX(12-22) RESERVED
cD IX(23) OPTION TO EDIT LATEST NUCLIDE-ORDERED FILE
cD 0 ~ WO
cD 1 - YES
cD IX(24) OPTION TO EDIT GROUP-ORDERED FILE
cD 0 - NO
cp 1 - YES
¢D 1X{25-100) RESERVED
c
C - . A ——— - " > - D o D Y. i i A e U T S S ) R Pl . A R iy il A T D T P o T
C-_-- S o Aue i e AR A U " S e WY ol a3 mh SO S ] e WA S A R VY A D AR S S AR WA K WS T SNE AR A WS AP A AN A U2 I 3 TS A S M P D AT e N e WA e s A
CR HEUTRONICS INSTROUCTIONS
C
cL DININS, (XX (1) I=1,100), (IX{I).,I=1,100)
c
cD DTNINS NEUTRONICS CONTROL IDENTIFIER, A(6)
cp X () REFERENCE REAL TIME, DAYS
cD XX (2) MACHINE TIME ALLOWED FOR SOLUTION, MIN
cD (ITERATION TERMINATED IF TIME EXCEEDED)

{CONT)
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XX (6)
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XX (8)
11 (9)

XX (10)
XX (1)

XX (12}

XX (13)
XX (14)

I%(1)

IX(2)

IX(3)
1Y (4)

IX(5)

204-10

CYCLE TIME IN HIY¥UTES TO WRITE RESTART DATA
NOT DONE IP O, ALWAYS DOKE AT END IF NCOE-ZERO

NOTE THAT VARTABLFES NOT DEFINED ARE RESERVED FOR LATER USE

XX (100)

POWER LEVEL OF REACTOR, WATTS THERMAL
IF 0, NORBALIZATIOX IS TO ONE SOQURCE NEUTROY
(WATT-SEC/FISS DEFAULTED TO 3.2E-11 IF ZERO)
ENERGY CONVERSION FACTOR, FISSION TO THERMAL
FRACTION OF REACTOR TREATED
SPECIFIED HULTIPLICATION FACTCR FOR SEARRCH IF
NOH~ZHRO
SPRCIFIED OVERRELAXATION COEFFICXENT IF NONR-~ZERO
ESTIMATE OF THE EIGENVALUE FOR CHEBYCHEV
ACCET.ERATION ON OUTER ITERATIONS
ESTI¥ATE OF THE LOWER LIHIT OF THE SPECTRUN OF
EXGENYALUES FOR CHEBYCHEV ACCELERATION
CONYERGENCE CRITERIA C¥ INTEGRAL QUANTITIES
MAXIHUM RELATIVE CHANGE ON QUTER ITERATION
CONYERGENCE CRITERTA ON LOCAIL OR POINT VARIABLES
MAXTMUH RELATLVE POINT FLUX CHANGE ON OUTER
ITERATION (.00005)
COWSTANT BUCKLING VALUE WHICH OVERRIDES THE DATA
IN GEODST FILE IF NON~ZERO
RESERVED

INDECATOR THAT THE CODE BLOCK HAS INPUT DATA
HOT CONTAINED IN THE STAMDARD INTERFACE FILES
OTHEE THAN THIS BLOCK OF DATA IF .GT.0
RESTART OPTIONS~ RESTART USING DATA FROM AN
OLD CASE IF .GT. O, REQUIRES SPECIAL RESTART
DATA FILE
REFERENCE COUNT ON PROBLENS (CYCLE WNUMBER)
FORHULATIO¥ OPTIO¥S
VENTURE, MESH CENTERED FINITE-DIFFERENCE
0- DIFFUSION THEORY
1~ SI¥PLE P1 APPROXIHATION
VANCER, HESH EDGE (2~ AND 3-D SLAB INFO SHOWN )
0,1 SELECTED DEFAULT
2~ LINEAR FINITE DIFFERENCE (8, 10 NEIGHBORS)
3- EXTENDED TAYLOR SERIES (8, 10 NEIGHBORS)
4- LINEAR FINITE ELENENT (8, 10 NEIGHBORS)
5~ SIHPLE TAYLOR SERIES (8, 10 NEIGHBORS)
6~ OSUAL FINITE DIFFERENCE (4, 6 NEIGHBORS)
7~ COMPROMISE (8, 10 NEIGHBORS)
8~ COMPROMISE (4, 6 NEIGHBORS)
9~ COMPENSATED DIFFERENCE (4, 6 NEXGHBORS)
TYPE OF PROBLEHM
0~ DETERHINE SOUGRCE MOULTIELICATION FACTOR
1- SEARCH PROBLE® (FILE OF SEARCH DATA IS
REQUIRED, SEE OPTION IX(10))
2~ FIXED SOURCE PROBLEH
3- ADJOINT PROBLEH ONLY
4~ BUCKLING SEARCH
5- PROHPT HODE ALPHA CALCULATION, 1/V SEARCH

(CONT}



IX(6)

IX(7)

IX (8)

IX (9

Ix (10)

IX (11)

1X (12)

IX (13)

IX (14)
IX (15)
IX (16)

IX (17)
1X (18)

Ix(19)

IX (20)
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ADJOINT PROBLEM OPTIONS
0 - NO ADJOINT PROBLFM TO BE DONE
1 - EIGENVALUE TYPE PROBLEM
(NORMALLY FOLLOWING A FORVWARD PROBLEMNM)
2 - FIXED SOURCE TYPE PROBLEM
OPTION TO USE THE LOCAL IMPLEMENTATION OF THE
OPERATING SYSTEM DATA TRANSFER ROUTINES
(RFQUIRES MEMORY SPACE)
OPTION TO PORCE DATA HANDLING MODE ({FOR TESTING)}
-1 OPTION TO TERMINATE IF MEMORY ALLOCATION
IS TOO SMALL FOR EFFICIENT EXECUTION (THE
SPACE PROBLEM CANNOT BE STORED IN TWO-
DIMENSIONS OR ENOUGH PLANES OF DATA CAN
¥OT BE STORED TO AVOID EXCESS TRANSFER
IN THREE~-DIMENSIONS)
0- AUTOMATED TO MINIMIZE INPUT/OUTPUT
1- BASE PROBLEM CORE CONTAINED
2- SPACE PROBLEM AT EACH ENERGY CONTAINED
3- ONE ROW CONTAINED IN CORE
4~ ONE OR MORE SPACE PLANES CONTAINED IN CORE
5- MULTIPLE ROWS STORED FOR TWO DIMENSIONAL
6- MULTI-LEVEL DATA TRANSFER
OPTIONS ON PFLUX INITIALIZATION
-1 SET ALL FLUX VALUES EQUAL
O AUTOMATED PROCEDURE
1 POINI ENERGY MODEL, COSINE IN SPACE
2 USE AVAILABE SCALAR FLUX FILE
IDENTIFIES SEARCH DATA IN SEARCH FILE, TX{5)=1
IDENTIFIES SECONDARY SEARCH DATA IN SEARCH FILE
TO BE USED IF CONSTRAINTS FOR FIRST SET ARE
NOT SATISFIED, AND SECOND SEARCH IS TO BE DONE
SPECIFIES THAT A 2-D (OR 1-D} PROBLEM IS TO BE
SOLVED FOR THIS PLANE (OR ROW) OF A 3-D
(OR 2-D) DESCRIPTION IF NON~ZERO
ORDER IN THE CROSS SECTION FILE OF THE DIRECTION
DEPENDENT TRANSPORT CROSS SECTION TO BE USED
FOR TH® FIRST CORRDINATE DIRECTION (USUALLY 0}
DITTO, SECOND COORDINATE DIRECTION
DITTO, THIRD COORDINATE DIRECTION
INSTRUCTION NORMALLY EXERCISED BY CONTROL MODULE
TO INFORM THE NEUTRONICS MODULE TO RECOVER
DATA FOR INITIALIZATION FROM FILES RZFLUX AND
RTFLUX
FORCE KEFF. CALC. BY SOURCE RATIO IF GT O
FISSION SOURCE DISTRIBUTION FUNCTION OPTIOWN
0- SET VALUES TO BE USED (SAME IN EACH ZONFE)
1- REGION DEPENDENT VALUES TO BE USED
FISSION SOURCE DISTRIBUTION NORMALIZATION OPTIONW
0- LEAVE UNNORMALIZED
1~ NORMALIZE EACH SET TO SUM TO UNITY
CONSTRAINT ON OUTER ITERATIONS(MAX ALLOWED)
(SET BY THE CODE IF NOT SPECIFIED)

(CONT)
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1X(22)

IX{23)

1X{24)

IX{25)

1%(26)

IX(27)
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IWNER ITERATION OPTION
0~ USE AGTOMATED PROCEDURE(RECOHENDED)
N- REFERENCE NUMBER OF INNERS = H
SET BY THE CODE IF NOT SPECIFIED
(IF 1 .LE. ¥ .LE. %, CHEBYSHEV ACCELERATION
WILL NOT BE DOWE ON OUTER ITERATIONS
AS THE AUTOHATED PROCEDURE}

OPITON TO REESTIMATE OVERRELAXATICN FACTORS BY
L1 ¥OR¥M FOR Z¥RO SOURCE PROBLE#H, SPECIAL INRER
ITERATIOES ARE DONE (MAKE LARGE TO OVERRIDE

THE AUTOMATED PROCEDURE WHICH EMPLOYS THIS)

INITIALIZATION OPTIONS FOR PROCEDURES, CHOICE OF

OVERRELAXITION COEFFICIEKTS AND ITERATIONS
~2 DONT DO ONE-DINMENSIONAL CALCULATION
FOR INITIALIZATION
-1 DONT USE 1-D OVERRELAXATION COEFFICIENTS
0~ USE AUTOMATED PROCEDURE, SOLVES 1-D PROBLEHX
CHEBYSHEV COEFFICIENTS ON OUTER ITERATION¥S
IF THE HUMBER OF INMERS IS .LT. 5
EXCEPT WHEN CHEBYSHEV FLUX OW QUTERS
1—- SAME AS 0 BUT DO NOT CHEBYSHEV
OVERRELAXATION COEFFICIENTS
2- FIX THE WUMBER OF INNER ITERATIONS
3- FIX NUMBER OF INNERS, NO CHEBYSHEV
4~ FIXED INNERS AND INITIAL COEFFICIENTS
5- FIXED INNERS AND COEPFFICIENTS, ¥0 CHEBYSHEV
6- SAME AS 4 BUT DOWT USE 1-D COEFFICIENTS
7- SAHAE AS 5 BUT DONT USE 1-D COEFFICIENTS
INNERITERATION SWEEP ORDER
-1 NORHAL ORDERED
0 AUTOMATED (SIGHA—~? IF AVAILABLE, USUALLY)
1 SIGHA-~1 ORDERED IF AVAILABLE
OUTER ITERATION CHEBYCHEV ACCELEBATIOR OPTIONS
-LT. 0 START AT THIS ITERATION
0~ USE AUTOMATED PROCEDURE
1- APPLY ORLY AFTER THE FIRST EXTRAPOLATION
2- APPLY CONTINUOUSLY FROM THE START
3~ DONT APPLY THE PROCESS
«GT. 100~ THE PROCESS IS5 STARTED AT ITERATION
IX{25j~-100 USING AN L1 NORX EIGENVALUE
ASYMPTOTIC OUTERITERITION EXTRAPOLATION OPTIOHNS
-1 SINGLE ERROR MODE ONLY
0~ USE AUTOMATED PROCEDURE
1~ SINGLE ERROR MODE USIEG DATA FOR ALTERNATE
ITERATIONS
2— NOT ALLOWED
3~ ¥E ARE TRYING TO FIGURE OUT WHAT THIS DOES
FORCED DELAY IH¥ ASYNPTOTIC EXTRAPOLATION
¥~ NOT ALLOWED FOR THIS WANY OUTER ITERATIONS
(IF NEGATIVE, A FORCED PRCCEDURE MAY BE
EXECUTED EARLIER}

EDITS GENERALLY ARE NOT DOWE WHEN FLAG IS ZERO

IX(28)

OPTIO¥ FOR CONDENSED EDIT (TERMINAL) IF .GT. 1

(CONT)
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IX{(30)

IX(31)

1X(32)
IX(33)
IX (35)
IX(37)

IX(38)
IX (39}
IX {40}
IX(41)

IX(u2)
IX (44)

IX(45)

IX(46)

IX(47)
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OPTION TO EDIT THE PRINCIPAL MACRCSCOPIC
CROSS SECTIONS BY ZONE
OPTION TO EDIT THE MACROSCOPIC SCATTERING
CROSS SECTIONS BY ZONE
OPTIONS ON ITERATION DATA EDITS
~1- NO EPITS DUBRING ITERATION :
0, OR i~ PRIMARY OUTER ITERATION DATA OWLY
2~ GETS DETAILS EDITED FOR TESTING
3- REQUESTS EXTENDED EDIT FOR DEBUGGING
OPTION TO EDIT OVERALL NEUTRON BALANCE BY GROUP
OPTION TO EDIT NEUTRON BALANCE BY ZONE
OPTION TO EDIT SCALAR NEUTRON FIUX BY POINT
OPTION TO EDIT ZONE-AVERAGE FLUX BY GROUP
IF .GT. 1, ALSO EDIT THE 20NE,GROUP ADJOINT FLUX
OPTION TO EDIT POWER DENSITY MAP BY INTERVAL
OPTION TO EDIT POWER DENSITY TRAVERSES THRU PEAK
OPTION TO EDIT NEUTROR DENSITY MAP (1/¥ FLUX
WEIGHTING)
OPTION TO EDIT NEUTRON DENSITY T-AVE-SES
OPTION TO EDIT SCALAR ADJOINT FLUX
OPTION TO EDIT ATOMIC DENSITIES WHEN SEARCHING
0- NO EDIT
1~ MININOM EDIT AT END
2- MAXINUM EDIT DURING CALCULATION
PERTUREBATION OPTIONS - IF NEGATIVE, FILES RTFLUX
AND ATFLUX ARE SUPPLYED AND NO NEUTRONICS
CALCULATION IS5 DONE ~ OTHERWISE THE REGULAR
AND/OR ADJOLNT SOLUTION IS OBTAINED AS
SPECIFIED ABOVE AND EITHER FLUX FILE NOT
GENERATED MUST BE SUPPLIED
0- NO PERTURBATION CALCULATION
1~ CALCULATE AND EDIT BASIC REGULAR*ADJOINT
FLUX INTEGRALS EXCEPT TRANSPORT
2- ALSO CALCULATE AND EDIT TRANSPORT INTEGRALS
(REQUIRED FOR COMPLETE PERTURBATION EFFECT)
3~ ALSO EDIT MACROSCOPIC ABSORPTION CROSS
SECTION SPACE POINT TMPORTANCE MAP
4- ALSO EDIT MACROSCOPIC PRODUCTION CROSS
SECTION SPACE POINT IMPORTANCE MAP
PLUS ABS-PROD MAP
5- ALSO EDIT 1/V SPACE POINT IMPORTANCE NAP
EDIT RESULTS FOR A 100 PERCENT CHANGE IN MACRO
CROSS SECTIONS, ONLY IF IX(45).NE.0
OPTION TO WRITE POINT FLUX VALUES FOR EXPOSURE
(EXERCISED ONLY IF IX(53) .GT. 0)
.GT. 0 WRITE DATA FOR POINTS IN THIS ZONE
-1 WRITE ONLY THE SPECTRUM FOR THE POINT WHERE
THE POWER DENSITY IS A MAXIMOM ISITIALLY
-2 WRITE DATA FOR THE POINTS IN THE ZONE WHERE
THE POWER DENSITY IS A MAXIMUM INITIALLY
-3 WRITE ONLY THE SPECTRUM FOR THE POINT WHERE
THE FIRST GROUP FLUX IS A MAXINOM INITIALLY

(CONT)
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-4 WRITE DATA FOR THE POINTS IN THE ZONE WHERE
THE FIRST GROUP FLUX TS A HAYXTMUY INITIALLY
.LT.~4% WRITE SPECTRUN FOR THIS MESH POINT

IX (48) ANOTHER ZONE NUMBER FOR WHICH THE POINT FLDX
VALUES AR® TO BE WRITTEN FOR EXPOSURE IF .GT. O
IX (49) OPTION TO EDIT THE DIRFCT CONTRIBUTIOY T0O CHANGE

TN CONVERSIONW RATIO FROM UNIT CHANGE IN FERTILE
CAPTDRE AND FISSILE ABSORPTION (MACROSCOPIC)
TX{51) OPTION TO WRITE THE POINT SCALAR FLUX FILE
0- NO
1- REWRITE THE LATEST VERSION OF AN OLD FYLE
(IF THERE IS NONE., WRITE A NE¥ ONE})
2- WRITE NEW FILF

OPTIONS ABOVE ARE TYPICAL FOR EACH FILE COVERED BELOW

IX (52) OPTION TO WRITE THE POINT FISSION SOURCE FILE
IX(53) OPTION TD WRITE ZONE-AVERAGE SCALAR FLUX FILE
IX (54} OPTION TN WRITE POINT PORER DENSITY FILE

IX {55) WRITE THE CONVERSTON RATYO ADJOINT TIHPORTANCE

FIXED SOURCE FILE (ALWAYS ADDS A FILE OR TWG)
.GT.0~- WRITE COMHBINED FILE (HAS NEGATIVE DATA)
.LT.0~ WRIT® TWO FILES, ALL POSITIVE

IX (56) OPTION TO WRITE THE ZONE POWER DENSITY FILE
IX (57 OPTION T3 WRITE THE ADJOINT ZONE AVERAGE FLUX
FILE AZFLOX
IX (58) OPTION TO WRITE SCALAR ADJOINT FLUX FILE
APPLICABLE OHLY TF AN ADJOINT PROBLEM WAS DONE
IX (59) OPTION TO WRITE PERTURBATION INTEGRALS ON FILE

PERTUB. IX{45) MUST BE NON-ZERO. TRANSPORT
INTEGRALS ARE INCLUDED IF ABS (IX(45)) GT 2.
IX (60) OPTION TO WRITE SPECTAL FGRNATTED DATA FILE
(LOGICAL #) AT THE END OF A CASE - SEE SECTION 204
OF THE VENTURE REPORT

IX (61) A PLANE NUMBER AT WHICH 7ZONE AHD GROUP BUCKLINGS
ARE TO BE CALCULATED

IX (62) A SECOND PLANE XUHBER FOR THE BUCKLING CALCULATION

IX(63) OPTION T3 WRITE A POINTWISE FIXED SOURCE FILE

AS (DB%*%*2) TIMES FLUX

IX {70} FORCE DATA TRANSFER IN INITIALIZATION (TO TEST
PROCEDURES)

IX (73) OVERRIDE DEPAULT OF FILES TO MEMORY (T0 TEST
PROCEDUGRES)

REACTION RATE MODULE INSTRGCTIONS
RRTINS, (XX(I),T=1,100), (IX(I),I=1,100)
101*¥ULT + 100
RRTINS REACTION RATE #fODULE DATA TIDERTIPIER (6HRRTINS)
NOTE- UNDEFPINED DATA ARE RESERVED FOR FUTURE USE.
NOTE- THE VALUE OF ZERO IS A DEFAULT MEANING THAT THE OPTIOW TO
PERFORM THE TASK IS NOT EXERCISED. CONSTDERABLE DATA

(CONT)



NOTE-
XX (1)
XX (3}
XX (4)

X (3)
I%(6)

NQOTE~

IX(9)

NOTE~
IX (10}

IZ(11)

IX(14)

iX{15)

1X{16)

IX(21)

1X(22)

IX(23)

IE{24)
1X{25)
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HANDLING MAY BE INVOLVED AND MUCH PAPER PRINTED, SO CARE
SHOULD BE TAKEN TO OBTAIN ONLY THOSE RESULTS NEEDED.
QUITE GENERALLY THE FILES ~-NDXSRF- AND ~ZNATDN~ ARE NEEDED
AND GSUALLY ~GRUPXS~-
DESIRED POWER LEVEL IF NON-ZERO (USUALLY NEW)
WEIGHTING FACTOR DISCUSSED BELOW
WEIGHTING FACTOR DISCUSSED BELOW

OPTION TO EDIT PROGRAMMER INFORMATION FOR DEBUGGING
OPTION TO COMPUTE AND EDIT REACTION RATES,
INVENTORIES, AND POWER PRODUCTION
INDEPENDENT OF THE OPTIONS WHICH FOLLOW, SUMMARY TABLES
ARE ALWAYS EDITED ON THIS OPTION
OPTION TO EDIT BY ZONE AND SUBZONE FOR EACH U¥IQUE
NUCLIDE NAME
1 - YES (WILL BE DONE ONLY IF THERE ARE
SUBZOWES)
IN THIS EDIT, ZONE RESULTS EXCLUDE SUBZONE CONTRIBUTIONS
OPTION TO EDIT BY ZONE POR EACH DNIQUE NUCLSDE NAKE
NOTE - ZONES WILL INCLUDE SUBZONE CONTRIBDTIONS
OPTION TO EDIT BY ZONE ¢LASS FOR EACH UNIQDE
NUCLIDE NAME
OPTION TO WEIGHT SUKNARY REACTION RATES BY NUCLIDE
ENERGY GENERATION
1- FISSION ENERGY ONLY
2- FISSION PLUS CAPTURE ENERGY
OPTION FOR ADDITIONAL RESULTS WITH ALTERNATIVE
WEIGHTINGS (SUMMARY TABLES ONLY)
1~ BY NET NEUTRON PRODUCTION (GENERATION MINUS
ABSORPTION}
2~ BY CAPTURE RATE IF FERTILE AND ABSORPTION
RATE IF FISSILE
REPEAT THE CALCULATIONS OF REACTION RATES INDICATED
ABOVE (IX{6).GT.0} USING FLOX, ADJOINT ¥EIGHTING
REQUIRING FILE ~PERTUB~

THE FOLLOWING ARE PRELIMINARY, NOT IMPLEMENTED

OPTION TO EDPIT REACTION RATE HMAPS USIHNG FILE ~RTFLUX
«GT.0~ SPECIFIES A PLANE OF A 3~D PROBLEM UR
A ROW OF A 2-D PROBLEM
e THE PLANE OR ROW IS TO CONTAINV THE
LOCATION OF HMAXIHUM POWER DENSITY
MAP PRINCIPAL REACTION RATES FPOR FISSILE WUCLIDES
i~ ABSORPTION
2~ ABSORPTION AND PRODUCTION
3- CAPTURE AND FISSION
- CAPTURE, FISSION AND PRODUCTION PER

ABSORPTION
MAP PRINCIPAL REACTION BATES FOR FERTILE NUCLIDES
1- CAPTURE

2~ ABSORPTION ONLY
MAP ABSORPTION RATES FOB PFUCLIDES OF THIS CLASS
BEPEAT THE MAPPING WITH WEJTGHTING ON ADJOINT FLUX

(CONT)
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USING FILE —~PERTUB
IX(31) OPTION TO EDIT REACTIVITY COEFFICIENTS FOR UNET
CHANGES IN FISSILE NUCLIDE CONCENTRATIONS

1% (32) OPT IGN

TO EDIT REACTIVITY COEFFICIENTS FOR UNIT

CHANGES IN FERTILE NUCLIDE CONCENTRATIONS
IX(33) OPTION TO EDIT REACTIVITY COEFFICIENIS FOR OUNIT
CHANGES IN NUCLTIDE CONCENTRATIONS OF THIS CLASS

IX(37) OPTION TO PRODUCE DELAYED KEUTRON PBOPERTIES WITH
FLUX, ADJOINT WEIGHTING USING FILE ~PERTUB~ AND
~DLAYXS~

IX{u1) OPTION TO COLLAPSE CROSS SECTIONS IN ENEBGY, FILE

~ISOTXS-TO-ISOTXS~ USING THE ENERGY STRUCTORE
GIVEN AS GROUP LOWER BOUNDS DESCENDING EV, DATA

IN

ARRAY XX STARTING AT XX(21) TERMINATING WITH

A ZERO ENTRY FOR THE LAST GROUP

1~

22—

3-

IZ(51) OPTION

PRODUCE MACROSCOPIC CROSS SECTIONS FOR PSEUDO
DENSITY UNITY FOR EACH ZONE, FLUX WEIGHTED
PRODUCE ONE~TO-ONE NUCLIDE DATA ONLY FOR THE
ONES HAVING NWON~-ZERO CONCENTRATIONS WITH FLUX
WEIGHTING USING FILE ~RZFLUX~-

SAME AS 2 EXCEPT FLUX, ADJOINT WEIGHTING
REQUIRING FILE -PERTUB~-

TO GENERATE A DISTRIBUTED NEUTRON SOURCE FILE

~FILXSRC~ USING FLUX FROK -RTFLUX-

1-

2

3~

IX(52) OPTION

TOTAL PRODUCTIONS FROM FISSTON MULTIPLIED BY
XX (3) NORMALIZED TO A TOTAL QOF XX (3)*XX(4)

IF XX(4) IS NON ZERO, X¥{3) SET TO UKITY IF 0
TOTAL DELAYED NEUTROM SOORCE USING FILE
-DLAYXS-

ASYMPTOTIC DELAYED NEUTRON SOURCE USING THE
FAMILY OF LONGEST HALF LIFE {(ASSUMES DISTINCT
ONE APPLIES) USING FILE -DLAYXS-

TO GENERATE A ZONE-GROUP DISTRIBUTED SOURCE

FILE ~FIXSRC~ USING ZONE AVERAGE FLUX FILE
~RZFLUX~ (SEE OPTIONS IMMEDIATELY ABOVE)

CICSURE

BLANK1, (XX(I),I=1,100), (IX{(I),I=1,100)

BLAFK1 END OF

FILE IDENTIFIER (6H ) OR (6HBLANK )

C-._-. mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

CEO¥

(CONT)
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Cokeoode ke ok sesie e sk ook ok o ok sl aloe e ok skl akeale sk ok o ok o ke ook sl ok e s e e sk e ol ok o ofeake ok ik ek e e ke ok o o ok K e 3k ko o o deofe ol e e ie skl e ok o o e ok ok

CN DATE 1-1-76 (REFERENCE TO 11-26~-74)

C

CF PERTUB

CE PERTURBATION DATA ~ REGULAR AND ADJOINT FLUX. INTEGRALS
C

C o ok e ke e of e sk ok e ol kool ok ok ook e s S 2k ok ol ok e kol e o o ok R e ok ol e ek ik sk o s s o ok dfeofe s ok ok o ke O ok oK ok ke kol ko %

c ——————————————————————————————————————————— B T e
CR FILE IDENTIFICATION

C

cL HNAME, (HUSE (I),I=1,2) ,IVERS

c

CW 3*MOLT + 1

c

cD HNAME HOLLERITH FILE NAME - PERTUB - (A6)

cD HUSE HOLLERITH USER IDENTIFICATION - (A6)

cD IVERS FILE VERSION NUMBER

c

CN MOLT 1 FOR LONG WORD, 2 FOR SHORT WORD MACHINES

c

C ———————————————————————————————————————————————————— - —-— -
C —————————————————————————————————————————————————————————————————————
CR FILE REFERENCE INFORMATION

c

cL BIGDAD, XK,CR, X1,NZONE, NGROUP, IND, N1,N2, N3, N4

C

cw 11

C

cD BIGDAD BIG-DADDY NORMALIZATION FACTOR

cp INTEGRAL ADJOINT*CHI*FORWARD*NUSIGF/K

cp XK MULTIPLICATION FACTOR (K-EFF)

cD CR PRIMITIVE PISSILE CONVERSION RATIO

cp X1 ABSORPTION RATE IN FISSILE NUCLIDES

cD NZONE NUMBER OF GEOMETRIC ZONES

cD NGROUP NUMBER OF NEUTRON ENERGY GROUPS

cD 18D OPTION FOR INCLUDING TRANSPORT INTEGRALS

cD N1 FLAG ON PBOBLEM TYPES ~

cD 0~ MEANING NO PROBLEMS WERE SOLVED, OR THEY
CD WERE EIGENVALUE PROBLEMS

cD 1 IS ADDED TO THIS IF A FIXED SOURCE FORWARD
cp PROBLEM WAS SOLVED e

cD 10 IS ADDED TO THIS IF A FIXED SQURCE ADJOINT
cp PROBLEM WAS SOLVED

C N2 RESERVED FOR FUTURE USE

c N3 RESERVED FOR FUTURE USE

c N4 RESERVED POR FUTURE USE

{CONT)
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C._..._~_,-._........_-.—.—...,...........a——-—a-—_-.—..m.......,..,..._...'--.»_........._——.,...,‘...._.. D e . T A A £ T W T AP 2w o

C.....,..vu R ¥ 2 o . ) T . o . <& A AR T ok R T U P P R T YD R P AP T o L4 AT, <A BTV BT ALY S R P A 4 T T g R P S S o Y W WY AT 37 W TT T

CR INTEGRALS FOR PRODUCTION ¥ACRO

C

CL ((T (4,K), %1, NZONE) ,K=1, NGROUP)

C

cw ¥ZONE*NGROUP

c

ch T FLUX (K) *CHI (KK) *ADJOINT (KK) , IMTEGRAL OVER KK

ch AND VOLUXE, DIVIDED BY THE HULTIPLICATION

CD FACTOR, VOLUME INTEGRALS

c

C—w--n-‘nm AT < R s W T T S P T oA AR T S W WP W s ATR AT W CETLAHTS T A T Ak . A9 o e v TS 7o s B s T . g P U AR S P . RO o P . e . g o . ar we E
C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm T T G < o 15, —— " AT it . AT AT U T TS AT o o - - [T,
CR FLUX, ADJOINT VOLUME INTEGRALS

c

CL ( (5 (M,KK) oM=1,NZOKE) , KK=1,NGROUP)

(o

cW NZONE*NGROUP, NGROUP RECORDS

C

ch S FLUX (KK) *ADJOINT (K) VOLUME INTEGRALS

ch (INTG GROUP K)

c

c mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
C...—--—-.... o e . 0 A AT W AT A £ TS AT WD e A | — o B AT KN I e i D PR Y D A AU S U D AV A S WD e W W B W A R i DY G S K A . o P
CR INTEGRALS FOR TRANSPORT

c

cc PRESENT ONLY IF IND.GT.O

c

CL ((D(#,K),H®=1,HZ0NE) ,K=1, NGROUP)

c

cW NZONE*NGECUP

c

CD D FLUX (K) *ADJOINT (K} VYOLUHME INTEGRALS

C. ________________________________________ G Ty WO RO R IR R H S - T W T T s Ak okt Y S A Sk G AP AT W FHT W e
CEOF

O A ok o o ok o R o ok sk ot e ol i o ko oK e R K s g ROk Sk ko o AOROK SRR OB R ok e o sk o SRR K KoK ok ok ok K ok o ik ko

CN DATE 1- %76 (REFERENCE TO 11~26-74)

C

CF RSTRTR

C

CE CODE-BLOCK~-DEPENDENT RESTART DATA SAVED FOR RECOVERY
c

C %k B ok ofe ook ol ko ok ok ok K sk ool ok ok 3K K R R e e e sl SR e o Yoot e ok kool b o el o o o ol odo oK R R o e ol sk koo ok R kol bR SkoR R ok K

(CONT)



CR FILE IDENTIFICATION

CL HHAME, (BOSE(I),I=1,2) ,IVERS

CH 3*HULT + 1

ch HNAME HOLLERITH PILE NAME - BSTRTR - (AS)
CD HUSE (1) HOLLERITH USER IDENTIFICATION {2A6)
cD IVERS FILE VERSIONW NUMBER

ch YERSION 1 RESERVED FOR VENTURE

CH MULT 1 FOR LONG WORD, 2 FOR SHORT WORD HACHINES

C ——————————————— o~ am e e an s wa e ewm e mm MR am e wm e @ am e o R em e an
CR FILE REFYERENCE INFORMATION

cL NFI{,NFI2,NFI3,¥1,N2,N3,86,N5,NR1,NR2,L2

CW 11

o)) NFI1 - NFI3 FILE IDENTIFICATION FLAGS

Lot Nt - N5 RESERVED

cD NR1 NUMBER OF RECORDS OF TYPE 1 DATA

cp NRZ2 NUMBER OF RECORDS OF TYPE 2 DATA
CD L2 LENGTH OF ALL RECORDS OF TYPE 2 DATA

CR RECORD LENGTHS OF TYPE 1 DATA
cL (NWIR (J) ,Jd=1, NR1)
CW NE1

L)) NWIR(J) NUMBER OF WORDS IN TYPE 1 DATA RECORD RECOBRUD J

Cor = = o e - - cme o em mm am am e am am e s e e wm e e e B e o em s um e e em e s we em e

o T T T T T I

CR RESTART DATA RECORDS, TYPE 1

cL {DARS (I} ,T=1,M)

CW M, WHICH IS NWIR(J) FOR RECORD SEQUENCE J , NR1 RECCRDS

cD DARS (I) CODE DEPENDENT RECOVERY DATA ARRAY TYPE 1

(CONT)



CR RESTART DATR RECORDS, TYPE 2
CL (DARR(I) ,I=1,12)
c¥ L2, NR2 RECORDS

CcD DARR (I) CODE DEPENDENT RECOVERY DATA ARRAY TYPE 2

C 3ok ol e ool e deofe e e el ok ek kol e 3k sk ek o ol i o ok e e KON Ok Rk R ok ke kol s ok ol o 2 ok sk o de stk ok skl ok ko o

o DATE 1-1-76 (REFERENCE TO 11-26-74)

C

CF FISSOR

c

CE FISSION SOURCE BY INTERVAL AND DISTRIBUTION FUNCTION

c

C ok &k ok ok e e ok ook i o ok o o ool ol ok Rcook o o ok ok e ok ot ook ok ok A8 ks ko ek o o ke ok o ol R ole ks ke R ook ok e ok e ok ok kb ok R
C ——————————————————————————————————————————————————————————————————————
CR FILE IDENTIFICATION

C

cL HNAME, (HUSE (I),I=1,2) ,IVERS

CW 3*MOLT + 1

C

cD HNANE HOLLERITH FILE NAME - FISSOR - (A6)

cD HUSE HOLLERITH USER IDENTIFICATION (A6)

cD IVERS FILE VERSION NUMBER

C

CN MULT 1 FOR LONG WGRD, 2 FOR SHORT WORD HACHINES

C

C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
C —————————————————————————————————————————————————————————————————————
CR FILE REFERENCE INFORMATION

C

clL TIME, POWER, KEFF, IM, JM, KM, NCY, NG, NZ

C

W 9

c

cD TIME REFERENCE REAL TIME, DAYS

cD POWER POWER LEVEL POR ACTUAL NEUTRONICS PROBLEN,

cD WATTS THERMAL

o)) KEFF MULTIPLICATION FACTOR

cD IH NUMBER OF FIRST DIMENSION FINE TNTERVALS

CD Ju NUMBER OF SECOND DINENSION FINE TNTERVALS

cD K8 NUMBER OF THIRD DIMENSION FINE INTERVALS

(CONT)
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cb NCY REFERENCE COUNT (CYCLE NUMBER)
CD NG NUMBER OF ENERGY GROUPS

cD NZ ) NUMBER OF ZONES

C

o o e ot e e e e e o e o e e a2 S T S e o A . s e S0 o s e A e o

o o o e e e e e e S e e e o ok . e o . i . o S 200 0 0 ot i e e < P o A i i i e e e

CR FISSION SOURCE DISTRIBUTION FONCTION
C

CL ( (CHIM (N,K) ,N=1,NZ) ,K=1,NG)

cW NG*NZ

CD CHIM(N,K) SOURCE OF NEUTRONS IN GROUP K, ZONE ¥

CR FISSION SOURCE VALUES
CL ({PFS(I,J),I=1,1IM),Jd=1,0N)
Cw IN*34, KM RECORDS

C PFS FISSION SOURCE BY INTERVAL, NEUTRONS/SEC/CC

o v e s o o o ot e e s i o 8 i o e o A . S . . e S R T s S, e S . S S b SR i o v

CEQF

CHCHCHCHCHCHCRCHCHCHCRCECKCRCHRCRCACHCRCHCRCRCRCRCHCCH CHCHRCRCHCHCHCRCHC*C

o

c THE FOLLOWING DOCUMENTS HOW A SPECIAL FILE IS WRITTEN IN BCD
C FOR TRANSHMISSION OF THE MAIN RESULTS FROM A neutironics problem
C TO ANCTHER INSTALLATXON IN A SINGLE FILE, COMPLETE WITH THE
C ESSENTIAL DOCUMENTING INFORMATION

C

Cokkok fokohskokkkk kphkk DREFPTINTTIONS ok okakoodk sk ok ok sk ok ok sk ok 5k 3 ok ok a ke a3 ek sk ool o ok skt sk ok ok
C IGON GEOMETRY

C NZONE NUMBER OF ZONES

C NREG WUMBER OF REGIONS

Cc NZCL WUMBER OF ZONE CLASSIFICATIONS

C NCINTI NUMBER OF FIRST DIMENSION COARSE MESH INTERVALS

C NCINTJI NUMBER OF SECOND DIMENSION COARSE MESH INTERVALS

C NCINTK NUMBER OF THIRD DIMENSION COARSE MESH INTERVALS

C NINTI IN NUMBER OF FIRST DIMENSION FINE NMESH INTERVALS

C NINTJI,J M NUMBER OF SECOND DIMENSION FINE MESH INTERVALS

C NINTK, KN NUMBER OF THIRD DIMENSION FINE MESH INTERVALS

C INBL FIRST BOUNDARY INDICATOR ON FIRST DIMENSION

C IMBR LAST BOUNDARY INDICATOR ON FIRST DIMENSION

C JMBT FIRST BOUNDARY INDICATOR ON SECOND DIMENSION

c JMBB LAST BOUNDABY INDICATOR ON SECOND DIMENSION

C KMBF FIRST BOUNDARY INDICATOR ON THIRD DIMENSION

C KMBR LAST BOUNDARY INDICATOR ON THIRD DIMENSION

(CONT)
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NES NUMBER OF BUCKLING SPECIFICATIONS

NBCS NWUMBER OF COKSTANTS FOR EXTERNAL BOUNDARIES

NIBCS HUMBER OF CONSTANTS FOR INTERNAL BOUNDARIES

NZWBB HOMBER OF ZONES WHICH ARE BLACK ABSOQRBEKS

NTRIAG TRIAGONAL GEOMEBEILRY OPTION

NRASS REGION ASSIGNMENT OPTIONM

NGOP MOT USED

XM¥ESH COARSE MESH BOUKDARIES, FIRST DIMENSION

YMESH COARSE MESH BOUNDARIES, SECOND DIMENSION

ZHKESH COARSE MESH BOUNDARTIES, THIRD DINENSICN

IFINTS NUMBER OF FINE MESH INTERVALS PER COARSE MESH
INTERVAL, FIRST DIHENSION

JFINTS WUMBER OF FINE HMESH INTERVALS PER COARSF HESH
INTERVAL, SECOND DINENSTON

KFINTS NUYBER OF FINE MESH INTERVALS PER COARSE MESH
INTERVAL, THTRD DIBENSIOHN

VCLR REGION VOLUKES

BSQ BIUCKLING VALUES

BRDC BOUNDARY CONSTANTS

BNCT INTERNAL BLACK BOUNDARY COHBSTANTS

NZHBB ZONE NUMBERS ®ITH BLACK ABSORBER CONDITIONS

NZC ZONE CLASSIFICATIONS

NZN¥R ZONE NUMBER ASSIGNED TO EACH REGION

MR REGION ASSIGNMENTS TO MESH INTERVALS

IF NRASS EQ O COBRSE #ESH
I¥ NRASS FEQ 1 FINE MESH (ALWAYS THIS OPTION)

TIHE FEFERENCE REAL TIME

POWER POWER LEVEL

VoL VOLUME OVER WdICH PCWER WAS DETERHMINED

NCY REFERENCE COUNT (CYCLE NUMBER)

PR PO¥ER DEESITY

KDIM ¥UMBER OF DIHENSTONS

NGROUGP ¥CHBER OF ENERGY GROUPS

ITER OUTER ITERATIOX MNUMBER AT WHICH FLUX WAS WRITTEX
EFFK EFFECTIVE MULTIPLICATION FACTOR

FREG REGULAR TOTAL FLUX

sk W o ds o o ok ok ok o 35 4 SRk ok o dfsic o ke oA e 2 o okl ok ol Ao sz o e ok K ok e ok ol ok s e obofe e sk Rk s sk sk ok ek e ek ke R ks ok el

EEEREHEERER KGR AR R TSR A kxR kF ek A ko b Rk kol Ak kR A gk hokskok fk Rk kk g
READ(ISAV,1001) (TITLE{I) ,L=1,24)

ok A ke e ok Aok K ok o o N ke sk sk AR & ol kol Rl el ok o Al o kol sk e Xrde S e ol ok skl e ok ok BB MR %
START INTERFACE GEODST

READ (ISAV,1002) IGDM,NZO¥E, ¥REG ,NZCL ,NCINTI ,NCINIJ RCINTK,

* NINTI,NINTJ,NINTK,I4BL, XMBR,JMBT,IMBB,KHBF,
* K¥BR, 8BS, NBCS,NIBCS,NZ¥BE,NTREIAG,NRASS,
* (¥GOP (I) ,X=1,5)

NCBNDI = NCINTT + 1
READ {ISAV,1003) (XBESH{I) ,T=1,NCBNDI)
NCBNDJ = NCINTJ + 1
READ (ISAV,1003) (THESH {J) ,J=1,NCBNDJ)

(CONT)
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NCBNDK = NCINTK + 1
READ {ISAV,1003) (ZMESH (K) ,K=1, NCBNDK)
READ{ISAV,1002) (YFINTS(I},I=1, NCINTI}
READ(ISAV,1002) (IFINTS(J) ,I=1, NCINTJ)
READ (ISAV,1002) (KFINTS(K) ,K=1, NCINTK)
READ(ISAYV,1003) {VOLR(L) ,L=1, NREG)
READ {ISAV,1003) (BSQ{N} ,N=1,NBS)
READ (ISAV,1003) {BNDC (N} , N=1,NBCS)
READ (ISAV,100 3) (BNCI(N),N=1,NIBCS)
IF(NZWBB.LE.0) GO TO 100
READ(ISAV,1002) (NZHBB (N) ,N=1,NZ¥BB)
100 CONTINUE
READ(ISAY,1002) (N2.C (M) ,M=1,NZONE)
READ(ISAV,1002) (NZNR(L),L=1,NREG)
I¥ (NRASS.GT.0) GO TO 101

IT = NCINTI
JJ = NCINTJI
KK = NCIRNIK
GC TO 102
101 CONTINUE

II = NINTI
JJ = HINTJ
KK = NINTK

102 CONTINUE

pc 103 K=1,KK

DC 104 J3=1,33

READ(ISAV,1002) (MR {T) ,I=1,11)
104 CONTINOE

103 CCNTINUE
c END INTERFACE GEODST
C
-------- 2 ot o e e ok ok e ol ok ke oot ek ek e e ol ok ateofe s s X ok dfe ol kel o ol e ool e skokole ke ek e st ok ol o ok 3 ok ok ok o kR KR RE ¥
C
c START INTERFACE PWDINT
c
READ (ISAV,1004)  TIME,POWER,VOL,IN,JH,KH,NCY
C IN = NINTI
c J¥ = NINTJ
c KM = NINTK

DO 105 K=1,KH

pDC 106 J=1,J4

READ (ISAV,1003) (PHR(I),I=1,IH)
106 CONTINOE
105 CONTINUE

END INTERFACE PWDINT

o ok o ok ok ok ko sk ot 3 e ok ol e de sl i Y ook e ol e ook el ksl e ook s e e ok o o ki ok ok ook e ok o ok ok ok ok ok ok ok ek R ok ok sk e ok

START INTERFACE RTFLUX

e XeReRoaRaReRt

READ (ISAV,1005)  NDIM,NGROUP,NINTI,NINTJ,NINTK,ITER,EFFK,POWER
DC 107 K=1, NINTK
DO 108 MN=1,NGROUP

{CONT)
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DG 109 J=1,NINTJ

READ (ISAV,1003) (PREG (I) ,I=1,NINTI)
109 CCNTINUE
108 CONTINUE
107 CONTINUE

END INTERFACE RTFLUX

ook e ok ok ofe 3k v ok ko el gk ok ol e ok sk sk o sk ok s ol ok sl oK ke oo ol o ok o of ok ek sde sk sfe ode e e kool o kol ok ok ek kR ok ok

onaoan

1001 FCRMAT (1226}
1002 FORMAT {1216}
1003 FORMAT (6E12.5)
1004 FORMAT{3E12.5,416)
1005 FORMAT(616,2E12.5)
c
C %% ok sk sk sk vk ook o o sk o ok ook o ok e Sk sk o ok ok e ok ok e ok o o e R 2k Sk e otk ook ok o ol o e ok ok kR ol ke alod ok kol ook kol ok sk ok
CEND OF THE FILE
CHCHCHCACHTKC 2 CHCHCRCRCHCECRCHCRCRCKCHCRCECHCHCHCHCCHCRCRCHCRCRCHCRCRCHT

SEARCH File Additions

The specification NRCH(1) » 0 is used to indicate that macroscopic
cross sections are to be recalculated during a direct search. Option
NRCH(2) indicates secondary search specifications (reference set) to be
used if the specified constraints on the search eigenvalue are not satis-

fied using the primary search data.

FIXSCR File Additions

In the local implementation, a fixed source may be given by zone and
energy. By setting IDIST = 2 and NDCOMP = NZONE (in the 1D record), the
input processor will read a 10D record ((ZSOR (L,N),L=1, NDCOMP), N = 1,

NGROUP), NZONE being the number of zones and NGROUP the number of groups.

END OF SECTION
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Section 205: Overlay of Blocks of Program

For effective use of the computer memory, groups of subroutines must
be brought from auxiliary storage when needed and laid over others no
longer needed. Shown in Fig. 205-1 is a listing of the cards which
are recommended for execution on an IBM machine to provide overlay
instructions to the loader. The main program resides in memory along
with any subroutines (and label common) not assigned to an overlay level.
Control to the lowest level must be resident for return through the
calling routines without input of program. Thus the specifications
identify groups of subroutines along any access sequence, control
passing to level D, then level E, etc. Blocks of program assigned
("inserted'" at) the same level share storage; the storage requirement

for program is the sum of the maximum requirements at each level.
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FIGURE 205~-1. PROGRAM OVERLAY STRUCTOURE

THE FOLLOWING LISTING SHOWS THE CONXUNICATION THROUGH THE ROUTIKES

WITH TWO LEVELS OF OVERI.AY, D AKD E.

I¥ ADDITION,

(AND LABEL COMMNON BLOCKS) ARE IN THE ROOT SEGMENT.

M
CLOSEA

OVERLAY LEVELL

THE FOLLOWY NG

INSERT VENT,XIORO,CORRE,CORI,CORP,GNAN,CORD,CORB,DDSP,DASU,JPRT

OVERLAY LEVELD
INSERT GETCOR,FRECOR
OVERLAY LEVELD

INSERT HACT,MAC2,MAC3, MACL , HACS, 43AC6,HACA, ¥ACB,CHDHM, SCAL

OVERLAY LEVELL

INSERT COWT1,#5H0, NBCF, #5H1,C0ON2, CON3,CKCT, CO N4, CONS,CONT,CON9, BNDY

I¥SERT HSH3,GECQ
VEKLAY LEVEICL

INSERT PHIA,PHI1,PHI2,PHI3,PHIS,PHIS, PHI6, PBND,PC2D,PC3D,EDBN,SDBN
INSERT PHI7,TOIP,QDBN, RDBN,GRXP,PANT, PAN2

OVERLAY LEVELD

INSERT ORLX,ORIANUCK,ORLB,ORLC,ORLD,ORLE,ORLF ,1.AXE,LAXP,BATG, LUCK

INSERT ORLER,CCN6,RCOV
OVERILIAY LEVELD

INs
I BT ZVRV,CKGY, FIRD, FLMH
OVEE LAY LEVELD

INSERT COHC{, LCAL; FLXR, FXSR,BSQV, AONT,REVi; PRCS,ZI03
INSERT SAVY,SAVZ,SAV3I,SAVY ,SAVS5,SAVS,SAV7, FEFS

QVERLAY LEVELL
I

INSERT FSOR, SSOR, PSOR,FLUX,LTRG, BHAV,OELYX, ¥E¥E

OVERTAY LEVELE

INSERT dUEX, ETR1,ETR2,SGDA

OVERTAY LEVELE

INSERT DOIN,REES,WRES, PREC

OVERLAY LEVELE

INSERT FOU,SCUT,POG1, INK1,LOU1, LEK1
OVERLAY LEVELF

INSERT FOGZ,SCU2,PO02,INR2,L0G2, LEK2
OVERLAY LEVELE

INSERT FOU3,SCU3.POU3,INR3,LOU3,LEK3
OVERLAY LEVELE

¥®#T ADN1,ADN2_ ADE3,DCID_.DSDF,DINS,AJDS,DIM1,DIN2,CMES,CHVL,DIH3

RT OUTR,BALC,.ZINS,CHBF,CHEV,RDAB,XTRP,JUSB,ATED, FFGG ,XDUE, RELX

INSERT FOU4,S004,PO00%, INRY,LOUGE, LEKY, QDOE, QELX , SOUX, J1CY

OVERLAY LEVELE

INSERT FOUG5, SCU05,P0CIH5, INR5,L005, LEKS,J1C5

OVEBLAY LEVELF
I¥SERT FOU&,S0US, INRG, DELX
OVERLAY LEVELE

IVSERT FOUX,SCUY,POUX, INRX ,LOUX,LEKX,S0UZ, J1CX

CYERLAY LEVELD

I#ZERT EDIT, POUT,NBAL, SOBL,FISS, FLX®, BSQS, PNDN ,PTVL, PTZF ,JINT

OVERLAY LEVELD

I8SERT PERO,RTUB,MRPT,Q0UT,BRB1,BEB2,EASU

CYERTAY LEVELE
INSERT PERT,TUfY,LIFE,DAFA,MAPS, PHAP
OVERLAY LEVELE

INSERT JERT,JUFY,JIFE,JAPA,JAPS, IJMAP,JGET

END OF SECTLION 205

ROUTINES

AIN,DRIV,DiFF,SKER, FERR,STOR, NROD,DOPC, SEFK ,RITE,CRIT,TIHER,DEFILE
1.
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Section 220: Conversion to Other Computers

The reference code is designed for a large-memory, short-word,

IBM 360 model 360 or 370 machine. We anticipate another version of the
code being made available for long-word machines, which should be
obtained rather than attempt conversion. This discussion addresses
aspects of the programming which must receive attention in converting
between machines. Comment lines within the source deck identify
specific locations in the source language where special action is
required.

On an IBM machine, much of the calculation is done in double
precision and certain data carried as long words. On long-word machines,
this data should be carried as regular length and the associated double
precision operations changed to single precision. This change is
essential to minimize storage requirements. Alphanumeric characters
are carried in the guise of real numbers (Hollerith) as A(6) requiring
long-word storage on an 1BM machine.

As a convenience for conversion, a multiplier is carried through
the routines, MULT or NDP or LX(39), which must be 2 for an IBM machine
and 1 for long-word machines. This multiplier adjusts the lengths of
words for short-word storage and manipulations avoiding extensive
reprogramming upon conversion.

The following basic changes are required for use on a long-word
machine:

1. Remove all REAL*8 statements.
2. Supply single precision library functions, e.g., SQRT and EXP

instead of DSQRT and DEXP.
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b

(hange ail references to '"Double Precision,'" as in function
defin “ion statements.

Chanpe 1Lx(39) to 1 from 2.

i

Change the apostrophes which delimit alphanumeric strings in FORMAT

Q3

and DATA statements.

Rep’ -v» he subroutine TIMER to provide information from the local

ICLOCK -- gives cpu time
ITTIME -- gives clock time
MODEL -- gives computer model
IDAY -~ gives alphanumeric: Month-Day-Year
ISTIME -- gives cpu time remaining
JOBNUM - - gives alphanumeric: Job number
IOLEFT -- gives the number of I/0's remaining
TIME -- gives alphanumeric: time of day
SHEA *ae data access, transfer requirements including the dynamic
oper - 4 of the files with parameters which are problem dependent
and ~=faulting the files to be resident by replacing the data
hand'’ag service routines.
Prov o ce local capability to allocate memory at run time, or fix
the zllocations for container arrays and communication.
Provide the necessary overlay structure.

Th

[¢]

2-sembly language routines can only be used on compatible IBM
mach*res (otherwise use the Fortran source decks).
Cori=ct any discrepancies missed by the IBM compiler @nd please

reoort this information back to us).
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Local system routines would be needed to satisfy items 6, 7, and §,

unless those supplied are compatible.

The code is used locally as a module of a computation sys:

Effecting stand alone capability should not be hard using those mod
needed including input data processing capability. It should be wost
attractive to implement an equivalent modular system, eithsr cue-to-one
with that in use at ORNL, or adapt the modules into anoiher systsm.

In converting this code, consideration should be given to data
storage and transfer requirements. If large problems are ©o be sclved,
even a large extended core cannot contain a set of the fiux values, so
they should be carried on disc. Some of the data is ussd frequently,
so it needs to be carried in even a small memory; suggestions fox

partitioning the data are given in the source program on cowmment linss.

END OF SECTION
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Section 225: The Data Handling Strategy

Utilization of a specific computer facility can be improved by
carefully tailoring the procedure of calculation. Of critical importance
in solving large problems are the details of transferring data to and
from memory using auxiliary storage within any hierarchy. The available
fast memory and slow memory must be allocated carefully, and judicious
choices must be made between alternatives in blocking the data and
transferring it between the individual storage devices. Modifications
to the procedures employed in this code may be found desirable. However,
the capability of a particular facility in regard to rates of data
transfer and storage must be well understood, as well as the strategy
employed in this code, if a modification will effect improvement. A

s description is given in this section of the strategy used in handling
data.

Consider an internal point for one energy group in a three-dimensional
multigroup problem. It is located on a row of points, several of these
rows make up a plane of points, and the third dimension involves a
series of planes. The points are carefully arranged so that in ths
usual orthogonal coordinate systems, each internal point has six nearest
neighbors, two on the row, two on a column in the plane, and two in the
adjacent planes. Space coupling yields equation constants relating the
flux at the reference point with values at nearest neighbor locations.
Given the peintwise fission and inscattering source values, and removal
terms for absorption and outscattering, this space problem is partially
reselved by inner iterationm, recalculation of the individual flux values

by applying the equations repeatedly over the mesh in an ordered fashion.
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During each outer iteration the fission source is recalculated,
and for the space problem at each energy group, the scattering source
is recalculated. Thus, at any space point location, fission or
scattering at any energy may produce a source at any other energy. A
full scattering matrix is allowed which permits scattering from any
group to any other group; however, often there is only downscatter.

Thus, the calculation proceeds from the highest energy downward. Source
neutrons may be produced by fission at any energy, but these are summed

to give a single space array of the total fission source with distribution
of this into the individual groups at each point in space.

In one of the modes of data handling, the flux values are stored on
a direct access device with data for each plane stored in a direct access
record, ordered by increasing plane number and then by increasing energy.
Thus, the data is carried in the order needed for the inner iteration
process at one energy. Then for the source calculation, they may be
accessed one plane at a time over energy groups by skipping down through
the file. The individual records may be accessed directly with a single
repositioning of the disc head using the capability of the operating
system to account for record access points. Upon reading or writing
flux values, they are processed sequentially in the forward sense as
much as possible to minimize the amount of disc head movement.

With one of the calculational procedures, one plane of flux data
must be transferred into memory and the next operation involves writing out
another plane of newly calculated flux data, not on adjacent planes. To
realize cfficient data handling, the last iterate and the present iterate

flux values are carried in different files. This permits sequential
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reading and writing. A third file is also carried because the outer
iteration acceleration schemes need three successive iterate sets of
the fluxes, and the calculation proceeds by alternating between the
three direct access flux files.

The equation constants for space coupling and total loss are
stored on disc as needed, initially calculated from nuclide concentra-
tions and microscopic cross sections. This is a direct access file
which permits efficient data access during iteration for whatever mode
of data handling is selected.

The macroscopic scattering cross sections are blocked for all
compositions and energy groups by inscattering group. Thus, the
inscattering source calculation is done by sequential processing of
this data, one record read for each energy group each outer iteration.

..... The primary data handling modes in the code are described below in
the order of increasing amount of data transfer required. At the time
this is written there are parallel routines to implement seven different
procedures. The important ones are the space stored, the multirow
stored and the multiplane stored mode with provision for multilevel
storage transfers. The all-stored mode is little needed, especially
with the capability to default key scratch files to memory and the
ability to store the full flux file in memory when space allows in the
space stored mode. The row-stored mode for three-dimensional problems
is so hopelessly data transfer bound as to be generally an ineffective
computer application. This modification will require a major
restructuring of the code to realize all the gains desired regarding

storage use and flow of a calculation.
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All Stored Mode

For small problems, the equation constants, one set of flux
values, and the necessary source values are stored in the computer
memory. The calculation proceeds with very little data transfer.

Special procedures are used for one-dimensional problems.

Space Stored Mode

For problems of moderate size, the equation constants, the flux
values, and the necessary source values are stored in the computer
memory for the space problem at one energy. Inner iteration is done
with minimum data transfer, but the scattering data and flux values
must be read for the source calculation. When the assigned memory
space allows, a later version of the code may store all of the flux

values in this mode.

Multirow Stored Mode

For two-dimensional calculations, in this mode the space problem
at one energy is further partitioned to reduce the memory requirement.
Data for several rows of fluxes are stored and inner iteration proceeds
with the minimum amount of data transfer for a given problem using the
least amount of memory necessary. 'This mode of data handling is a subset

of that described in more detail below.

Multiplane Stored Mode and Multilevel Data Transfer Mode

In these modes, data for several planes of a three-dimensional
problem are stored in fast memory or slow memory. Consider the array
of mesh points normal to rows for an arbitrary number of columns and

planes:
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Column 1 2 3 4 5
Plane
1

2

5

6
Each dot represents a row of points for which new inner iteration iterate
estimates of the flux values will be obtained simultaneously. The
calculation proceeds in such a way that the latest values are always
used in the calculation in the normal ordered sense. That is, using
the first subscript to refer to column and the second to plane, after
fluxes for row al,l are obtained, fluxes for rows al,Z and aZ,l may be
calculated. Considering that the calculation proceeds in order across
the columns on each plane using the latest values of the fluxes obtained

for the plane above and the column to the left, the process may be

described as follows:

Plane Iteration
1 1
2 1
1 2
3 1
2 2
1 3
4 1
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Plane lteration
2 3
1 4

The procedure is as follows after it develops to the stage where n

planes of data are stored:

Plane Iteration
m 1

m-1 2

m-2 3

m-3 4
m-n-1 n-2
m-n n-1
m-n+1 n

Completion of the procedure is as follows, where M is the total

number of planes:

Plane Iteration
M n-3
M-1 n-2
M-2 n-1
M-3 n
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Plane Iteration
M-1 n-1
M-2 n
M n-1
M-1 n
M n

Storing the equation constants and source values for n planes and
the flux values for n+2 planes, n inner iterations are done each full
sweep with one access of equation constants, one access of old flux
values, and one transfer of new flux values for each plane of the
problem. If more inner iterations are done than the available storage
allows in one sweep, the process is repeated. The amount of data
transfer is minimized relative to computation with use of the minimum
amount of memory for that problem which is too large to be handled in
the more efficient modes above. Equation constants and also flux values
are each separately blocked into one record for each plane. We may block
more than one plane of flux values in one record when the amount of
memory assigned allows this, and probably also the source, in an advanced
version.

In the "multilevel data transfer' mode, data is moved from slow

memory into fast memory in small blocks as needed.

One Row Stored Mode

To handle the largest possible problem in the minimum amount of
memory, and yet solve for new values of the fluxes along a row, this
mode of data handling treats only one row at a time. It applies only

to the three-dimensional problem (the space stored mode satisfies
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one-dimensional problem requirements and the multirow stored mode
satisfies two-dimensional problem requirements). Storage is allocated
for the necessary five rows of flux values and equation coefficients
associated with one row. The calculation proceeds across the space
mesh each inner iteration. Calculation on local computers in this mode
show it to be very inefficient in total time due to the extreme data

transfer penalty.

efaulting Files to Memory

When the allocated memory space allows, individual data files are
selectively defaulted to reside in memory as most effective in reducing
data transfer, using the capability of the data transfer service

routines.

Changing File Structure

The two places in this code where data transfer is a severe burden
are the problem iteration and calculation of the regular, adjoint flux
integrals. The code closes out the direct access files containing the
flux values prior to performing the perturbation integrals and reopens
them, often with a different blocking (changed record lengths). Such
action of closing and reopening the same file may not be accomplished
simply with some computer systems using certain modes of access. In
this code the mode of data access is changed when necessary to perform
the task with the local implementation of the data transfer service

routines.

Input/Output Operations

The number of data Input/Output operations is approximated for

three-dimensional problems by the following equation:
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Let 1

the average number of inner iterations in each group,
L = the number of planes treated simultaneously <I,

N = the number of outer iterations,

G = the number of groups,

B = the average actual inscattering bandwidth in groups,
P = the number of planes,

R = the number of rows,

@ = the number of data Input/Output operations, disc-memory;

r[2] all stored mode
[8 + B] space stored

I +1 ’
Q= AG} 500 + (N + 2) {4 + P[ﬁ{~ ] + Bj multiplane stored }

4

L4 + P§I4I + 4 + B] one row stored

Where A is the average physical block size of the records, 1 for small
problems but increasing with problem size. There 1s a direct dependence
on the scattering band width not shown and Chebyshev acceleration adds 3
inside the square brackets. Typically N = 3PR/I.

Our attempts to seek near optimum selection of the mode of data
handling as dependent on problem size and local charging algorithms
have not been successful. On the local computers it is often
desirable to use a large amount of memory to minimize data input/output

provided job turnaround is satisfactory.

END OF SECTION
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APPLICATION INFORMATION

In the following sections, application information is supplied which
is directed to the needs of the program users. They are referred to the
introductory section of this report for a broad coverage of the function
of this neutronics code block, and to the later sections for the
computation algorithms. A user flow chart is presented in Figure 001-1
on page 001-3. Specific program considerations are given in
Section 401. The discussion (disclaimer) on input data is in 403, error
checking is covered in 405, and restart and recovery in Section 410.
Section 440 addresses edited results and 450 the selected sample

problems.

END OF SECTION
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Section 401: Program Considerations

Application of this code will generally be more reliable the more

intimately familiar the user is with its contents. 1In this section,

certain specific aspects are addressed.

1)

2)

3)

4)

Major program options have been covered in Section 204. Generally,
these provide unique functions with minimum interaction. Automated
selection between procedures is provided as default, but reasonable
care must be taken to obtain desired edits without excess printing
and to control the generation of interface data files.

There are a few constraints on the range of values of the

variables:

a) Data used together cannot vary by more than perhaps 10ie and
carry significance (atom density times cross section for the
contributions to a macroscopic cross section from two or more
nuclides),

b) Data outside of the range of IOiqo can be expected to produce
chaos (power level for example), and

c¢) Large step changes in the mesh spacing, say by a factor of
100, can cause difficulty in converging the iterative process
to effect an acceptable solution.

All major data arrays are variably dimensioned and storage allocation

is done dynamically. Problems have been solved which contained

over 1000 points on a line and over 100 energy groups have been
treated.

The larger the problem measured in terms of space-energy points, the

more Storage required or the more data which must be moved from

auxiliary storage during the calculation. Several data handling

modes are provided by parallel coding which require increasingly



5)

6)

7)

8)

9)
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less core space and more data handling. Automatic selection of the
mode of data handling is done to effect efficient computer use.
Actual storage requirements are a complicated function of the
variables (the nature of the problem and its size) and the mode of
data handling; these requirements are edited the first access of
this neutronics code to provide information; this data could be
collected as background by a user for reference.

The constants to which values are assigned within the code are
generally limited to those covered by equations in the 700 series
of Sections. Of course constants like pi are assigned values to
machine significance.

It is assumed that dimensions are in centimeters, nuclide
concentrations are in atoms/barn-cm, and microscopic cross sections
are in barns/atom. Quite generally the product of nuclide
concentration and microscopic cross section must yield a macroscopic
value having units of cm™ ' for consistency.

Man-machine interaction during execution is not allowed.
Microfiche output is now available locally and is recommended for
the bulk of the printout.

The programming has been done in a way to avoid underflows,
overflows, and divide by zero. We recommend that the operating
system be allowed to detect such occurrences and terminate a
calculation. Should such an event occur, a cause should be
identified in the data supplied or traced to a deficiency in the
program and rectified; it is probably due to inadequate data or

possibly dinconsistent instructions.



10)

11)
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The use of special implementations of the computer system data
transfer routines can indeed improve computer utilization, but
some caution is in order regarding the user burden when the use
has strange requirements and mysterious input/output errors may
cause serilous loss in productivity.

Except for nuclide concentration searches, the microscopic cross
sections and nuclide concentrations are accessed only once; all
subsequent calculations are done with the macroscopic cross
sections calculated initially, including the estimate of the
conversion ratio and the perturbation integrals and associated

results.

END OF SECTION
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Section 403: Input Data

The VENTURE code block does not read data from cards. All data for
a calculation must be provided through the interface files. To supply
the required data, a separate data processor must be used. The agreement
reached in the code coordination effort was that all input data would be
processed by a freeform format input data processor. An input procassor
developed at LASI?is in service as revised locally. Certain special input
processors have been implemented and are in use locally which read data
in a fixed-form format; these are included in the VENTURE code package.
A separate document accompanying this code describes the punched card

input required by these processors.

o END OF SECTION

4G. E. Bosler et al., "LASIP-111, A Generalized Processor for Standard

LA-6280-MS (April 1976).

bD. R. Vondy et al., "Input Data Requirements for Special Processors in
the Computation System Containing the VENTURE Neutronics Code,™ ERDA
Report, ORNL-5229 (1976).
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Section 405: Error Checking

An error discovered in the process of calculation is normally fatal
and its cause is identified by an error message. Also, certain warning
messages are printed, as to indicate lack of convergence if the maximum
number of iterations or the allowed time is exceeded.

The fatal errors are one of the following types: those encountered
in processing interface data files (error number 666), data transfer
errors (error number 444), other interpreted errors (error number 555),
and system detected errors. Hopefully the information printed will
adequately describe the cause allowing corrective action to be taken.

For arithmetic operations where necessary, checks are made for
overflows, underflows, and divide by zero. In a normal run, these types
of errors should not occur; if one does occur, it is deemed fatal, and
the cause should be traced and corrective action taken.

Input data processors contain a reasonable amount of checking to
identify discrepancies and cause abort before calculations are done;
still such a wide range of data is allowed that effort to confirm that
correct data was supplied will be a good and usually necessary invest-
ment. For example, if a nuclide is assigned a concentration which is
multiplied by the wrong power of ten, the wrong problem will be solved

and incorrect interpretation of the results is probable.

END OF SECTION
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Section 407: TImplied Capability and Limited Implementation

Most of the interface data files used by the VENTURE code are
formatted in accordance with standard definitions drawn up in an
interinstallation effort. We have attempted to keep the coding up to
date with the specifications through the periocd when these were being
modified to satisfy requirements. We believe this implementation is a
reasonable one in that the records are properly read and written
within certain imposed restrictions and interpretations, at least
compatible with the locally implemented modules which process input data.
S5till certain of these specifications imply capability which is rather
general and only a subset of possible alternatives has been implemented
in some instances. This section addresses this subject to identify what
is actually available for application. The qualifications are given

for each of the files for which restrictions apply.

Files ISOTXS and GRUPXS

The fission-source data by nuclide may be in the form of
vof(g) X (g>g'). The macroscopic data is recast into the separable
form vZf(g), ¥x(g) without carrying the full group to group dependence.
Both the production term (vZf) and the distribution function (x) are
made zone dependent. The Py data must contain the Legendre coefficient.
Only simple blocking of the scattering data is assumed, not certain

possibilities which could lead to only partially filled data blocks.

File GEODST
At the time this is written, 30° and 90° triangular and (©-R-a)
geometries have not been implemented. The user is cautioned to refer to

the figures in Section 702 for actual orientations implemented; no other
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options are available. Thus hexagonal geometry is treated as shown in
the figure with the X and Y coordinates at 60° and limitations of the
implementation usually require full core treatment when hexagonal
assemblies are involved because usual symmetry conditions cannot be
represented directly. The repeating (periodic) boundary with the
opposite face is allowed only for the first boundary condition (IMBL),
no others. The rotational symmetry condition (repeating, periodic, with
the next adjacent face or along the face) is allowed only for the right
boundary of the first dimension (IMBR) causing the point of rotation

to be remote from the origin. No option which causes the geometry to

be reduced to a triangle has been implemented; a triangular flux array
would impact many of the interfacing data files, and a resolution of the
difficulty has not been addressed. To blank out a volume of a problem,
a material can be assigned to it along with the internal black absorber
condition which applies the nonreturn boundary condition at the internal

surfaces of this material.

File Search

The direct criticality search procedure is implemented for
NMAXNP = 0. In this calculation, changes in macroscopic scattering and
transport properties are ignored causing the result obtained to have some
uncertainty due to this approximation, although automatic recalculation
of the macroscopic cross sections is done to move toward a consistent
solution. If NRCH (2) is >0, a secondary search will be done when
constraints are not satisfied unless overriddem by IX (11) in the DTNINS
record in the CONTRL file; it is possible for the data to present a

never-ending calculation, so care must be exercised in specifying more
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than one set of search data, the instructions for their use, and the

constraints for acceptable solutions.

END OF SECTION
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Section 410: Restart and Recovery Procedures

A simple scheme is used to save the data required for restart and
to access it for a subsequent calculation. On user request, a restart
data file (RSTRTR described in Section 204) is generated periodically
and also after a successful exit is made from the iteration procedure.
Thus continuation is allowed only from some well-defined state of the
calculation. A successful completion can occur only if (1) the conver-
gence criteria specified are satisfied, (2) the limiting number of outer
iterations is reached, or (3) automated procedure for assessing
processor time or data transfers causes termination of the iterative
process before system termination. The data is saved periodically on
a cycle of processor time when so specified in the CONTRL file record.

The restart procedure is designed to effect the continuation of
the iterative process terminated at some point in a previous computer
run. The general procedure consists of recalculation of cross sections
and equation constants from the data in the normal user input for the
new computer run. Then the data saved from the prior run is accessed
and the calculation continued. Certain initialization procedures are
bypassed, as of the flux and the acceleration parameters. Some ghanges
in the input data are allowed, some will be ignored, and others will
cause abort; generally, no change is admissible which would cause
changes in the locations of data in memory.

The data saved for restart consists of one iterate set of flux
values and the principal data used in the iterative procedure. This
data is sufficient for continuing the iteration, but not always

sufficient to duplicate the process; acceleration schemes requiring
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more than one iterate flux set will establish only after the necessary

information has been accumulated.

For a usual restart, the following are necessary (see file CONTRL
in Section 204):

1. The special restart data file must be available from a previous
computer run (normally on tape for short-term storage).

2. Restart must be specified in the user input control data.

3. The number of outer iterations will often have to be increased to
allow the desired convergence level to be satisfied.

4. Complete data file requirements must be satisfied normally
requiring a full user input data deck (the same as for the
original run), except that when such interface data files as
GRUPXS have been generated and saved by other code blocks, they
need not be regenerated.

Input data which cannot be changed because the data storage
locations would be altered include the following; note that the saved
iterate flux values will be used for the restart:

1. Number of dimensions and energy groups.

2. Number of mesh points along each coordinate and the number of

material composition zones.

3. Mode of data handling during the iterative process, and normally
the number of inner iterations which alters the use of data
storage.

4. Basic problem type should not be changed (as from P1 to Py, usual
eigenvalue problem to search or adjoint or fixed source).

Generally the previous procedure will be continued. Thus, the

overrelaxation coefficients will be saved and used. However, such basic
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control options as of use or not of Chebyshev acceleration on outer
iterations may be changed.

Although it might be better to start the problem over, the following
are allowed changes for restart:

1. ©Nuclide assignments and concentrations.

2. Microscopic cross sections.

3. The geometry (i1f both are orthogonal, not if one is hexagonal or
triagonal), usually not desirable.

4., Boundary conditions excluding any change in the mesh-point assignments
of internal black absorber.

5. The mesh point spacing and the assignment of points to regions and
regions to zones.

Thus if a modest change 1s desired in any of the above data, it may
be made.

Note also that any problem may be started from an existing data file
of the flux values, RTFLUX, provided that the data in this file maps proper-
1y in space and energy. Remapping is allowed; when dene, it is assumed
that a regular expansion of the mesh points was made and a simple linear
interpolation of flux values is done. This allows a many-point problem to
be initialized from a coarse solution, and/or fewer groups to be treated.

Automatic Initialization of successive neutronics problems is pro-
vided for by the control module in the system using the point flux values

and information about the acceleration data.

END OF SECTION






440-1

Section 440: Fdited Results

This discussion about the printout of data follows the editing
order. All edits are preceded by brief headings for documentation.
Major edits are under user control. The use of microfiche is

recommended locally for primary edits.

Problem Documentation

Information is first edited which documents the neutronics problem
and use of the computer and the program to solve it. Certain details can
not be edited, a task assigned elsewhere, as to an input data processor
or a file editor:

1. Zone (material) assignments to mesh points,
o 2. Nuclide concentrations and referencing data to effect concentration,
microscopic cross section association,
3. Microscopic cross sections, and
4. The contents of certain data files which may be used.
The problem documentation information edited is:
1. Reference time obtained from the nuclide concentration file ZNATDN.
2. Certain problem documenting information including the type,
independent variables and meshpoint locations.
3. Memory requirements with alternatives.
4. Data file space requirements.
5. Selected mode of data handling.
6. Microscopic group-ordered cross section file title.
7. Macroscopic cross sections on option.
e 8. Information about initialization and selection of acceleration

procedures and parameters.
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Iterative Results

Each outer iteration, information is extracted about the iterative

process and is edited unless overridden by user option:

1.

The calculation mode: normal, Chebyshev acceleration, single or
double error mode or forced extrapolatiomn.

Assessment of inner and outer iteration convergence.

The maximum relative flux change from one outer iteration to the
next.

Estimates of the eigenvalue of the dominant outer iteration exrror
vector.

The outer iteration acceleration factors including estimates of
the parameters for extrapolation.

The total fission source,

The estimate of the eigenvalue of the problem (the multiplication
factor or the search problem eigenvalue or the rebalancing factor for
fixed source problems), determined from an overall neutron balance
or other formulation in use.

In addition, information about the inner iteration behavior may be

obtained as a higher level of edit.

When iteration on the neutronics problem is terminated, certain

information is printed:

Estimate of the absolute relative flux error (associated with
termination of the iteration process).
Reliability estimates of the multiplication factor.

Iteration parameters in use.



8.

10.
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Gross neutron balance information (leakage, losses, productions,
and power level normalization).

Processor and clock times used.

Fraction neutron loss to the search parameter for certain
criticality search problems.

The peak first group flux in each zone and the flux spectrum where
the peak first group flux occurs.

Peak power density, and peaks by zone.

Primitive conversion ratio and fissile consumption rate given the
required data.

Energy spectrum and space map by zone of the adjoint flux when

available.

s Results from the Calculation

10.

11.

Edits of the following are available to the analyst on option:
Neutron balance data by energy group and zone.

Neutron balance by energy group.

Average flux by zone and group, regular and adjoint.

Point neutron flux values.

Power density map over space.

Power density traverses through the peak.

Neutron density map over space (given group velocity data).
Neutron density traverses through the peak.

Adjoint neutron flux values when calculated.

Calculated axial buckling values by traversed zone and group when
requested on one or two planes.

Certain perturbation information given solutions for both a regular

problem and an adjoint problem (neutron lifetime given group velocity
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data) at the macroscopic cross section level (microscopic data is
not reaccessed) including the estimates for 100% changes in the
macroscopic cross sections and a simple assessment of uncertainty
in k assuming equal relative uncertainties in the individual

macroscopic cross sections.

Other Results

Other results may be produced by other modules in the system, such as
integrated reaction rates and interpretation (fuel conversion ratio, etc.)

by the reaction rate module.

END OF SECTION
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Section 450: Sample Problems

A separate report is to be issued covering a number of sample problems
since a few are inadequate to check conversion to another computer type
than used in the development.

Three sample problems are presented here. The first two were taken
from the set of problems for which reliable answers are known and were
reported in ORNL-TM-3793, "Job Stream of Cases for the Computer Code
CITATION." Thus, the descriptions for these problems in the form of input
data for this older code are available as well as the results. A third
problem involves both a nuclide search and a dimension search for a fast
reactor.

Table 450-1 shows a list of the input for these problems as three

o "stacked'" cases. An input data deck begins with the necessary job
control instructions. These cause access of the catalog procedure and
include override values of the parameters for allocation of data files to
auxiliary storage, and supplemental information about files, as needed.
The data set containing the codes is defined causing the dyxiver routine to
be placed in memory, where it remains resident, and is entered. The input
instructions define a control module which is accessed by the driver to
perform its initial role which requires input data instructions including
a title, the space allocation for data arrays, and the calculational
path through the code modules. Each block of input data used independently
by a module contains a header card and is terminated by an END card. The

input data are processed by the input processor.a Table 450-2 displays

Ay - . . .
Primary system documentation and input processor requirements are covered
in ORNL-5158,
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input data for two of the cases in the form required by the special
processorsa but not used for the edits reported herein.

Table 450-3 displays selected printout from the computer run. Since
this code is active and undergoing continuing development, the output
shown may not agree one-to-one with that produced by a specific version;

however, the end results should be in very close agreement.

VENTURE Sample Problem 1

"Periodic Boundary in Theta-R Geometry, Case A4 with Black Absorber

24X20X3 Group, 1440 Points Stream of CITATION Cases ORNL 72"
This is an eigenvalue problem in OR geometry which is a 180° segment.

Due to symmetry conditions, the problem can be solved with reflecting
boundaries by reorientation (see Case Al in the reference report). As
oriented, the repeating, periodic boundary condition is required to
account for net leakage across the surface, testing this option. The
number of internal mesh intervals is shown along coordinates for each
coarse interval and the spacing in centimeters. Note that the first
coordinate in the user input specifications is O, not R. The ''surface'
at the start of columns does not exist (OR vanishes as R + 0), but seenms

to in general purpose instructions.

aInput requirements for special processors are given in ORNL-5229.
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o a = 0.1707963

COARSE MESH SKETCH OF VENTURE SAMPLE PROBLEM 1.2

The macroscopic cross sections are provided in pseudo microscopic
form to generate an ISOTXS crbss~section file. The normal neutron flux
eigenvalue problem was solved‘and then the adjoint problem using keff
from the normal problem. The problem was solved with all data stored in
the computer memory which minimizes input/output of data between memory
and disc. The default procedure for such small problems contained in

memory is one inner iteration at each group.

VENTURE Sample Problem 2

"3-D (X,Y,Z) Buckling Search (0ld Whirlaway Case)
9x9x5x2 Group, 810 Points Stream of CITATION Cases ORNL 72"
R This problem treats one-quarter of a reactor and involves three: zones

of different compositions. Again macroscopic cross sections are presented

a. . . . .
Origional erroneous material assignments have been corrected.
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as pseudo microscopic, but here in the group-ordered file GRUPXS requiring
no processing prior to use in the VENTURE code block. The problem is
artificial in that the solution requested is the eigenvalue of a buckling
search, not usually directly applicable to a three-dimensional problem.
However there is simply a neutron loss rate equal to DBi_¢ over the
problem. The eigenvalue problem was solved in the multiplane stored mode
of data handling and also the following adjoint problem. Perturbation

calculations are also done and space point importance maps are printed.

1

I | |
(0,0,0)

1

q LCHE
j 8.
/
/
/
/
4

COARSE MESH SKETCH OF VENTURE SAMPLE PROBLEM 2.
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VENTURE Sample Problem 3

"2-D 17 x 10 - 5 GROUP SEARCH PROBLEM
PRIMARY SEARCH = NUCLIDE (DIRECT) - SECONDARY SEARCH = DIMENSION"

This problem treats two-dimensional (R,Z) geometry. The input in-
structions for the problem first instruct the code to do a direct nuclide
criticality search for a multiplicati&n factor of 1.01 by adding a mixture
of heavy metal (238U, 239Pu, 2WPu). The solution is found to be 19%
addition of material, exceeding the amount of material allowed to attain
the desired multiplication factor. The input instructions further specify
that all of the available material (100%Z) should be added and that a sec-
ondary search be done to attain the desired state. This second search is
a dimension search in which the widths and heights of specific coarse mesh
intervals, the shaded area shown in the sketch, are to be adjusted. The
requirements for the desired state are determined and the adjoint problem
is solved and perturbation calculation done. 1In addition, nuclide reaction
rates are produced and printed. The geometric description of the problem

is shown on the next page.
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COARSE MESH SKETCH OF VENTURE SAMPLE PROBLEM 3.
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Reference Test Problems

To support conversion of the VENTURE and related codes to other com-
puters, a set of reference test problems has been selected. Input data
for these problems and results are included in the code distribution

package.a

4ORNL/TM-5887
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Table 450-1. Input Data for Sample Problems in the
Input Processor Format

//USERID JOB {CHARG), 'ADRES-NAME COL 25-44°¢,

// MSGLEVEL=(1,1)

//*CLASS  CPU95=034,REGION=0350K,10=025,LINES=19,CARDS=00

//STEP EXEC BCLDVENT,

// NB1=1,NB2=1,F1=3520, B2=15360,NX=2,NS=50, ¥1=100,

s/ N2=6,N3=13,N4=1, N5=6 ,86=10,N7=1,N8=1,N9=2,N10=2, ¥11=3,N12=5,N13=2,
/7 N14=1,N15=10,N16=4,

// GOSIZE=350K

//G0. SYSIN DD #

=CONTRGL1
stk SRk FoRR kR kR ke k bk VENTURE RUN — SAMPLE PROBL EM S# % dofsdosk sdokodr o ook ko ok ol ok
018000 1
1 6 7 1.7 1 6 T 9 0
E¥D
INPUT PBOCESSCOR DATA.
0V COWNTRHIL

1D PROINS /
* PERIODIC BOUNDARY IK THETA-R GEOMETRY, CASE A4 WITH BLACK ABSORBER *
* 24%X20%3 GROUP, 1440 POQINTS FWRD. + ADJ. *
*GECRUN#* *GWCRUN* 0.0 T74R O 100R
1D DVRINS 0.0 100R 18000 O 3I9R
1D XCPIHS 0.0 100R 0 00 1 0 18R 1 1 0 76R
1D DTHINS 0.0 3R 1.0 3R 0.0 1.6 0.0 0.0 1.0-6 5.0-5 0.0 88R
0 3R 10 1 013R50 08R 1 11110 67R

1D * # 0.0 T00r O 100R

OV ISOTXS

i 3 3 0 1 0 1 1 1

2D /

*CITATION MACHCS TO HICROS *

*ZONE1* *ZONE2* *ZONE3* 0.6 0.4 0.0 0.0 3R 0.0 4R 0 3 6
D (*ZOWE1*} 3R 0.0 1.0 0.0 48 0 1 1 0 5R 1 1 0
0 1 122 111
5D 1.987677-1 3.832180-1 9.962149-1 0.0 3R
0.0 2.864-2 1.132-1 0.0 8.0-14 1.0-12
0.0 9.4375+410 1.088+11 0.6 0.4 0.0
7D 0.0 0.0 4.378-2 0.0 4.295~;
4D (*Z20HWE2*} 3R 0.0 6R 0 8R
0 1 122 111
5D 1.8205-1 2.745745-1 3.333333-1 0.0 3R
1.3-2 8.0-3 0.0
70 0.0 0.0 4.3-3 0.0 2.5-3
4D (*20NWE3%) 3R 0.0 6E O 8R 1 1 0
0 1 122 111
5D 2.438430-1 3.261580-1 5.048977-1 0.0 3R
0.0 2.9-3 7.16-3
70 0.0 0.0 2.016~2 0.0 1.392-2
0V GEODST
1 /
8 316 1 &4 4 12620 1 3 3 1 2 1 1 /
1 6 3 1 0 1 05R /
3B 7/

(CONT)



0.0 1.707963-1 1.
0.0 30.0 35.0 u5.

“ 8 48 8 g

6 4 4 6 s

5p

7.685832+1 6.3+2 7.68

2.775439+1 2.275+2 6.83

2.455197+2 2.0125%+3 2.45
1.0-3

0.0 3R 0.4692 0.0 2R 0.0

2 111/

14rR 2 1 2 158 3 4R

70 7/

(1 4R 2 BR 3 4R 4 8R) bR

(5 4R 6 BR 7 4R 8 B8R} 4R

(9 4R 10 8R 11 4R 12 8R) 4R
(13 4R 14 BR 1% 4R 16 8R) 6R
OV NDXSRF

10 /
31 3 3 3 0
20 /
(*ZONE1* *ZONE2* *ZONE3*) 2R
(1 2 3) 2R
3D /
3.12535243 5.550879+1 4.51
OV ZNATCN
1D 7
0.0 0 3 3 1
2D /
1.0 0.0 0.0 0.0 1.0 0.0 0.0
STOE
END
INPUT PROCESSCR DATA.
0V CONTRL

1D PROINS /

* 3-D {X,Y¥,Z) BOCKLING SEARCH
* RUNNING IN THE PLANE STORED
* * % * 0.0 74R O
iD DYRINS 0.0 WOR 18000 O
1D ICPINS 0.0 1W0O0R O 23R 1
iD DTNINS 0.0 1.0 0.0 10.0

0.0 88R
3k 1 4 1 0 13r 50 O
1 0 1 1 02 O 1 2 O

1D * * 0.0 100R 0 100R
0V GRUPXS
10 /

2 3 0 1 0 1 18 0 O
2D /

* GRUPXS CROSS SECTIONS FOR VE
(*ZONE1* *ZONE2* *ZONE3*)
1.0 0.0 0.0 2R 0.0 3R

4p /

* *) 3R (*CITNXS*) 3R

450~9

570796 1.741593 3.741593

0 70.0

5832+ 1 6.3+2 2.775439+1 2.275¢2
1851+ 1 5.6+2 6.831851+1 5.6+42
5197+2 2.0125+3

2R 0.4692 /
/
/
/
/

0.0 68 0 3R 3 0 0 O

6035+3 1.0 38 1 3R

0.0 1.0

{OLD WHIRLAWAY CASE) - 9X9X5X2 *
MODE - 4 PLANES STORED *
100R

99R

0 76R

1.0 28 0.09 0.0 3R 1.0-6 5.0-5

8R 1 5R 0 1 0 1 6R
2 4 0 38R

025110 3R

0 1 1 0 0

NTURE SAMELE PROBLEM *

(* *) 3R/

(CONT)
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0.0 3R 6.25-11 2.5-11 0.0 0.0 3R
03R 0 1 12rR 0O O7R
5D /
2.222222-1 1.960784~1 2.777778-1
0.0 38 /
4.0-4% 5.0-4 5.2-4 /
8.0-4 2.0-4 0.0 /
5.0 2.0 0.0/
1.0 2R 0.0 /
SD /
2.777778-1 2.949854~1 3.831418-1
0.0 3R /
1.55~3 3.8-3 8.0-3 /
3.15~3 2.5-3 0.0 /
20.0 10.0 0.0 /
0.0 3R
7D /
1 3R 1 3R
8D /
0.0 3R
7D /
2 3R 1 3R
8D /

0.0 3.3-3 0.0 5.2-3 0.0 6.7-3
OV GEODST

1/

1 3 3 1 3 1 1 9 9 5 1

0 SR /
up s

0.0 8.0 16.0 25.0

0.0 18.0

0.0 15.0

8 2 3/

S /

5/
5D /

2160.0 2160.0 2830.0 /

0.0109045 /

0.0 1.0430 1.0+30 0.0 1.0+30

0.4692 /

1 3R /7

1 2 3/
m /

(1 4R 2 2R 3 3R) 9R /
7D /

(1 4% 2 2R 3 3R) 9R /
70 /

(1 4% 2 2R 3 3R) 9R /
0 /

(' 4R 2 2R 3 3R) 9R /
D /

(1 48 2 2R 3 3R) 9R /
OV NDXSEF
1D/

0.0 3R 0.0 3R

/

/

1.0+30 /

(CONT)
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3 1 3 3 3 0
2D /
(*2ONE1* *ZONE2* *ZONE3*} 2R 0.0 68 O 3R 3 0 0 ¢
(1 2 3) 2R
3D /
2160.0 2160.0 2u30.0 /
1.0 1.0 1.0 /
LI B
0V ZNATDN
iD /
0.0 0 3 3 1
2D /

/

OO -4
COoOC
O -0
» & 8
SO O
- O g
DO\

STOP
END

INPUT PROCESSCR DATA.

0V CONTRL
1D PROINS /
* 2-D 17X10 ~ S GROUOP SEARCH PROBLEM
* PRIMARY SEARCH = NOCLIDE(DIRECT)} ~ SECONDARY SEARCH = DIMENSION
* * ok * 0.0 74r 0 100R
1D DVRINS 0.0 100R 18000 0 99R
iD XCPINS 0.0 100R 0 3R 1 0 188 1 1 0 76R
1D DTHNINS /
0.0 3R 2345.0 1.0 0.5 0.0 4R 1.0E-6 5.0E-5 0.0 88R /

93R 1T3R O03R 7 O9R 35 08B 1 1 0 % %3 0 1 0 0 1

¢ 0 5 1 1 063k 1 0 1 1 O03R 1 2 0 41R
1D RRTINS 0.0 WOR O 58 1 0 0 O 1 1 1 0 1 O B6R

1D * * 0.0 100R 0 100R
0V ISOTXS

iD 7

515040 111

20 /

* 5 GROUP LMFBR CROSS SECTION SET.
*0-16 * *NA=23 * *CR-N * *MN-55 * *FE-N * *NI-N * *MO-N *
*TA-181% *U-235 * #U~238 #* *PU-239% *PU-240% *PU-24 1% *PU-242%
*SSFP %
0.755037 0.238025 0.006938 0.0 2R /
2579.927 891.3213 324.5034 109.3773 41.77161 /
1. 49 182F+7 B8.2085E+5 6.73795E+4 9118.816 748.5188 1.0E-4 /
0369 12 15 18 21 24 27 30 33 36 39 42
4p /
*0~16 * *CITNXS* *0-16 * /
15.86200 0.0 5R /
000 05811001/
1. 2 3 2 2/
1 5R
5D y
2.001419E+00 3.538190E+00 3.530899E+00 3.586U479E+00 3.802440E+00
0.0 0.0 0.0 0.0 0.0
6.058659E-03 0.0 0.0 0.0 4.388488E-16
0 /

(CONT)



2.166470E+90
1.122229E-07

4p s
HFER-23 K

2.786G0 0.0

- ¢

2
&
1 3 2

w

1 5R
D/
2-036969E+00

3.6U47539E+00
3.562880E+00

¥CLTNESH* *NA-23

SR /

1 05rR 1Y10 01/
2

2/

3.538750E4¢00

0.0 0.0 0.0 0.0 0.0

1. 786468E-03
1. 54 1630E-06
2.000000E+00
7.550370E~01
7D /
2.522210E+00
1. 4526 00k~ 04
up ;
*CR N

52.01000 0.0

50 0 0 5R
1 2 3 &
1 5R

5D /

1.8959608+50

E.1L6489E-04

450-12

b.272870E-01
1.304229E~01

*/

4.970710E+G0

1.094200E-03

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

2.380250E-01

3-7436008+00
1.609309E+01

® *CITHNXS* *CR-N

SR /
1001/
S/

2.847693E+00

0.0 ¢.0 0.0 0.0 0.0

3.482590%-03 4.594687E-03
1D /

2.6546 10E+00 3.672379E+00
6.128579kE~03 1.203190£+01
t.296340E+00 3.122900E-02
4p s

*8N-55 % *CITNES* *HN-55
5416600 0.0

6.937999E~03

4.186479E~01
1.4 148400E-01

* /

4.099540E+00
7.548548%-03

2.405180E-01
1.094289E-01

3.463120E+C0
3.677589E+00

1.154060E+01

1.207110E~02

0.0 0.0

4.857280E+00
3.054230E+00

1.258560E+01

1.759329E~01
8.492589E~02

3.192539E+00

5.€816218E-03

1. 324430E~-01
5.049740E-02

4.485060K+00

1.374699E-01 1.257820E~01

4.268352E+00 3.8983%0E~02
0.0 G.783079E-04

0.0 0.0 2.785960E~-05

* 7

511
1 2 3 4
1 5R

5D /
2-5916U45E+00

SR /

0SSR 11001/

2/

5.235530E+00 1.%56410E+01

0.0 0.0 0.0 0.0 0.0

4.334409E~03
1.0731C0E~04
2.000000E+00
7.550370E~01
D/
2. 9TUT 198400
1.9119008-02
1. 46 8200E+02

1.13UB90E~02 5.448210E~02
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
2.380250E~01 6.937929%8E-03

f.436820E+00 4.263680E~-01
7.81700%E+07 4.3228420E-01
1.011380E-01

LY

#*PE-N * *CTINXS* *FE-N * J
55.845Q00 0.0 3R /

S0 0 0 5R 10 01 /

1 2 3 4 2/

(CONT)

6.231160E+01

3.652869E-01

0.0 0.0

1.396750E+01
5.918168¥%-03

1.002660E+02

3.2099069E+00

1.851780E-01
5.526468E~04



1 5%
SD /
2. 16 8090E+00 3.482690E+00
0.0 0.0 0.0 0.0 0.0
2.519850E-03 5.252499E-03
9D /
2.565539E+00 3,926530E+00
1. 16 1280E~02 3.834049T+00
1. 047090E+01 6.575638E-02
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6.566119E+00
1.946380E~02

3.419320E-01
8.631974E~02

9.031090E+00 1,055570E+01
5.07u910E~02 2.0568308-02

7.636379E+00 3.941110E~02
0.0 5.354248E-04

4p /
*NI-N ¥ *C
58.7C€500 0.0

500 0 5R
1 2 3 &
1 58

5D /

2.299829E+00

TTHNXS* *NI-N
5R /
11001/
e

4.373010E+00

0.0 0.0 0.0 0.0 0.0

7.411516E-02
T/
2.735749E+00
5.383287E-03
1.617560E+01
4D /

*MO-N * *C
95.06600 0.0

511 0 5R
1 2 3 3
1 SR

5D/

3.6637TIE+00
0.0 0.0 0.0
2.3661358-02
1. U85650E-03
2.0000008+00
7.550370E-01
70 /

4, 577000E+00
1.588170E~02
2.030290E~02
4D /

9.0235778~03

4.621889E+00
1.589590E+01
9.805179E~02

ITNXS* *MO~N
5R /
11001/
4/

T7.085640E+00
0.0 ¢.0
6.210750E-02

* /

1. 7166 09E+01 1.579460E+01 1.633450E+01

1.7144808-02 1.964660F~02 3.636980E~02

2.409970E-01 1.836949E+0171 1.592640E-01
9.364969F~02 0.0 5.395960E~04
0.0 0.0 4.569250E-06

*/

7.328959E+00 7.271429E+00 1.323520E+01

2.112700E-01 1.5183398+00 3.248449E+00

0.0 0.0 8.0 0.0
0.0 0.0 0.0 0.0

2.380250E-01

8.479199E+00
C.658T10E40Q

6.937999E~03 0.0 0.0

8.577590E~01
3.783630E-02

7.315180E+00
8.116618E~C4

7.333905E-02
9.642159E+00

C.0 2.710729E~05

*TA~181% *CITNYXS* *TA-181% /

179. 3900 0.0
711 0 53R
1 2 3 3
1 5R
5p /

4.137730E+00 6.666160E+00 1.075010E+01

0.0 0.0 0.0

7.648069E~02 2.887599E-01 8.258290E-01

SR /
11001/
2/

0.0 0.0

1.687169E+01 2. 470959E+01

3.224420E400 6.866340E+00

3.773690E-03 0.0 0.0 0.0 0.0
2.000000E+00 0.0 0.0 0.0 0.0

7.550370E~01 2.380250E-01 6.937999E-03

i/

0.0 0.0

{CONT)



450-14

5.053289E+00 7.277980E+00 1.300570E+00 1.042640E+01
2.069130E~02 1.451040E+01 7.560796E-02

3.95€910E-02
4D /

*([- 235 * *CITNES* *{~235 * /

233.0250 3.148100E-11
058 11001/

111
1 2 3 3
1 SR
5D /
4.760500E+00

3/

8.222549E+00

0.0 0.Q 0.0 0.0 0.0

6.753063E-02
1. 2764 CIE+00
2.667859E+00
7.550370E-01
7D /
4.856970E+00
6.262079E~03
1.911250F-02
4p /

2.953396E-01
1.422770E+00
2.457879E+400
2.380250E-01

7.983669E+00
1.135630E+01
2.076550E+-05

®*UY~238 * *CIINIS* *U-238

236.0060 3.162500E-1%1
058 11001/

211
1 2 3 4
1 5R

5D /
4.846750E+400

i/

8.571039E+00

0.0 0.0 0.0 0.0 0.0

8, 457595E~02
3.346020E-01
2.786519E+00
7. 5503 7T0E-01

0 /

4. 9883 10E+00
4.470190E-02
1. 838379E+01
4D /

1.702173E-01
2.376520E-04
2.4661439E+00
2.380250E~01

1.002520E+01
1.698059E+01
1.897440£-02

0.0 uUr /

1.359530E+01

8.323002E-01
2.397539E+00
2.433379E+00
6.937999E~-03

7.749810E-01
3.006150E-02

* /

0.0 u4r /

1.344970E+01

1

oo e
\OOO@
\DOOW
OOOO

. 804530E~
.0 0.0 0.
.0 0.0 0.
-~ 937999E-03
1.818430E+00
4,110790E-02

3.887150E-04

PU-239% FCITRES* *PU-239% /

236.9390 3.25€600E~-11

111 0 5R
1 2 3 3
1 5R
50 /

4. 954309E+00

1001/
2/

B8.718180E+00

0.0 0.0 0.0 0.0 0.0

1. 86 9965E-02
1.683070E+00
3. 1596 J0E+00
7.550370E-01

70/
4.755099E+00
1. 4038 SOE~02
2. 24676 40E~02

1.703405E~01
1.54462%E+00
2.908930E+00
2.380250E-01

8.660600E+00
1.228110E+01

0.0 4R /

1. 417930E+01

5.475597E-01
1.793650E+00
2.874129E+00
6.937999E~-03

6.9T7440E~01
5.996540E-02

(CONT)

1.500330E~-03

1.914319E+01
2.340739E+00
5.349660E+00
2.430380E+00
0.0 0.0

1.061980E+01
6.019380E~-04

1.768149E+01

9.735650E-01

0.0 0.0

1.325670E+01
5.152000E~0%

1.948119E+01

1.758830E400
3.520470E+00
2.870483E+00
0.0 0.0

1.152080E¢01
7.393650E~04

1. 379640E-01
2.003560E+01

3. 180229E+01
6. 114193E+00

1. 433350E+01
2.430070E+00

1. 128620E~01
1., 172910E+01

1.890230E+01

1.381539E+00

1. 357570E-01
2.062660E-04

3.271959E+01

5. 105810E+00
9.376289E+00
2.870060E+00

5.938330E-02
1.321710E+01



4D /

450-15

*PO0~240%* *CITNXS* *PU-~-240%* /

237.9900 3.282700E-11
058 11001y

211

1 2
1 SR
5p /
5.054463E+00

3 4

3/

8.6046T0E+00

0.0 0.0 0.0 0.0 0.0

9.490967E-02
1.58 34 60E+00
3. 146529E+00
7.550370E~01
0 7
4.944110E+400
1.617920E~02
1.921140E+01
up /

2.099380E-01
2.327840E~01
2.935940E+00
2.380250E-01

1.004 100E+0 1
1.696700E+01
3.237T760E-02

0.0 4R /

1.371420E+01

5.826710E-01
1.008230E-01
2.8T4260E+00
6.937999E-03

9.152250E~01
3.657120E-02
1.642760E-05

*pU~-241% RCITNIS* *PU~-241%

238. 9780 3.305100E-11
05R 11001/

111
1 2 3 4
1 5R

5D /

5. 1042 30E+00

3/

8.643849E+00

0.0 0.0 0.0 0.0 0.0

2. 668953E-02
1.703650E+00
3. 256940E+00
7.550370E-01
70 7

4.5296 70E+00
7. 122946E~-02
1.2999C0E+01
4D /

2.172995E-01
1.869960E+00
3.005619E+00
2.380250E-01

7.873819E+00
1.127190E+01
2.077500E-02

0.0 4R s

1.269630E+01

6.064100E~-01
3.036860E+00
2.973280E+00
6.937999E~-03

1. 165449E+00
4.141530E~-02
1.3%1030E-03

*pU-242% *CITNXS* *pU-~-2u42% /

240. 1450 3.276200E-11
O5R1T 1001/

311
1 2 3 2
1 SR

5D /
4.493779E+00

3/

7.721160E+00

0.0 0.0 0.0 0.0 0.0

4. 16 4982E~ 02
1. 453540E+00
3. 1228COE+00
7.550370E-01

™y
5.051700E+00
1.092240E-02
6.624369E-05

4p /
*SSFP
161.0000 0.0

1.358470E-01
1.398230E-01
2.8856308+00
2.380250E-01

9.356939E+00
1.935210E+01

* *CITHXS* *SSFP

ER /

0.0 4R /

1. 416950E+01
4.516167E-01
4.632320E-02
2.812289E+00
6.937999E~03
6.037650E-01
4.589510E-02
* /7

(CONT)

1.888170E+01

1.765706E+00
8.248240E-02
2.870649E+00
0.0 0.0

1.332420E+01
4.508259E~-05

1.976459E8+01

1.668990E400
6.653950E+00
2.96948 9E400
0.0 0.0

9.113990E+00
5.6569998-03

2.093379E+40 1

06 0E+00
«0

.0
-0

53
0
0
0

cooWw

3
0.
0.
0.
1.433580E+01
2.431760E+0 1

2. 418489E+01
5. 535801E+00

5.786900E~02
2.870070E+00

$.T41586E-02
1.091320E-04

3.767090E+01
5.6 14212E+C0

1.995859E+01
2.969060E+00

3.18E040E-01
2. 550660E-004

2.866119E+01

5. 900169E+00

1.291580E- 01
3.522350E~02
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400 0O5R 11001/
11 1 1 1y
1 SR
5D /
3.563750E-02 1.371830E-01 3.716339E~-01 9.294800E-01 3.085389E+00
0.0 0.0 0.0 0.0 0.0
3.680390E~02 1.409680E-01 3.771360E-01 9.283320E-01 3.130919E+00
7 /
0.0 0.0 0.0 0.0 0.0
0V GEODST
1 /
78 18 163 117 10112212216 10010 5R
3D /
0.0 12.482 42.482 57.482 77.912 98.659 113.899 /
0.0 12.24 30.34 56.06 /
2 3 5R /
33 4
5D / )
5991.004 63406.07 57658.88 106365.1 140865.9 124564.3 8859.246
93762.25 85263.5 157288.2 208306.6 184200.5 12588.94 133235.6
121159.0 223505.7 296002.6 261747.9 /
0.0 /
0.0 0.4692 2R 0.0 0.4692 2R /
0.4692 /
18R /
76R 33R 468 13R 258/
D /
(11 23R 3 3R 43R 53R 6 3R) 3R /
(77 83R 9 3% 10 3R 11 3R 12 3R) 3R /
(13 13 14 3R 15 3R 16 3R 17 3R 18 3R} 4R /

OV NDXSKF
1/

15 4 14 15 8 &4
2D /

(*0~16 * %NA-23 * %CR-N * *MN-55 % *FE-N * ®NI-N % *MO-N *
*TA~-181% *(-235 * *(7-238 % *pU-239% *pPU-240% *PU-24 1% *PU-242%
*SSFP % ) 2R /
0.0 15R /

15.862 22.786 52.01 54.466 55.845 58.705 95.066 179.39 233.025
236.006 236.999 237.990 238.978 240.145 161.0 /
06 558 7 212134y

(14 0 3R) 3F 7 O 3R /

123456781011 12 13 14 15 /

(123456 78910 11 12 13 15) 2R /
2345678 07TR/

1234856780910 11 12 13 14 /

(12345678910 11 12130 14) 2R /

01234567 07TR /
3/

266983.6 223505.7 187884.9 157288.2 296002.6 208306.6 498851.2
4459u8.4 /

1.0 0.0 1.0 6R /

55876. 42 4R /

10 3 4R 4 § /4

(CONT)



2 4R /
2 4R /
OV ZNATDN
1/
0.0 0 12
2D 4
1. 80U8 COE-02
2.078700E-03
2.896199E-04
0.0 14R 1.8
8. 218598E-03
5. 1864 98E~04
6. 197200E~06
2.945900E-03
5. 26 1999E~-05
9.999999E~ 16
4.3255008~ 04
2. 124799E-05
4.515100E~05
1. 134900E-02
8. 596398E-03
%.359998E-03
2.024000E-03
0.0 7R
4,42 e8C0E~02
0.0 7R 1.80
8. 218598F~03
5. 1864 98E~04
6.137200E-06€
2.945900E~03
5. 26 1999E-05
9.999999E- 16
4, 325500E-00
2.124799E-05
4.515100E-05
1. 1349 00E-02
8.596398E-03

0V SEARCH
i/
7 2 0 18R
2D /
1.01 0.0 0
9 0 0 0
sp /
1 2y

*0-238 * *PU
0.0001 0.00
W/
8 2 0 18R
2D /
1.01 0.0 O
s 0 7. 6
3D /
1.0 1.
0.0 0.
0.0
10 7
-10 0 19Rr/
STOP
END
/*
//

0 1
0 o.

LL .

2.2185988-03
£.186498E-04
2.796900E-05
04800E~02 /
2.945900E~03
5.261999E-05
9.999999E~16
4.325500E-04
2.124799E-05
4.515100E~05
1.134900E-02
8.596398E~-03
1.804800E-02
2.078700E-03
1.841500E-048
1. 149600E-02

450~17

2.945900E-03
5.261999E-05
7.217899E-06

4.325500E~04
2.124799E-05
4.515100E-05
1.134900E~02
8.596398E~03
1.804800E~02
2.078700E-03
1.8415008-04
8.218598E~03
5. 186493E-04
6. 197200E~06
1.688000E-03

9.999999E~16 /

8.111998E~03
4800E~-02 /
2.945900E~03
5.261999E~05
§.999999E-~-16
4.325500E~-04
2.124799E~05
4.515100E~-05
1.134900E~02
8.596398E~03
1.804800E-02
2.078700E-03
1.8471500E-04

4.359998E~03
2.024000E~03

4.325500E~-04
2.124799E~05
4.515100E-05
1. 134900E-02
8.596398E~03
1.804800E~02
2.078700E-03
1.841500E-04
8.218598E~03
5. 1864 98E-04
6.197200E-06

/

.00005 0.001 0.0 6R /

3R 3 1 2 0 0 0 8 O
~2u0% *pU-239% /

02 0.0003

/

.00005 0.001 0.0 6R /
310 0 2 0 0 0 0
0 1.0 0.0 0.0 /

5/

4.325500E~-04
7.179096E~03
5.2239388-04

1.134900E~-02
8.596398E-03
1.804800E~02
2.0787008-03
1.841500E-04
8.218598E~03
5.186498E~04
6.197200E-C6
2.945900E~03
5.26199%9E~05
9.999999%E~16
4,428800E~02

1. 149600E-02
9.999999E~16

1. 1349060E-02
8.596398R-03
1.804800E-02
2.0787008~03
1.841500E-04
8.218598E~-03
5.186498E-04
6.197200E-06
2.945900E~03
5.261999E~05
9.999999E~16

1R

18R 7

1. 134900E~02
9.960700E~04

2. 078T00E-03
1.841500E~04
8., 2185%8E~-03
5.186498E~0U
€. 197200E~06
2.945900E-03
5. 26 1399E~05
9. 999999E~16
4. 325500E~-04
2. 124799E~05
4.515100E~-05
8.111998E~-03

1.688000E~03

2.0787008-03
1. 841500804
8.2185988~-03
5. 186498E~04
6. 197200E~06
2. 945900E-03
5. 261993E~05
9.999999E~16
4.325500E~04
2.124799E~05
4.515100E8-05
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Table 450-2. Input for Two Sample Problems in the Special

Input Processors Format

//USERID  JOB (CHARG), "ADRES-NAME COL 25-44°,
// HSGLEVEL=(1,1)
//%CLASS  CPU95=03¥,REGION=0300K,I0=015,LINES=19,CARDS=00
//STEP EXEC BOLLVENT,
// ¥B1=1,8§B2=1,B1=3520,B2=15360,NX=2,N5=50, N1=100,
// N2=4,N3=13,Ni4=1, N5=6,N6=10,§7=1,N8=1,N9=2,N810=2,811=3,N12=5,N13=2,
/7 N1u=1,N15=10,
// GOSIZE=300K
//GO. STEPLIB DD DSN=TBF.BOLD.VENTURE.NEW.WCRKING
//6G0. SYSIN DD *
=CONTROL1
VENTURE SAMPLE PROBLEM RUN - USING THE SPECIAL INPUT PROCESSORS.
015000
2 2 6 2 171 2 2 6 2 7 0

END
DCHACR
3
CITATION MACROS TO MICROS.
008
3 10
1 1 1.677 0.0 0.0
0.0 0.04378 0.0
1 2 0.8696 0.02864 0.00755 0.8
0.0 0.0 0.04295
1 3 0.33u6 0.1132 0.1088 1.0
0.0 0.0 0.0
2 1 1.831 0.013 0.0
0.0 0.0043 0.0
2 2 1.214 0.008 0.0
0.0 0.0 0.0025
2 3 1.0
0.0 0.0 0.0
3 1 1. 367 0.0 0.0
0.0 0.02016 0.0
3 2 1.022 0.0029 0.0
0.0 0.0 0.01392
3 3 0.6602 0.00716 0.0
0.0 0.0 0.0
0
0.6 0.4 0.0
END
DCRSPR
1 1 1
3
ZONE 1
ZONE 2
ZONWE 3
END

(CONT)

-13

-12



450~-19

DVENTE
001
0.0
1.6
0.0
1
1 1 3 1
003
8 3 3 1 2 1 1t 1 0 3 1
0.001
0.0 0.0 0.4692
2
004
4 .1707963 8 1.4 4 .1707963 8 1.4
6 30.0 4 5.0 4 10.0 6 25.0
005
T 1T 1 1
2 1 2 1
Tt 1 1
3 3 3 3
012
0
1 3 1 11.0
0
013
3
3
ZONE 1ZONE 2ZOKE 3
020
T 1
o ZONE T 1.0
2 2
ZONE 2 1.0
3 3
Z0NE -3 1.0
0
END
DCHMACR
3
CITATION MACROS TO HMICROS.
008
2 1 0
1 1 1.5 0.0012 0.004 5. ~14
0.0 0.0033
1 2 1.2 0.0047 0.063 1.96875-13
0.0 0.0
2 1 1.7 0.0007 0.0004 5 -15
0.0 0.0052
2 2 1.13 0.0063 0.025 6.25 -14
0.0 0.0
3 1 1.2 0.00052 0.0
0.0 0.0067

(CONT)
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0.87 0.008

END
DCRSPR

{ad =

ZONE1
ZONE2
ZONE3
END
DVENTR
001

0.0

1T 11T 11t 1 1 0 0 11
003
w 1 ¢ 0 1 0 0 1 0 0 O
0.0109045
00u
4 8.0 2 8.0 3 9.0
9 18.0
5 15.0
005
11 1
006

QO WU N

013

3
ZONE1 ZCNE2 ZCNE3
020
1 1
ZOWE1 1.0
2 2
ZONE2 1.0
3 3
ZOWE3 1.0
0
END
/*
//



Table 450-3. Selected Printout for Sample Problems

GBOLD VENTURE VERS=2 RUN AT K=-2S ON 36007195, CONTHOL MOO=CONTROU1.

INITILIZATICN, REFERENCE - REMAINING 1/0= 24,94, CPU MIN= 3.00

RUN TITLE AND CONTROUL MOCULLE DATR

DATE=NGE~02=-7T7, TIME=0M,31.,37%, JOBNAMF=YEFa

HETFFRXKASXRKE XA RILKAVENTURE RUN - SAMPLE OROBLEMSEI®EXR2 00 s 2004 KRR L2

18000 ¢ (4] Q b 2] o bl 9 a9 0 i o n 0
1 6 7 1 7 1 6 v S
MOOULES TO BE ACCESSED 1IN CROER
1 -1 T t 7 1 © 7 9
ENITIAL (/0 FILE MANAGEMEMT TABLES
FILE NAME SUPPLIED BY
FILE NUMBER SEEK USER~EXIST USER=-STACK VEKSION wRITTEN
10 CONTRL 1 i
READ DATA AND ACCESS MDDULE 1 - REMAINING (/0= P8a.B8Te CPU MIM= 2499
READ INPUT DATA OM Y (LOCK=-AHEAC) —~ REMAINING 1/0= 24427, CPY MINS 2495
ACCESS MODULES e 7 ¢ ¢ € ~ REMAINING (/0= 28,14, CPU MIN= 2294
ITERATIONS s CONVERGENCEs SEARCH, PEAK POWER DENSITY, K - 18 -2.347790-05 9.3 5420034E-Ns 6119772
ADJOINT - ITERATIONS. C(CNVERCGENCES K - 11 1.747360-05 Na6119764
ACCESS INPUT MOODULE 1 - REMAINING [/0= 22+37, CPU MIN= 2479
READ INPUT DATA OMLY (LOCK=-AREAD) ~ REMAINING (/0= 21.83. CPU MIN= 2e00H
ACCESS MODULES 7 0 0o a0 - REMAINING /0= 21,63, (PU MIN= 2466
ITERATIONS s CONVERGENCE, SFEARUH, PEAK POWER DENSITY, K - 30 3.72399D-06 —9,939RKFE=N] 1.182865-02 c,tgenanar
ADJOINT =~ ITERATIONSs CONVERGENCE s K - n 1.36358D-05 O,09N0000
PRUMPT NEUTRDN L IFETIME, K/Z{INTEGRALICHI JNUSIGF ,PHIPRIx)) - 24222%2F 01 186826619
ACCESS INPUT MODULE 1 - REMAINING /0= 19445, CTPU MIn= 2439
ACCESS MODULES & T 9 0 9 ~ REMAINING /0= 13632 CPU MIN= 2229
CTERAT IONSs CONVERGENCE, SEARCH. PEAK POWER DENSITY, X - 1 1.7836220-N3 NN 3,22392F-13 1.00393G93
PRIMITIVE CONVERSION RATIC, ALSC FOR CRITICAL SYSTEM, FUEL CONSUMPTIONIATOMS/WATTI-SEC) - 1e22325% 1426298 2s 990 28F
AU JOINT — {TERATIONSs CONVERCENCE, K - 14 =3.%91%30-05 1.7085993
PROMPT NEUTRON L IFETIME, X/ZUINYEGRAL{CHTI NUSEIGF PHI,PHI*)) - 2,17065E-01 3.4N5687 -1
FISSILE INVAENTORY 9.€47813E 02 KGy CUONVERSION RATIG(RY) 1623325+ FISSILE CONSUMPYION RATS 1,1767BFE-18 KG/W-S5FC

FINAL I/D FILE WMANAGEMENT TAJLES
FILE NAWF SUFPLIED BY

FILE NUMSBER SFEX USFER-FX{ST USER-STACK VIRSTIN
tn CONTRL 1
i 1803 7X5 1
12 GE2DST 1
13 NO X SHF 1
14 ZNATON 1
15 GRUPX S 1
16 RYFLUX 1
17 ATFLUX 1
i3 RZIFLUX M
19 PRDINT 1
2% PERTUE 1
32 SEARCH 1
31 INATDN 2
32 GENDSTY 2

pd

33 NO A SRF

WRITYTEN
i

e i s o ek e e e e e b

12-0SY



KUN TITLE = PERIODIC BOUNDARY IN THETA-R GECM
24 X2CX3 GROUP, 1440 POINTS FWRD.

VENTURE NEUTRONICS CU

FEFERENCE REAL TIME FROM ZNATDN INTERFACE FILE

SOLUT{ON BY FINITE~DIFFERENCE CIFFUSION THEORY
ETGENYALUE PROBLEM
A REGUL AR ADJOINT wiLlL FCLLCwWw FCR®ARD PRUBLEM
GELOMETRY NOse 8 2-D THETA-R
NUMBER OF ENERGY GRQUPS
NUMBER OF UPSCATTER GROUPS (MAX}
NUMBER OF DOWNSCATTER GRCUPS (MAX)
NUMBER OF INTERVALS IN DIMEANSICN | (COLUMNS)
NUMBER OF INTERVALS IN DIMENSION 2 (ROWS)
NUMBER OF INTERVALS IN DINERSICN 3 (PLANES)
NUMBER OF ZONES
NUMBER OF REGIONS
NUMBER OF BLACK ABSORBER ZONES
BOUNDARY INDICATURS-— LEFTY 3 RIGHT 3

TCP 1 BCTTOM 2

MEMORY

MIN
STORAGE AV AILABLE 1
MACRC CALCULATION
EGQUATIGN CONSTANTS CALCULATIGN
CORE CONTAINED CR SPACE STORED
PLANE STOREOD
ROW STORED
MUWLTYI-LEVEL PLANE STCRED
INITIAL FLUX
CORE CONTAINFD CR SPACE STORED
CTHER MODES
ITERATIVE PROCESS
CORE CONTA{NED 1
SPACE SYORED
1 PLANES STORED
i PLANE STORED
20 ROWS STORED
1 ROW STORED
1 MULTI-LEVEL PLARES STORED 1
PFRTURBATION CALCULATION

DATA wikLL EE STQORED FOR ALL GRCUPS, ALL S5PACE
MEMCRY LOCATIONS RESERVED FOR CATA STCRAGE-~--

MAX MEMORY LOCATIONS REQUIRED FOR THIS PROB--
MEMORY LOCAYTIONS NOT USEC-~-=--

SPECIAL SCRATCH DATASET RECQUIREMENTS
MAXIMUM PHYSTICAL RECCGRD IS 7200 wORDS

RITE CONTAINER ARRAYS, CCATRCL 36 DATA
F{LE 28 DEFAULTS T CORE - NORECSs RECLNTH,.

ETRYs CASE A4 wlTH StLACK ABSORBER

+ ADJ.

DE BLUCK - VERSION 2 --— APRIL

= 0.0 DAY S

- O

REQUIREMENYS FOR DATA STCRAGE

TOTAL A
1 MUM MAXIMUM
3000

187

2909 2919
3870 3870

944 9448
a4 344 4344

1733 17313
1733 1733

arni 11654
6836 58NS
87157 7726
8757 7286
6495 54 64
1031 o}
1154 288N
2926

18990
14791
3299

3253
TOTLLNTHs START L0OC, CORE LEFT,

30

qn
990
q9n
390
999
9gn
990

32
a1
41
a1
41
4y
a1

26

5

19635

PR 3

>3 o

724N

238N0

373

¢c-0sYy



A FLux =~ EIGENVALUE PROBLEM FOLLCWS
4 INNERS MiNs & INKRERS WMAX - CHREBYCHEV BEYA ON INNERS
SIGMA=1 ORDERING

PRUCEDURE=D41425 324 -NORMAL »CHEEYSHEV, SEME XoDEME Xy SEMEXF » ICVR=0,1-YES, N0 INNERS CONVR. ACYVR=0, 1-YES,NQ QUTERS CONVR,.

{TER PROC ICYR  gC¥R FLUX CrANGE MU-BAR  OTHER-MU SEM= IND ACCELERATION PARAMETERS SOURCE K=USFD K-CA_C
H [+ 9 0 1,146€7D 00 C.C 0.0 100000 Qa0 N0 FeH2B07F 13  1.000N000 946174905
2 0 1 b 2.183€7D 01 29496185 0.0 1.00000C 1.00000 fa0 5914%52E 13 10000000 N 6154622

NEW OVERRELAXATION COEFFICIENTS CALCULATED
152392 1439887 1.278a(0

3 ] 2 1 1.28188D 01 0,58299 0,0 f« 00000 1.39800 Ded 34S231TE 13 0.76195642 0.8069385
4 4 0 ° €.065130-91 026841 0.0 100000 D.,87278 =Na31287 24855476 13 0.6n69385 0.6N78110
5 1 1 Q -5,509810-02 Ce0 0D 100000 D.58715 Tall 2.85279E 13 N.HNTHBLLC
6 1 1 7 ~6410800D0=-02 G0 00 100000 1.19875 Ne3B8538  2,RA62B5IE 13 N.ENIRBE2
7 1 0 0 2+ 562590-02 Cad2436 Da385%a48 1470009 e I6597 Ne23855 2eBEBAR3E 13 F,6111869
a8 1 09 o -2.63525D-02 0.26451 1.08153 1.00000 Oe9t 723 Te20812 2.87173IF 13 N.6118475
9 1 2 b 9.527€30=-03 0+16451 0435678 1.00000 Ce 937569 De20196 2.873I1L1E 13 0.6121408
10 1 1 o 2.36171D-03 1638295 N,30373 1.00009 0,90573 N,20072 2.87255E 173 0,5120563
131 1 Q 0 —3.407710-03 Ce66947 1.01539 1.00000 0.90533 0.,20047 2.87237E 13 N.6120177
12 1 9 Q 3.060180-03 054064 0,89649 1,00000 0. 590525 N ENNA2 24872%AF 13 D.56120%1]
13 1 9 o —E+,539420-04 Ced7321 <Ca.27938 1.00000 0.905234 020041 2.87218E 17 £.6119944
14 3 Q Q 2.906060~04 063773 1.15954 040 4543912 N.056435 2.,87207F 13 0,6119820
15 [J 0 1 1.260840-03 Oe0 0.9 100080 -2.06858 1428573 2.8T7196E 13 N.H6119713  N,6119756
16 1 [¢] [} ~24378250-04 Te0 D0 100000 Ce3BTLS 040 2eBTLIQ6E 13 O A119756
17 i 9 l 1+0&612D-08 De0 D 100000 0+90523 0,20n41% 2.87T196E 13 N,.6119768
i8 1 o o ~24347750-05 De364NT 0.28474 1.00000 7290523 Ve20081 2+B7196E 13 05119762

ESTIMATED ABSOLUTE POINT FLUX RELATIVE ERROR 1423149D=-04

FINAL CALCULATED KEFFECYIVE f.€115772
MULTIPL ICATION RELIABILITY ESTIMATORS

8Y THE SUM OF THE SGUARES CF THE RESIDUES—wr—-me———seemcmcm— e ———— N61197064
UPPER AND LOWER BOUNDS ESTIMATES BY MAX REL FLUX CHANGE——==-=- ————— N.6119%15 065119628
UPPER AND LOWER BOUNDS ESTIMATES CVER ALl SIGNIFICANT POINY S——woeea D,6119877 0.51195A8% g

NEUTRON BALANCE KEFFECTIVE 0.6119765

NUMBER OF INNER ITERATIONS, CUYTER ITERATION ERROR EIGENVALUEs AND OVERRELAXATION CNEFFICIENTS 4 B8.398800-01
1+¢52216 1.39882 t,27838

CPU AND CLOCK MINUTES REGUIRED FOR THIS EIGENVALUE PROSBLEM ARE 0 .0A86 Ce231
LEAKAGE 3417835E 09 TOYAL LOSSES 1.73671€ It TOTAL PRODUCTIONS 1.0628735 11 REACTQR POWER{WAYYS) 1.0000MD 0T

BOUNDARY NEUTRON LEAKAGE

GRQUP LEFT RIGHY TOP BOYTOM FRONY 8ACK
1 =2,328080 08 2,32804D 08 (0 64021940 38 040 D0

2 =1,215500 08 1,215500 €8 0.0 1128130 29 N.0 Qe

3 ~1.,376470 08 1.,376a70 08 (.0 1.458503D0 79 Q.0 00
SUM «~8,92001E 08 4,9200t€ ©8 ¢C.0 3.17B35E 09 1.0 a0

GROUP NEUTRON BALANCE FOR EACH ZOME

ZONE GROUP ABSORPTIONS Ex¥2 LUSSES t/v LOSS QUT-SCATTER IN-SCATTER Pl I1N~SCATTER SAURCE POWER(WATTS) AVERAGE FLUX
b 1 0.0 3.5616€6E €9 0.0 9.24590E 10 0.0 Q9 1e76203E 11 Ne0 64 757IEE NA
1 2 6. 246628 10 1.E6G€ER7E 09 0.0 De367TAE 10 9 24S9NE 17 1470 64684 11 1.78486E-"1 A, DTBTNE NA
1 3 D 3A448CE [0 2,76217E 08 DO (s394 Se 3GTTAF 19 D0 Ney B425313E-01 2.64136F AR

Sum 15591485 11 S+ 71458E 0§ 0.0 186136E 11 1.86136FE 11 Ne0 1e736718 11 1200900 06
2 1 1.06098E 09 S.5094EE C7 G0 14293878 68 D.0 40 Ten Oan Se820775 09
2 2 2+ 507688 BB  IB0541F €7 0.0 7.83651€ 07 1.29387€ 08 N.n “en NeD S5e647045 0OA
2 3 3.89231E 08 (.0 0.0 D0 7+836S1E Q7 N0 DN Nt Nl

£C-08Y



SUM 1. 70098F €9 9,31489F 07 0.0 2.07752E 08 2,07752F "8 0.0 NN 0.0

3 1 N0 84.,46061F C8 0,0 6.57834E 09 Ned Y0 T Neh 7.225515 7
3 2 1.48018E 09 £,21634F (8 0.0 7+194885 29 6.57TR38F 09 N,N Ne0 Natd 1.13021F 03
2 3 8,232C8E 09 3,90226F <8 0.0 Bal 7+1248BaF 29 NN 2N Ne 0 1.3Mr883F NR
SUM 5471225 C9 1.3E7G2E £9 0.0 1.363326 17 £e36832F 19 ".0 2.7 Ner
UVERALL NEUTRON BALANCE
GROUP ABSORPYIONS [i*%2 LOSSES 1/v LOSS OUT~SCATTER IN-SCATTER P1 IN-SCATTER SIURCF POWER(WATTS)
i 12060585 09 4,042B2E 09 0.0 9e91667E 1N 0,0 NeD 1.74223€ 11 (AR A
2 6e319715 10 2.456€E €9 0.0 1.N0861E 11t Q.91667E 1Y Jen R LYY-T L 1+474486F~01
3 S.80693% 10 €.664423c €€ N,0 N.0 1.70861E 11 T Y R4?25513E-C1
S5UM 14633278 {1 7.16564F 09 0.0 2.00027€ 11 2.00027F 11 Ne? 1.7367F 1% fannanec o0

ZONE VOLUMES FOLLOW. TOTAL VOLUME 7.6S688E 03
3,12534E 03 S5.55088E 01 4.51803F 03

PUINT REGULAR FLUX INTERFACE FILE RTFLUX (VERSICN 1)} HAS 3EEN WRITTEN ON UNIT NUMBE®R 16

GROUP FLUX VALUES AT PLANE 1 RCw 1 COLUMN 21 = POINT AT FIRST GROUP MAXIMUM
1+10883F 09 1,14033E 09 &.2FRBQ07E OH

MAX [MUM FIRST GROUP FLUXES BY ZCNE
1,10851E 09 S.91311€ d8 2.14115€ 08

THE MAXIMUM POWER DENSITY IS AT PLANE 1+ ROW i AND CILUMN 21 ANDC IS 5.20033725D~04 WATTS/CCa
THE MAX IMUM NEUTRON DENSITY 1S AT PLANE 3+ ROW Te ANO COLUMN 21 AND S 2«677647T11D 93  NEUTRING/CC.
THE MAXIMUM POWER DENSITY {WATYS/CC) {N EACH ZONE IS

5420C34E-04 G0 0.0
ELAFSED CPU AND CLOCK MINUTES ARE 0.176 2.163

7¢-0SY



ADJOINT PRCBLEM FOLLOWS

4 INNERS MIMN, A [NNERS MAX = M

SIGMA-1 DRDERING

PROCEDURE=0s1132 378 ~NORMAL sCHE EYSHEV, SEME X GDEMEX  SEMEKF

ITER PPRDC ICVR DCOVR FLUX CHANGE

1 4 B n
2 2] J n
3 ) o] o
4 o] 2 <
5 b 9 bl
& o 2 o
7 fu] 1 ©
8 ) 1 o
9 Q9 1 3
10 3 1 0
$1 o 4} 0

ESTIMATED ABSOLUTE POINT FLUX RELATIVE ERROR

t.0735E0 91
1.934890-01
-8,23737p-53
2.4G4250-03
S.797100-04
-4.44277D-94
—4,80198D-04
~4,206530~03
—3.517£00-04
-1.56711D0-03
1.04726D~05

MULTIPL ICATION RELIABILITY ESTIMATORS
bY THE SUM OF TRHE SQUARES OF TrE RESIDUES-=——=-—

UPPER AND LOWER BOUNDS ESTIMATES BY MAX REL FLUK CHANGE==www=—
UPPER AND LOWER BOUNDS ESTIMATES CVER AtLL SEGNIFICANT PUINTS~

NUMBER OF INNER ITERATIONS. QUTER ITERATION ERROR EIGENVALUE,.

1.27838 1.,398a2 1e52216€

EBYCHEY

MU-BAR
0.0

009976
NeD3267
T223886
€. 33260
Oeb64808
108061
CeB84344
CeBOGT2
079710
Calt

BETA Q

OTHER
[
Cen
0.0
]
70
Ded
Q.0
2.0
Qe
Ne?D
Ve

N INNERS

5.492740-05

ICVR=04 1-YES, NI INNERS CONvR,.

~MU  SEM=-IND ACCELERATION PARAMETERS
1400000 0.0 N.n
130000 1.70799 9,9
1.00000 Cen337? AL0
170000 -0,754586 23.90987
t Q000D 52817  -0.905481
1.00000 -6.41743 1.84847
1400000 ~S.18787 1.22582
1,50000 5.81738 3.90295
100000 5.01598  =0.77969
1400000 6e32878  ~1.788T2
t.nonoc 0.6 .0
B e e S ~——- 06119765
0.6119836  0,56119707
€L6120025  0.6119717
AND OVERRELAXATION COEFFICIENTS 4
049 n,168

(PU AND CLGCK MIRNUTES REQUIRED FOR THIS EIGENVALUE PRODLEM ARE 9.

ADJOINT FLUX ENERGY SPECTRUM BY GROUP,
3.T77764D-05 3,928510-CF  5,2£€13D-05

ADJCINT FLUX SPACE FUNCTION ny ZOME

1 7O Max

2.633280~04 1.189210-n4 3.773390-05

+ {SUMMED OVER SPACE}

PCINT ADJGINT FLUX INTERFACE FILE ATFLUX (VERSICN 1}

OOPC USF OF CONTAINER ARRAYS,

TOTAL CPU TIME [S 0.222 MINUTES AND

CONTROL

11,

MAX DA

TAOTAL CLCCK TIME IS

CASE TITLE —~ PERIDCIC BCUKRDARY (N THETA-H CEOMETRY,
1440 POINTS FwRD.

24X20X3 GRUOUP,

MPARM 18000 Q

]

SEERSTANDARD FILE CARD INFUTSSE*%

Cy CONTRL
1D PROINS /
* 3-D {Xs¥YsZ) BUCKLING SEARCH
# RUNNING IN THE PLANE STYORED
* * ¥ 0.0 78R bl
10 DVRINS Qs 0 :O00R 180C¢C 3
1D XCPINS Neld 100R 0 23R 1
1D DTNINS D.0 1.0 Ca0 10,
Qe BBR
¢ 3R 1 A& i 0 13rR S0 0
1 [d] 1 1 o 2R C 1 2
10 = * 0«0 19NR 0 100R
eV GRUPXS

o

a3

L]

o

+ ADJ

{0LD WHIRLASAY CASE) -
WODE - & PLANES STORED

154

ne

S9R

[

ar

76R
1.2 2R

fe09 0O
LER § ol
0 38R

-0 3R

1 &R

{SUMMED OVER ENERGY)

HAS JEEN WRITTENM OM UNMIT NUMAFR 17

TA 2880

CASE A4 wiTH BLACK ABSORI=ER

-

k] 0

IXIXSX 2

1+0-6 5.0-5

¢ 2R 5 101

0 3R

2:533 MINUTES

DCYR=A LI =YES,NO

QITFRS COMVR.

3.398300-01

CARD
CARD
CARD
cCATD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CTARD
CARD

-
200 NGO bW

SC-0sY



RUN TITLE - 3«D (XeYsZ) SUCKLING SEARCH (OLD WHIRL AWAY CASE) ~ 9X9X5X2
RUNNING IN THE PLANE SYORFD MODE ~ 4 PLANES STORED
VENTURE NEUTRONICS CODE BLOCK - VERSION 2 ~--- APRIL
REFERENCE REAL YIME FROM ZNAYON INTERFACE FILE = D0 DAYS

SOLUTION BY FINITE-DIFFERENCE CIFFUSION THEORY
DIRECT BUCKLING SEARCH PRLBLEM
A REGUL AR ADJOINT wiILL FOLLCW FCRWARD PROBLEM
PERTURBATION RESULLTS ARE REQUESTEZ
GEOMETRY NO. 14 3-0 x-¥Y-2
NUMBER OF ENERGY GROUPS
NUMBER OF UPSCATTER GROUPS (MAX)
NUMBER OF COYNSCATTER GROUPS (MaXx)
NUMBER OF INTERVALS IN DIMENSICN 1 (COLUMNS)
MUMBER OF INTERVALS (N DIMENSICN 2 (ROWS)
NMUMBER OF INTERVALS IN DIMENSICON I (PLANES)
NUMBER OF ZONES
NUMBER OF REGIONS
NUMBER OF BLACK ABSORBER 20NES
BOUNDARY INDICATORS = LEFY 1 RIGKY 0
ToP 0 30TTCM 1
FRONT O REAR O

O wWwPr L O~ ON

MEMORY REQUIREMENTS FOR

TOTAL
MINIMUM MAXIMUM
STORAGE AVAILABLE 18909
MACRO CALCULATION 183
EQUATION CONSTANTS CALCULATION
CORE CONTAINED CR SPACE STORED 2679 284}
PLANE STORED 11590 1312
ROwW STORED 482 64 4
MW TL-LEVEL PLAMNE STCRED 1220 1332
INIYYAL FLUX
CORE CONTAINED OR SPACE STORFD 1207 1531
CTHER MODES 397 72t
ITERAYIVE PROCESS
CORE CONT AINEO 11147
SPACE STORED 5928
13 PLANES STORED 13873
i PLANE STORED 1969
13 ROWS STORED 2079
i1 ROw STORED 49
13 MW TI-LEVEL PLANES STORED 15107
PERTURBATION CALCWATION 3308
DATA wiii BE STORED FOR ALL GRCUPS, ALL SPACE
MEMORY LOCATIONS RESERVED FOR CATA STCRAGE--—- 18000
MAX MEMORY LOCATIONS REQUIRED FCR THlS PROB-- 11147
MEMCRY LOCATIONS NOT USED-====--=~-==o—wc- ———— 6853

SPECIAL SCRATCH OATASET REQUIREMENTS
MAX{MUM PHYSICAL RECORD (% 7200 WORDS

DATA STORAGE

A

saaa
54317
13382
1478
1588
n

486

39,

457

9¢~0SY%



HITE CONTAINER ARRAYS, CUONTROL

FILE a0

REQUIRE &

NOSHECSs RECSLNTH,
CORE = NOJRECSe RECLNTH, TOTSGLNTH,

3¢ DATA

2 RECGROS

DD PARAMETERS FOLLOW FOR El = 3520 AND B2 =

nNe=
nig=

REQUIRED DISK STORAGE SPACE FOR FLUX{UNITS 24,2728} IS 10560 8YTES,
FCH CONSTANTS{UNIT 40} I5-- 31104 ygYVFES,.
FOR CONSTANTSI{UNITYT 23) S-- 35200 BYTFS.
REQUIRED TOTAL DISK STORAGE SPACE [Svercevccwcocnncaa—- 5505792 HYTES,.

FOR THE ASSIGMNED DAYA STURAGE,

N3= 10 Na=
3 (NOTE THAY

I NS= 12
LFE THE FLUXES

N&= 10 NT7=
ARE TQ BE EXPANDED FROM EXISTING RTFLUX,

T+E REQUIRED REGION SIZE

TOTLNTH,

6807

FILE 2¢ ODEFAULTS TO CORE = NOJRECSs REC.LNTH, TOT.LNTH,
FILE 27 DEFAULTS 77 CORE =
FILE 28 ODEFAULTS TO
DIRECY ACCESS

2592
2 NE= 2

STARY L0C,
START LUC,
STARY LOC.
2195 wORDS IN LENGTH

NO=

1S APPROXIMATELY

CORE LEFT.
CORE LES T,
CORE LEFT.

N

NN

2 Ntz
NEN= 3)

402K BYYES

TITLE SROM CROSS SECTION FILE / GRUPXS CRUOSS SECTIONS FOR VENTURE SAMPLE PIOBLEM

wx% WARNING *%% NUCLIDE NAMES CR CLASSES ON NOXSRF AND GRUOXS DO NCT COMPARE

CROS5S SECTION UNTGUE ABSOLUTE CLASS
ORDER NOe NDXSRF GRUPXS NOXSRF GRUP XS NDXSRF GRUPXS
1 ZONE L NOT EQ  ZCKES R ZONEL NOT EQ o A NOT FQ 3
2 ZONT 2 NDY EQ  ZCNE2 QR ZONEZ2 NOT FQ ar 2 NOT EQ L]
3 ZGNE3 NOT EQ ZONED OR  ZOME3 NOT EQ oR 9 NOY EQ n
3 NUCLIDES HAVE ERRDRE
PRINCIPAL MACRUSCOPIC CROSS SECTYIGNS
GROUP 1
ZONE sl S51GA ST GNRF S51GuF SIGAS SIGNFS
1 1e20NYDLE NO 1 29C00CE-C2  3,999997E-03 S5+109000E~1a 0.0 fef
2 1. 7CO0CLIE CO  6,999997€-04 3,999998E~04 4.999998E-15 D0 N0
3 1.200000E 07 S5.15SS5%8E-C4 U, 0 0l 0e® Den
GROUP 2
ZOHE o] SIGA St GNF S1GeF SIGAS SIGNFS
1 142P00DCE 09 A.63S9GHE-03 66299996502 1.968730E-13 0.0 Ced
2 1.129999E 0N 6.,268599F=03 2,499999E-02 5.249997E~-ji4 0.0 2.0
3 8,700005E-21 T299999BE-03 2.0 .0 Ga) TN

FISSION SPECTRUM CONSTANT FOR ALL

ZUMES

1,000000€ 00

1/v CONSTANT FOR
1.0C0000E 00

0.0

ALL ZONES
1.000000€ 0O°

SCATYERING MACROSCOPLIC CRCSS SECTYIONS

GROUP 1 HBAND 1 “JJ 1
TP
0.0 Oe0 CsC
GRQUP 2  MBAND 2 MJJY 3
T80
0.0 3e299999E-C3 1,0 541 99999E-23 0.0 5. H6F9I998E~03

SCATTERING REMOVAL

CROUP

3:2999990~03

1

541999990~03

€L E45598D-03

LT-0SY



GROUR 2

0e0 Na0 Ca0
FINE MESH DESCRIPTION - PCINT IS LOCATED AY THT CENTROID OF THE VULUME FLEMENT
DISTANCE TO POINT - DIMENSICN T (LEFT 70O RIGHT)
§ 1.0000 2 J.0Cce 2 540000 4 7.0000C s 10,0000 & ia.0n20C 7 17.8%90
9 23.57N00
DISTANCE YO POINT — DIMEAS{CN 2 TCP YO BOTTOMD
1 1.0000 2 3.0000 5.,0000 4 709270 5 F.0000 6 1t.0009 T 13.7°09
9 17.0000
DISTANCE TO POINY —~ DIMERSICN 2 (FRINT YO REAR)
1 1.5000 2 4,5000 3 7T.5000 4 117.5720 5 13.5000
SEARCH { IMITING FACTORS - SP1 = =1.275115F 90 SP2 = =5.%91301% 0) SA = A 28741 8E=N2 SNF = N,
DETERMINE INIT[ AL PARAMETERS FCR [TFRATIVE PROCEODURE
REFERENCE POINT FOR INITI{ALJZATION wILL B8F AT COLUMN = 2 ROw = 8 PLANE = R ZONF = 1
INITIAL OUTER ITFRATION EIGENVALUE 0.n"49787 QPTION ¢
INITIAL GVERRELAXATION COEFFICIENTS MAX, 14a5987C MIN, 12584751 INNER ITERATIONS MAX, a MIN,
MESE POINY SwEEP OPTION 1
CQUTER ITERATION LIMIT TO FE WSEL 50 ESTIMATED 19
MAX IMUM STORAGE USED FOR CALCULATING INITIAL PARAMZITERS WAS 2494

INITIAL FLUX 1S FXK{JdK)#FYI1)aF2{KH)}

YOTAL CORE REQUIRED FOR DATA STORAGE IS 11094 wORDS
ELAPSFD CPU AND CLOCK MINUTES ARE 0.062 N.952

A

a

2N.8NnN0O

15,2000

DPTTON

808y



A FLUZ = €

4 FANNERS MIbi 4

SIGMA-

PROCEDURE =021 329334 =NORMAL sCHREEYSHEY, SEMEX JDEMEX ¢ SEMERF &

1GENV ALUE PROBLEY FOLLU¥S
INKNERS WAK -
1 ORDERING

CHEBYCHE VY

BETA

ON IMNERS

CYR=0, 1-7E S+ NO

INNERS CONVR,

ITVA=N, 1=YESWNG OUTERS CONVR,.

ITER PRIC  ILYR  OCYR FLUX CHANGE WU~BAR UTHER=-MU SEM-IND ACCFLERAYT QN PARAMETERS LS SEARCH FACYOR SeFe=-LALT
1 n s} S S.E78ED 00 0.0 0.0 1200000 Q.0 2% 0.Na302482 NN (AP
NEw OVERRECAXATION COEFFICEENTS CALJIULATED
1,a40%21 1,39¢&80
2 €© 2 ) E+451290 O S5e606446 D, 0 1.00000 1002000 Teh NeaN4394369 0.9 =~2.653830
3 c 2 3 -£a014620-014 Nad790 D0 Lal000n 059279 T0 NeNBITCAT =1 4N200ID=A] ~2,3F8350
4 s} 3 2 «“4,62G42D=01 0.57822 0.8 1.00030 Ce74321 Na11542 HeNB543734 —-1.93R17D=-01 —-2,37107D
5 Q 2 v ~444836230-01 De73IGAT Da0 100000 15.99354 —4.,05419 NeNSEIHTH =24THA44D=-01 =24353030
& Q 3 4} -~4:.287¢C80-01 Ne 75201 DeD 100000 3.22178 =T.13121 0eMN569559 =3,5N6080-"1 ~2,329360
7 2 0 3 -%,1531430-01 Ce76316 NGO 1.,072000 G 60686 —2.8478%6 DeNSYBE2 T =3,1T7360-01 =24327710
] e} o ) =4.030653D0-11 Ne 76882 DN 100000 11sb11:9 6419158 N VRNBHIB] —4,77971D-N1 =-2.31728D
9 2 o ) ~3,827250-01 De 75820 02,0 ts0Co0N 108245 1 «eORTTS 0sNKEI23T7 =5 486395D-N] =2,233390
1o c [} 2 ~3,48518D-0% De73E26 DD 14000200 -5,57093 10422132 NLN528621 =T7.598720-01 —-2.2594840
11 ¢ [¢] a =3,035530-01 Te?1I2% Vel £ .00000 Te?7798 ~3.54228 D2I66I09GN —9,HRAKBD=N] =2,23173D
12 4 o] a ~4,882600-C1 Ce?72i22 N0 100000 1., GBB25 3 NaNEBEEQT =1.03200930 N0 —-2,216560
13 ] 1 o -2,7627C0-01 e 9 1400000 Qa” Tah (eNTAATH2 =1,427512D 09 ~2,17834D
14 [« n ] =3.345660=-01 107493 0.0 1.C0000 ~-4,14183 3,91372 HeaNHTIHIY ~1,%20N090 07 =2,213210
i5 ¢ v} ° =-26813340=-0% G ENITE 2,2 100000 267335 E&s53574 NeATOLI LS —1,17948D NN =2,19255D
is 0 0 S -1,95£$20~0} De68TTT 0,0 1 +CBCO0 1e5716% N e27282 NaNT7ATAEN —1,4NK810 AN -2, 144540
17 T s} ¢ ~1,857a450-01 3,76871 259 1273086 BBe21TAR =41 ,87192 0eNT7HRLAE =1 ,47810D 0N =D 1 5D
18 ° 9 i =-1,444710-01 C.T%218 Cun 1.70590 5424162 ~De92635 NeOTANRAS =1.5499ND PN =P, 103749D
i9 [ bl o —1+224210-71 G.78616 0.0 100000 2e7331N Ce 72837 V0739208 =1,62740D N0 =2.750480
F1d 1 n L] -9.,872860-32 D7ETLL Ged 100807 ~ 2658395 607318 Ge 0819229 —1,718770 NN =2,N07220D
2% Q el [} -7.38150D=-52 NTNBBS Ve 1an¢0n0 -35,3958% 3736339 DeMARI IS = 14798200 AN P NFIERD
22 ¢ 1 ad -8.67523D-72 D.€61170 0.0 190605 ~19:.07022 19.51677 ALIBESBTT —1.88331D 00 —-2,03175D
23 2 7 3 ~-1,893940~52 355863 0.0 105000 -125.13487 12%,61829 0, 7492552 =1.973110D OF =2,7%94nr)
24 s} 9 43 1.366100-02 G.422088 D,0 100200 C+HI695 ,04537 N,NFNP513 =2,00547D 02 =1,938930
29 ) 2 2 1T43200-93 0.238582 0.0 100090 ~eB5TBY 2652492 DsD8YTYRIE ~1,908920N AN «1,.939K10
2¢ o [« ¢ 64183074008 D,321%2 0.0 100000 fs1aa1 8 D205197 De08I9BF2 ~1.99961D 00 -2.7320N060
27 (5] n o 2.32780D~04 M2 34065 0.3 1.50000 056013 -720135% Na39M0N018 =2,70006D A8 =1,99999D
28 o 2 0 2292224D-05 De21776H G40 1000990 =Ns 533248 e 32385 NaNIABONT ~1 399990 LN =1,993980
29 Q o o 1e0%86950-05 Ds27404 Q.0 1 .90608 0.17923 D270 5 DeNBIYGYA =1,93G98D ON =1,99999D
30 2 2 f 3.,728590-06 De32957 G4 100000 Ne 24382 -Nest1885 NeNIBTIDN —1.99999D CO =1,999950
ESYIMATED ABSOLUTE POINT FLUX RELATIVE ERRGR 9.65656D-06
FENAL CALCULATED KEFFECTIVE $20%06000
MULTIPLICATION RELIASILIYY ESTIMATORS
BY THE Sum OF TRHE SQUARES OF THE RESIDUFS N 62390999
UPPER AND LOWER BOUNDS ESTIMATES BY MAX REL FLUXK CHANGE- D.2330097 72893997
UPPES AND (OwER BOUNDS ESTIMATES CvER ALt STIGNIFI{LANT POINY S§-m=---- Qa0900003 e NBRIIIY
NUMBER OF IMNER [TERATIONS, QUTER {(TERATION ERFOR EIGENYALUE, ANDO OVERRELAXATION COEFFICIENTS 4 7e218160-91
13299956 1.296586

0.082

Q.181

CPuU AND CLOCK MIAUTES REQUIRED FOR THIS EIGENVALUE PRO3LEM ARE

LEAKAGE 1.83970F 13 TOTAL LOSSES 1.,4T7T88BC {3 TOTAL PRODUCT LGNS 1«33100FE 12 REACTOR PIWER{(WATYS) 1efiONNArD M

BUCKL INGS 9ERE MULTIPLIED €Y =5.39968621D0-01, FARATTION LOSS TO SEARCH PARAMETER ~0D.2660145

BOUNDARY NEUTROM LEAKAGE

GROUP LEFT RIGHT TOP BOTTOM FRONT HACK

1 0.0 Z«993860 11 2595570 12 0e0 Ta25%0900 12 V250900 12
2 De O 4:549900 10 1.829480 11 Ja0 &,79542240 11 4,089230 1y
SuM 0.0 3.44885¢ 11 2780518 12 0.0 T. 65583 32 T.655838 12

62-0SY%



GROULP NEUTRON SALANCE FOR EACH ZCANE

ZONE GROUP ABSORPT {ONS Bx*2 (0SSES

1 1 1.82956E 11 —2.49377E 12

1 2 4,11H6608 10 -1.1421CE 11
SUM 2,24 31228 11 ~-2.6083€E 12

2 1 4,009275 10 -1.06174F 12

2 2 3,690125 10 =-7.21734E 3C
SUM Te69939E 10 -1.13291¢€

3 1 64773945 09 -1.T0&55E 11

3 2 1. 79551E 10 ~2.12921E 10
SUM 2447291E 1C =14S1751€ 13

OVERALL NEUTRON BALANCE

GROUP ABSORPTIONS £*%2 (CSSES

1 2e29822E 11 —-3.72597€ 12

2 9.60223E 10 -2.08078E 1%

sSuUM 3.25845E 11 -23.93404E 12

ZONE VOLUMES FOLLOW. TOTAL VCLUME 5.
2.16000£ 03 2.16000E 03 2.43000€

ZCNE AVERAGE FLUX INTERFACFE FILE RZFLUX (VERSION

BUCKLINGS CALCULATED ALCNG PLANE 2

ZONE BUCKL INGS FOR GROUP 1
3,268 0T7E~02 A ,28407E-02 4,248C7E~

ZONE BUCKL INGS FOR GRQUP 2
442880T7E-Q2 Q4.28407E-02 AQ4.244C7E-

ZONE AVERAGE BUCKLINGS FOR EACK GROUP
4.24407E-02 4.24407E-C2

ZCNE AVERAGE DIFFUS IOM CCEFFICIENTS FOR EACH GROUP

1+53388F 00 1.13175E 090

GROSS BUCKL ING  4.23307€~C2

BUCKLINGS CALCULATED ALONG PLANE 4

ZONE BUCKL INGS FOR GROUP t
8,24407E-02 A4.24407E-02 4,244C7E-

ZONE BUCKLINGS FCR GROUP 2
4,288 07E-02 4,24607E-C2 4.244C7E-

ZONE AVERAGE BUCKLINGS FCR EACF GROUP
4,244 Q0TE~02 4.24407€E-02

ZONE AVERAGE DIFFUSION COEFFXICIENTS FOR EACH GROUP

1.53388F 00 1+13175€ €0

GROSS BUCKLING 4.24407€-02

17V LOSS
042
0.0
C.0

1/v LOSS
9.0
6.0
0.0

75000E 03
o3

FOLLOw

02

02

FOLLOW

o2

02

OUT-SCATTER
S.03129E 11
Ce0

5.03129E ti

2973335 11
0.0
2,97232€ 1!

BeT279BE 10
0.0
8,72798% 10

OUT~-SCATTER
8.88242E 11
0.0

8.88242F 11

1) HAS BEEN

IN-SCATTER
0.0

S403T129E 11
S, 031298 11

0.0
2.97833E
2978338 1%

[+ R
8,72798E :0
Be 727985 10

iN~SCATTER
0D

BsBB242F 1%
8.88242E 11

WRITTEN ON UNIT NUMBER

P1 IN-SCATTER

Na?
Naef)
Nal

o 22
> 00

(SR N]
N
>392

P1 IN-SCATTER

Qe
NN
2.7

18

SIURCE
1290738 13
NN
1.29073F 13

1.88159F 12
1%
f.821859E 12

SIURCE
1.47888 13
0+
1.,47888F 13

POWER(WATTS)
7+.62316E GO
14726375 OO0
D.3ATSAE 0O

2.36378E-01
3.,660835-01
6eB2461F-01

3220
.
o920

POWER{WATTS}
7+909%54F ob
2.,09086E ON
1.N0000F 0]

AVFRAGT
7+05848F
4,M5AQTE

2+€R165F
2.71173%

S.3€6N84E
Qa2261RE

TLJUX
1
ne

11
a9

n9
ng

Ce-0%Y



POINT PUWER DISTRIBUT ION

PLANE NUMBER

V& NS e

1
3+19BD=04
34970~ 04
1551D-03
2+1050-03
2+598D-013
3.0060-03
3.3250-02
3.5440-03
3.6550-03

PLANE NUMBER

VU & W e

1
5e372D-08
2«4 860=-03
4.050D-03
S2S100-03
64793D=-03
7 28690-03
8+ 7060-03
$e2790-03
Pe5700=-03

PLANE NUMBER

VENPE S WN -~

1
1.035D-03
3.0730-03
$.0180-03
6.8110-03
8.3960-03
9.7260-03
1 40760-02
121470-02
1+183D-02

PLANE NUMBER

QRN NP wWn -

t
8,3720-0a
2+4860-03
4 .,0600-03
5.,5100-03
6.7930~-032
T 8690-03
8:7060-03
G.2790-03
2+5700-03

PLANE NUREER

O W oN O Ut

H
3e1980-04
S.4970=-04
1.5510-¢03
22108003
2.5980-03
3.006D-03
31,3250=-03
3.5440-03
3,6550-03

2

3

a

5

2
3.046D~-02a
Ga NAED~-0CA
f«4770-02
2.0050=-03
R2.4710-¢3
2+8630-03
3.1680=-03
3.37€6€D=-023
3.482D-02

2
7.9750-04
24 368D~03
3,867p~C2
542849D~02
6.3700-C2
7.496D-03
8.2930-02
8,8390~02
9411606-032

2
Ge B580~C4
29270~03
A,789D-C3
6+ 84880~032
7.998D0-03
9, 2650~-03
1.0250-02
1 0930-02
1.127D=-02

2
T7e975D=04
24368003
3.8670-073
5,249D~C3
624700~03
7:4960-03
Be2930-03
8.8390-072
9.1160-02

2
3,3480-0C46
s 0ES0-04
1. 8770~C3
2.:305D-"3
2:4710-03
2. 8530-03
3168003
3.3760-C3
3.4820-(2

(WATTS/CCH

3
2.747D-n4
841580-048
1.2320-03
1.8080-03
242250-03
2,5820-93
2. E570-03
3,0450-03
3.1480-03

3
7.1930~04
241360-03
2,4880-03
4,733D-03
S BISP=-N3T
€.7600~03
7.4790-03
7.5710-02
8.2210-03

2
84851D-04a
2. €40D-03
4.311C-03
SeEE10-03
7.2120-03
B8+ 356D-03
9e24%50-03
2.8530-03
1.0160-02

3
T«193D-04
2.1350-03
3:4880=-03
64733003
5.835C-03
64760003
7,4730-03
7+9710-03
B8,2210-03

3
2.7470-04
B.1580~0a
14332003
1:8C8D~C3
262290-03
2.582D-03
2.8870-03
2.0850-03
32140003

Y
2.3090-024
6£,8570-94
1+4120D-03
1.5200-03
1+8730-03
2+1700=~03
2+401D~03
2.559D0=-n3
2-:86390-03

a
6. DAS0-04
1.7950-03
2.9310-03
3.979D0~03
4.905D-03
5.6820-03
6+42860-03
627000-02
62910D=-03

'S
T 473004
2. 2190-03
32623D-03
4.G180=-03
6:0630-03
7.0230-03
7+ 771D-02
8,.2820-03
B8+5410-03

a
64 0BASD=02
1:795D-03
2.9310-03
3e2790~03
4,9050-013
5+6820-03
6.286D=-03
6,7000~-02
65.910D~-03

4
2. 3090-08
5,857D-08
1120003
1, %200-032
1.873D-03
2,1700-03
2.4010="~3
2,5590-03
2., 6390-03

3
2.472D-05
Tel1320-05
1.165D-04
1.581D-22
1 ¢949D-04
2.2570~048
2434D~04
2.56620-04
2745D-%4

S
62288D~95
1.867D-04
3.9490-24
3.138D-04
SeinN20-04
5.9100~-04
54539004
&23630~-0a
7.187D~04

5
7.7720~05
24 3080-4
3769004
5a.1150~04
65 335D-04
7.3050-04
3.03820-04
B.514D-08%
B.8840-04

-
6+288D=-95%
1:8670-9%
3:0%9D=-08
%y1380-04
%.102D-0a
5+9100-04%
84539003
5,969D0-7%3
T«187D-04

5
2,4020-05
751320-05
1 o1680~-023
1.581D-78
123490-14
2023TD-04
2:4930=-14
2:6620-02
22T745D~-08

)
1:5420-065
4 4580D-08
7.4780-0%
1+0150-n4a
1.2510-04a
13449004
1.6040~04
1L709D~-04
1.,7630~04

&
4.0370~-05
1:199D-04
1.9580~04
22,6570~
3.276D-04
3,7950~-04
4,1980-04
4,3740-04
4 ,615D-04

6
4.9900=-0%
1.888D-04
244200~ 04
3.284D~-04
4,0450-0s
4 .690D-04
501890=0a
5.5310-08
S27CaD="a

s
4.0370~05
1«199D-048
1,9580~04
2.8570=-04
A,2780-0a
3.7950~04
3.138D0-02
4,4740-0a
4.615D0-04

L]
1,5420-05
2, 5800-0%
7.878D=-05
17180604
12251003
144849D-74
1.6380-048
14709024
12 7630D~04

0.r
0en
0.0

0.0
0.0
NeQ
Del
Qe
0s0
00

CeD

Qe

0.0
Na0
Ce0

H 3P0 I 2GCO
Py . v .
QSOOI DIADD

« .
200

G333 D> an0
.

.

.
DO 200Q

o« 6 e

T 2O D3I
e
DD3IDOIII>Da 3G D

Q.0
940
0.0

9N
Va0
0D
Ded
7.0

L0

Qe
Cel
0ot

00
NDath
00
el
Ge0
TN
040
N0
2.9

2332332002
REEEEREER
2322532230

30 220222 2

IDIDIICDD

.
<

DN

0.0
'\.’1
LY
0.t
aan
D.0
040
.0
LI}

TE-0SY



ADJCINT PRCBLEM FOLLOWS
4 INNERS MIN, 4 INNERS MAX - CHEBYCHEVY BETA ON INNERS
S51GMA-1 DRDERING

PROCEDURE=092+2¢3+4=-NORMAL JCHEEYSHEV, SEMEXDEMEX, SEMEKF , JCVYR=04 1-YESsNO {NNERS CINVA, OCVR=7,1-YES.NO QUTERS CONVR,
ITER PROC ICVR O0OCVR FLUX CHANGE MU~BAR OTHER-MU SEM-IND ACCELERATION PANAMEYERS

1 0 0 < 1.34590C 91 0.0 0.9 1.00000 Nen Dol

2 ] o ] 2484369D 00 1457590 040 1.00000 1.00000 0.0

3 o ] 4 2423130-91% £0.20637 0.9 1.00000 Ne260073 NeD

4 (4] 0 [« 3.502400-02 N+1620% 0.0 1400000 Ne25365 =-0.n1320

5 ] o bl 10N€E220-02 C.28821 G0 1.00000 ~N,16950 1407907

L} o] ] bl 2.584230-013 Ne26968 0.9 1.00000 ¢.33822 D.00918

7 0 0 0 €. 85700D-03 0427313 9,0 100000 Ne3054) Ne0183R

8 0 0 a 1.857740~94 027471 2.3 0.0 N.57362 -1.75311

9 o 0 [+ £4012350-95 027518 $.0 0.0 Ne&9579 -N.03189

10 L4 4] [ 132358005 0e27541 De 0 QN MNea63539 ~-N.07021

EST{MATED ABSOLUTE PDINT FLUX RELATIVE ERROR S$.18295D0-06
MULTIPL ICATION RELIABILITY ESTIMATORS

BY YHE SUM OF THE SQUARES OF THE RESIDUES~—-——~—=-
UPRPER AND LOWER BOUNDS ESTIMATES BY MAX REL FLUX CHANGE=-—-~
UPPER AND LOWER BOUNDS ESTIMATES OVER ALL SIGNIFICANT POINTS-

- 0.090020"
- 0.09CCH12 N, 0899988
- 0.,0900092 0.2893961

NUMBER DF I{NNER ITERATIONS, DUYFR ITERATION ERROR EIGENVALUE, AND OVERRELAXATION COEFFICIENTS 4 2.754140-01
1439656 1039996

CPU AND CLOCK MINUTES REQUIRED FOR THIS EIGENVALUE PROBLEM ARE 0.024 0.06%

ADJOINT FLUX ENERGY SPECTRUM BY GROUP, 1 TO MAX. £{SUMMED OVER SPACE)
1.,374550~05 1.344030-CA

ADJCINY FLUX SPACE FUNCTYION BY ZONE (SUMMED CVER ENERGY)
3.03576D-04 1.29435D-N04 2.66235D~-05

kE%ULAR. ADJOINT FLUX INTERGRALS--~iDELTA K)})/(K$DELTA S WHERE S REPERSENTS MACRQO. CR0OSS SECTIONS, BIG CAODRY = 1+4868256D-09
ZONE GRP  SIGASIGR DB*®*2 Esw2 NU*S [GF DIFF, COEF .
1 1 =1+ 104852 (1 —1.6CS€83IDE 901 1227281E 02 ~-54922714F-01
2 =6.T72186N0F 00 -B,06€6224E 00 7. 000970F 0F -3.87S1680E-0 |
2 3t -2.113946€ €N  -3,563710F 00 2+348830€ 91 -1.4489168€-01
2 —1.962744c CO0 -2,2178B%8BE 00 2.3452625 00 -L1.188277E-01
3 1 -1.873039€-01 —2.287546€-01 2.081155E 70 -2.0006€60-02
2 ~14537901E-C1 =1 .£E85975FE-01 3.4519A5E-2 -1.991272€E-02

VOLUME {NTEGRALS FLUX*ADJOINT FLUX -2,22251€ C1 CHI®ADJOINT FLUX, NU-%IGH®FLUX 1729000 "%

GRP. TU GRP. DELTA-K/{K*DELTA-S51GS) FOR ALL ZONES 1424+3see2e - (THE (H-GROUP TERMS MAXF NO CONTRIBUTION,)
1 1 1, 104552 01 2e113GaLE CO 14873039E-01
2 1 ©6.300871E-01 2e110735E-01 3.106750E-02
1 2 117873125 02 1e977725€E 01 11755138 M
2 2 6.721860E 00 1«e9€27844€ 0Q 1.937901E~ 01

FROMPT-NEUTRON LIFETIME IS 2.22252D0 01 SEC.

R R R R R R R R R R Y i L L R e S LR AR R R R s ]

NORMAL { ZATION OF (MPORTANCE MAPS IS TO UNIT FISSION SOURCE JMPORTANCE FOR THE ACTUAL PROBLEM, *
MULTIFLY BY YHE FRACYION OF THE CCRE TREAYTED IF THE VALUES ARE TO BF MADE RELATIVE 70 THE *
TUTAL s BUT TAKE CARE TO UNDERSTAND THAT THIS IS APPROPRIATE IN A SPECIFIC SITUATION. .

LR RIS S R R R P R R L Ry R I Lt Ty Ty e R R el L R A S S RS s R LI A2y

E-08Y



e

PLANE NUMBER

Q@ ~NPOE Wh o

1
7+3530~-08
5a434D-07
1e7290-056
3e1840~06
% +B840D-05
5e2950~06
7e9510-006
Fe0310-06
Qe HLHED=0B

PLANE NUMBDER

O RN U Wy -

1
5e080D=-07
4e8840-06
101850-05
24183005
3.3170-05
A 48520~ 05
5.4490-05
6.1500-05
©.5840-05

PLANE NUMBER

CE AR W -

i
TaTE00-07
S.790D=-056
1.8100~05
3,3350~-C5
S5.0680-05
5e8020-05
843280-03
$2457D=-05
1008D~Ng

PLANE NUMBER

O I I O N

1
540400D=07
%48240-06
1e1850=-05
241830-05
2,3170-0%
4,452D=-03
528449005
65e1600-05
625840~05

PLANE NUMEER

A& W -

L]

H
74353008
B+4B30-07
1. 729D-006
3184006
442340D-05
52298006
7.9510=06
FaNB20-06
F46086D=00

TROSS SECY1ON

i

2

3

3

5

2
6, 7580~-08
54 96ND-C7
1.589D-06
2e32TD=-0¢
4.948D~C6
5,97 00=08
7+308D-0¢
Bua3C [D=0E
8, B250-C%

2
4.8320-07
4. 0850-06¢
1.089D0-05
2. 006005
2, 0%Q0~08
4, N920-C5
5. NDO9D=-0
5. 689005
6.052D-C5

2
TOTTD~-07
642010D=0¢
1e6640=-C5
2, 065D~05
4, 56580-08
6. 2520~-0%
7.653p=-0C8
8. 693D-C8
G.248D-05

2
4.6320~07
8,0850-08
2+ 0B890D=-D2
2.078D~-05
3, 04 5D0-05
4,0920=-0%
5.,0090~05
5. 689D~-C5
B.052D-0%8

2
5.7580~-08
L. 9600-07
1»5890=-08
2.9ZF0=0&
40438D~08
Se 3T CO~08
7e398D=0¢8
B+ IN10-0¢
85829008

{HPORTANLE MAP

3
£+ 67BO-08
E4C07D=-07
1+235D-086
2+359D~C6
347370-086
S 01 €D~05
Se 140D~06
e 574000
7.2l 8056

3
3,8920-07
J3.2320~00
$:1310-06
12 €£60~05
2.5820~-09
3.4380-05
4.2080-05
2. TBCD-05
5« 5850-05

3
Se58£D-07
5.28420~08
1+3958D0-0%
Z«E750~0%
2:9140-05
Ta2820-05
5. 430D~0S
743C30-03
T« TEED-0S

3
3e8920~07
3. 8320-06
9. 1£10=00
Le£880~05
2., 5620=-0%
2243 E0-08
&5, 208005
Be 7THUR=N5
S 0B850=-08

3
S5+6780-08
5.0070-07
1.3356=-05
2:3390—06
22737006
DL LL8D=9%
8, 830D-0¢
u5T740-08
T4 8D=0%

4
4,.308D-08
3 7990-07
1.013D~08
{.668D=-"6
2. 836D-06
3.8086D-06
42 5658D-06
5+ 292D0=06
3,5280-0%

a4
2:9530=07
2.,80aD~06
6.943D =08
142790-05
1,94a0-35
2.85078D-05
3.1930-08
3.6270-05
3. 8580 ~05

a
4.5110=-07
3:9790=08
120610=05
1, 9540~-08%
2:9790-0%5
3. 985D-05
4:878D-05
5+5410-05
5. 8940-05

4
2,953D-07
228040-06
6, 9630-%6
1.2790=55
R:544D-95
2.6C8D~-05
3,1930-05
3, 627D-95
3,888D-05

4
45 3080~n4
34799D-07
19130028
12 BE60-06
2:2360-56
JaBO50-0S
4.658D-08
Se 2G20-086
S 6280=-08

{SIGA/KI{DELTA

1
2.6%4D-083
2+ 381D=-907
H522810-07
141490-05
1:7847D-16
2,3430-36
24B73I0-86
3,2670-06
32437006

3
1.819D=-07
$:5080-06
4.2770-06
T»3790-064
1-197D0-065
1+607D-05
1+9870-05

24234005

223770-05

S
2+7T730-07
254510-0%
E25350-06
1.2%4D~-05
1,8290-05
22455D0-05
3.0050-05
2,4130-05
3.6310-05

5
1.819D-07
1.6340-08
4,2770-056
728790-06
11370-05
Le&270-05
1367035
Ze234D-05
Z2e3T70-95

5
246545-08
2e3410=0T
€e2315-07
12k 4D=-06
£.7870-068
2+4363D-05
2.270D-C¢6
3e 2630-96
2e8B70-05H

K/7DELTA 51GA).

&
1.06556-58
¥23560-08
Z2+B0H50~0YF
44618D-07
7-0130=-07
FBRLEZ0O-0T
1le152D0-98
1. 3090=-05
1e3920-058

&
Te23330-08
6 4800-07
1.7170-06
36 163D-06
4807006
544510-06
T+ 8986096
B.27C¢0-06
Pe5410~-06

6
lell1BD=-07
DeBI9D-027
24623006
3,832D0-08
T23880-06
9.8560~D6
123€0=-05
1.3700-05
1.438D-15

5
7o3N30-128
La2800=07
1672 TD=06
36163006
L eBLHTD-NB
52851 0-06
T »8960-08
B W70D=06
DeFII0D—06

6
1.,0650-98
Fe396D=-08
243UBD-07
4e514D0=-07
7Te2 3057
$.8120-07
Leli520~086
a2 3090-06
13 3320- 06

14
435710~ 09
4.0310-28
1:0750-07"
1.980D-07
3e0GID=27
A ,0380-07
£2943D-07
5+619D=-07
S529720-27

¥
341330-08
2eT7E3ID-DT
T+3670-07
1:38570-06
2.0620-06
27680-26
3.385D~0G5
3¢848D0-06
4,0930-08%

k4
4,7870-028
442210-07
1.0250=-58
2207306
3415iD-06
842230-05
54176006
54885D~08
Ee2580-06

7
3«1330-08
2e7630-97
Te357D-07
1e3370~-05
2e7820-06
Z2768D0=06
2e383D-06
32.8480-05
22 0930-06

T
4e5710-99
443210-08
1e075D0-07
1e983D~07Y
R.009D=07
2442 330-07
24983007
5.6150-07
BeGT20-07

8
12170-09
1.7730=-"8
248610-05
5.271D-03
8,019D-03
1.0780=-07
1e325D-n7
1o 8Q5D-NY
1 +5900-07

8
8.,3810-~-09
7:336D-08
1:95ED-07
3+6130-07
5.,4900-17
T«368D-07
9.027D=-nT
1.2250=-06
1.099D-n6

3
1e274D-09
ls1284D-07
2.996D=-1T
$.520D-07
8.3890-07
1+1260-16
1 2378D-n6
13650906
1.5650=Ns

3
Ra341D-99
T.3550-93
19HID-07
2.813D0~-C7
5e420D-N7
7a3630=07
Fe200-07
12250-06
109005

8
1.2170-09
1273D~08
2+3510=38
542710~08
BeN10D-03
1073027
103150-07
1 n&I50-7
1e595D=07

9
talal1d-1n
1e0N6D=99
2eHA20-09
42941D=-09
TeSNQ0=09
1a0M80=18
le2340-08
1e401D=-08
1.490D=-04

<
T+8190-14N
6.8950-09
}e8290~08
3.387D-08
3.147D-08
6.9070=-n3
Be4550=Ag
Feb6N4D=DE
1eN22D0-07

9
1+195D-29
1e754D=-08
2¢805p=28
SulTAD-0F
Toe25a0-028
1255D-97
162920=-07
1e467D-07
l1e5610=-07

9
7.81i9D~10
56 8A5D~09
1.8390=-03
3e2870-98
521470018
Se TP~
8e8550-018
DeBNAD=-NA
1aN27D=nT

9
1ei®i1D=-1nN
1 e006D=09
245320=-19
4.9450-99
755090- 09
1.508D-ng
YeR30D-rg
1.401D="5
1eaQ00="8

£e-0sYy



THE FOLLOUWING ARE CHANGES DUE TO 100 PERCENT CHANGE

(DIVIDE HY 100 TN GET THE EFFECT OF A 1

FOR INSCATTE
GRP. TO GRP.
H H

NN
NOR e

SuUM OF ALL 1IN

ZONE GRP
1 1
2
2 i
2
3 1
2
S5UM IS
ZONE  GRP
i 1
2
2 3
2
2 3
2
BY 2ZONE
1
2
3
BY GROUP
1
2
JCTALS

THE FOLLOWING
SCAYYERING IN

B8Y ZUONE
1
2
3

BY GROUP

R

FUR ALL ZONES
0.6

[ %]
3.8897a47F-01
.0

SCAYTER IS &

REMOV AL
—3.£45021E~02
0.0
-1.099252E~C2
0.0
~1.25493€6E-03
Qen

=4 +BHITEED-02

ABSORPTIONS
-1.325461D0-02
-3.1592720-C2
=1447975560-C2
~142365280-02
—9.7397730=-0¢
-1,5503210-03

~4.4847320-02
~1e38B45LaD-02
—~14647718D-02

~1.4831760-02
~4.45508320-02

~6.0340080-02

ARE UNCERTAINTY ASSCCIAYED wiTH A

Ca0
(o}
1.7284176-01
Ce N

+5965230-01

SCATTERING
3.,52%2440-01
0.0
9.1849150-02
0.0
©+€209990-03
n.0

3.5252440-01
9.184915D0-02
€ +£209990-03

4.5059450-01
RN

4.5C59450-01

PERCENT CHANGE ).

Nah
QN
7.875938E-03
Deh

FISSION SOURCE

4.9091170-01
4.410607D~01
9.3953130~-03
S+8631520-92
Vet
0.0

9.319724D-01
6.2026830-02
0D

5.0030700-01
44.9969220~-21

9.3999920-n1

THE ABOVE TABLE TREATED AS AN ENTITY,

ABSORPT IONS

3.4260530-02
142453510-¢C2
1.%533770-023

SCATTERING

3.5252440-01
9+1849130-02
€+46209590-03

FISSION SOURCE

£.559460D0-21
54937951iD-22
0.0

TRANSPORT
4.442039D-01
2.085683D-n1
1.231793D-C
6.691558D-02
1.2004110-02
8.662038D-n3

6527122001
1.9009C9D-1
2.0666150-02

5.793873D-01
2.88408190-N1

B.634692D0-01

100 PERCENT UNCERTAINTY IN THE DATA

TRANSPORT

4,9073630-01
144017950-01
1.480303D-02

IN MACRCSCOPIC CROSS SECTIONS.

OVERALL
1.27438%D 00
64179763D~71
24229640D-"1
1131778D~-901
1.852771D-02
Te1117170-03

1.892362D0 20
3+3612180-C1
2.5633430-02

1.515857D 20
7+3826580-01

2+2541230 0"

OVERALL

15374370 00
3.238617TD-21
2.297740D-02

{UNCORRELATFD) »

BUYT NET

7e-05%



RUM TITLE - 2-~0 117X10 - 5 GROUP SEARCH PROBL
PREIMARY SEARCH = KUCLIDELOIRECT)

YENTURE NEUTRONICS €Q

REFERENCE REAL TIME FROM ZNATDN INTERFACE FILE

SOLUTION BY FINIVE-DIFFERENCE CIFFUSION THEORY
SEARCH PROBLEM

DIRECT CONCENYRATION SEARCH
A REGUL AR ADJOEINT WILL FCLLQW FCRWARD PROBLEM
PERTUREATION RESULTS ARE REQUESTEC
GEOMETRY NO, 7 2-D R-Z
NUMBER OF ENERGY GROUPS
NUMBER OF UPSCATTER GROUPS (MAX)
NUMBER OF DOWNSCATTER GROLPS (wAX)
MUMBER OF INTERVALS IN DIMENSICN & (COLUMNS]
NUMBER OF EINTERVALS IN DIMENSION 2 (ROWS)
NUMBER OF INTERVALS IN DENMENSICTN 3 (PLANES)
NUMBER OF ZONES
NUMBER OF REGEIONS
NUMBER OF BLACK ABSORBER ZONES
BOUNDARY INDICATORS- LEFT 1 RIGHY 2

TCP 2 BLTTOM  1°

MEMORY REQUIREMENTS FOR DATA STORAGE

MIN
STORAGE AVAILABLE H
MACRO CALTULATION
EQUATION CONSTANTS CALCULATION
CORE CONTAINED CR SPACE SYORED
PLANE SYORED
ROW STORED
ML TI-LEVEL PLANE STCRECD
INITIAL FLUX
CORE CONTAINED TR SPACE STORED
OTHER MODES
1TERATIVE PROCESS
CORE CONT AINED
SPACE SYORED
1 PLANES STORED
1 PLANE STORED
10 ROWS STORED
1 ROw SYORED
1 MUWTI-LEYEL PLANES STCRED
PERTURBATION CALCULATION

DATA willL BE STYORED FOR ALL GRCUPS, ALL SPACE
MEMORY LOCATIONS RESERVED FOR CAYA STCRAGE~--~—
MAX MEMORY LOCATIONS REQUIRED FCR THIS PROB--
MEMCRY LOQCAYIONS NOT USEQ-w-m=—e—=-c—e——recccan

SPECIAL SCRAYCH DATASET REQUIREMENTS
MAXIMUM PHYSICAL RECCRD IS 7200 WORDS

13 )

- SECOMDARY SEARCH =

OF 8LacC

-y

o
OED~ONE SN

TOVAL
EMusM
8000

568

1397
1737

705
1889

774
TTA

8229
3es2
3742
ar22
2966

9gs
4554
2330

18000
8229
9771

K = YERSION 2

MAXTMUM

DAYS

DIMENSION

A

6257
2068
2748
2748
1982

1029

82

782

432
anz
202
292
202
202
anz

ge~-0sy



RITE CONTAINER ARRAYS, CONTRCL 36 DATA G725

FILE 24 DEFAULTS TQ CORE - NOCRECSe RECSLNTH, TOT.LNTH, START LOC., CORE LEFT. 5 361 1700 1 8025
FILE 27 DEFAULTS 10O CORE ~ MCLRECS, RECLNTH, TOTJLNYH, START LOC, CNORE LEFT. 5 34890 L gahal 1711 €325
FILE 28 DEFAULTS YO CORE = NOSRECSs RECLNTH, TOTWLNTH, STARY LOC. CORF LFFT. s L 2] 1700 2ant 4E25
FILE 47 DEFAULTS 70 CORE - NOWRECS, HECeLNTH, TOT,LNTH, START LOC, CORE LFFT. S 707 3535 S510y 108%
DD PARAMETERS FGOLLOW FOR 21 = 2520 ANO B2 = S44n
N2= 3 WN3= 10 N4= I NE= & Ng= i N7= 1 NB= 1 NO= 1 Nin= 1 N11= 1 Nt 2= ! N13= 1 N14= 1 NS
Nig= 3 {NOTE THAT IF Y+#F FLUXES ARE TO BE EXPANDED FROM EXISTING RTFLUX, N1O= 3)
REQUIRED DISK STORAGE SPACE FOR FLUX{UNITS 23,27,28) IS5 10560 BYTES.
FOR CONSTANTS(UNIY 40) 1S5-- 32640 BYTES.
FOCR CCASTANTS{UNIT 23) IS-- 35200 BYTES.
FEAQUIRED TOTAL OISK STORAGE SPACE | Smes-mmom— o s o e e e 5518727 BYTES.
FOR THE ASSIGNED DATA STLFRAGE. TrE REQUIRED REGION SIZ% IS APPROXIMATFLY 402K BYTES
TITiLE FROM CROSS SFCTION FiLE 7/ & GROUP LMFRR CROSS SECTION SFTa.
PRINCIPAL MACROSCOPIC CROSS SECTICNS
GROUP 1
2ONE o4 SIGA SIGNF SIGWF SIGAS SIGNFS
1 2.516465E 10  S,792666F-13 1.62166aF-C2 1.536809E-13 9,405215€-04 2,8495080-97
2 2.4S1i580FE 07 4,337 13€EE-C3 9.2:15195€E-023 14034325€-13 0.0 D0
3 2.491576E 20 4,330140F-03 9.215225€6-C3 1.N34326E-13 0.0 Ne
4 244915765 02 4.330140T-N3 9.218225F-N3 1.734326E-13 0.C [
5 24491576t 0N 4,33C14CF =03 9.215225F-03 1.034326E-13 Q.1 Nel
& 2.491576F O 4.33014N€-C2  9.215225F-C1 1e734326E-13 0.0 Te
7 20121200F 07 B.1908€3F-Ca4 6.,3B9623E-06 0.0 0.0 Ner
38 2+.121200E 00 8.19CAE2F-C4  6.389623E-"% 0.9 240 Ne.0
GhOuP 2
ZONE D SIGA S1GNF S{GwWF SIGAS SIGNFS
1 1.453687€ 09 3,3426176-071 4,837B0NE-03 5,416419E-14 6.2N0797E-N4 124847 10E-0
2 144333005 09 1.975165F8-03 9.310N0166-04 1,>033252€E-14 0,0 0,0
3 1=438299E €20 197517C£~73 9.11N0027E-CA 1.033252€-14 0.0 N0
L 1.4382995 99 1e975170E-03 9.1310M27E-0a 1.033252€-14 0.0 NN
5 1e438299E 0N 1e97S170E-23 9.130027E-04 1.033252€-14 0.C LIPS
6 1438299 0N 1697517CE-C3  F.1100278-04 12033252E-14 0.0 Nen
7 142768455 07 $5.05743CE-04 0.0 2.0 0.0 [
3 1e276845E 07 5.05748CE-C8 Dot D9 [tR%] Cef
GROUP 3
IOME D SI1GA SIGNF S1GwF SIGAS SIGNFS
H Fe447532E~01 6, TAE028E-03 544723256 -03  64199490E-14 B.,8371N62E-04 1.604511€~-03
2 Fe359486E-01 5,11%528€-03 140750835 -03 1.23A740F-14 0.0 N0
3  $4359536E-~01 Se11F53SE-C3 1, 075084E-03 1+238741E-14 0.0 Do
4  9,3%9536E£-~01 5¢11€535E~-03 1,07350BaE-03 $e¢238741€E-18 0.0 0.0
S  9.359536£-01 S«11€535F-03 1.075084E-03 1.,238741€E-14 2.0 N.0
6 Q4 359536E~01 5¢11E5535E-03 1.0750845-03 1¢238741FE-14 0.0 Teh
7T 6.192686E~01 1aB512284E-03 0N 7.7 0.0 NN
8 6.192686E~01 15122314E-C3 0.0 Dety 0.0 Ne®
GROQUP 4
ZUNE D SIGA S I GNF SIGWF SIGAS SIGNFS
1 6.452593E~01 1.5748C7E~02 1,0686955~-02 1«212021E-13 2.05NTBXE-03 3.0789956-73
2 6.613877E-01 1.1768176-02 2.138645E-03 2.472050E~14 C.0 0.0
3 64813473501 1217984226-02 2,13R647Z-03 2.8472052E-14 N.C 0.0
4 641747 3E-01 1e1764226~02 2,13B64T75-03 2.4T2032E-14 0.0 0.0
5 6.813873E-01 Te1TG4225-02 2,13B647E-03 2.472052c-14 CeO De 0
& 64813473E-01} 14176422602 2.138647F-07  2.,472052E~14 0.0 a0
7  3.954161E-01 7+729638F-C3 DL 0 D9 0.0 N0
8 3,954161£-0 T.725633E-03 0.0 0N 0.0 N0

AN



HLROUP
ZONE

[N I T PO Vg

S

D

6e781518E~01
52902558E~01
6e GCIS27E-01
650 903527€~-01
£.903527£~01
6e 903527E-01
3.889154E-01
3.869154€-01

51GA

3.251838E-02
1.931511E-02
1e933515E-C2
1e221519E=-02
1+931519€-02
14931519E=-02
1.4EE9C6E-C2
1eALESOEE-C2

SIGNF
2-851023E-02
5. €9658BE-03
5+6966B88E-03
5«4 596688F-03
Se 096€8BE-N3
S« 696688F-03
Qa0

Oe 0

SIGWF
3223334TE-13
6.586382F-14
6. SB6387E-1a
6.,5856387€E-14
6s 385387E-18
He586337E=-14
Qe

Qa2

SIGAS SIGNFS
TLHDI51AE-03 B, 106362673
00 S0

0.0 Ne0

0.0 Ded

0.0 0.0

0.0 Ge0

0.0 De0

0.8 Ze0

FISSION SPECTRUM CONSTANY FOR ALL ZONES

7,S50370E~01

22, 3B0280E-1

1/v COMSTANT FOR ALL ZONES

3.876C78E~04

141 21930E~-03

SCATTER ING WACRCSCOPIC CRCSS

GRQUP 1 MBAND ¥ L)
TR0

Q.0 02
GROUP 2 MBAND 2 wmJy
P0

QeQ 3.099186E-02

D0

3.272273E-02

GROUP 3 MBAND 3 My
PO

D0 6¢354101E-C3

5e659224E=D4 0,0

648463237503 §5,669224€-04a
GRAUP 4  MBAKD 4 MIY
™o

0.0 5581 076E-03

D.0 5.589430E-03

G0 5.589440E=03

[ Y] T4264681E-G3
GROUP 5 MEAND 5 LV
PO

9,0 3.287920€-03

1.3059176~08
3.246958E-023
9:156958€-08
0.0

941 56952F-08
3e3A2087E-08
Cef

5.486%1 0E~08

SCATTERING REMOVAL

GROUP 1
3.152331D=-02
GROUP 2
8,+3611840-C3
GROUP 3
5¢5939140-03
GROUP 5
3,247920D0-03
GROUP S
X%

FINE MESH DESCRIPTION - PCINT
DISTANCE TO PGINT

3,3300290-02

6sAT0749C-03

5e5927560-03

3286953043

[ ]

- DIMENSICN 1

62 SITIFIIE-D3

3.0816346£-03

SECT IONS

2«0
Qa0

t
S5+214883E~-04

6+4867237€-03
Tel

T2 068573E~-06
T.5274CTE-06
75274075008
felEIZVEE-CT

22824T59E-QC
Ge0

le8059t18F-08
3.2469586-013
3.573390E-07

3,3370360-02

E.470T77%0-03

S.5927830-03

2,2489580-03

Ca®

1S LOCATED AT

0.0

9.182663E-03

J.272266E-02
3,272272k-02

0.0
5+45669224E-04
2,5240311E~03

103058 2E~15
1.062%19E~35
1e062010E~25
3.452154E~05

1.,4N53185-08
3,236958E-03
F+15695BE-08
3, 342087E-05%
L )

3.330036D-32
€.4707790-03
5.5927830-93
3.2469580~03
0.0

THE CENTROIO

{LEFT YO RIGHT)

2439397 E-02

D0 Ne) 049
3.0 3427227302 0.0
Qo0 244183525~02 D42
645320 TE=-03 B5.669191E=-08 0.0

Do)
52934805E-04

D80
Ge0
Qe
B0

34156958508
34342087E-06
0.0

180593 86-08
%,5161368-03

3.3300360~02

6e3707790-33

5 «5927830-03

3.23569580-03

Be0

OF  THE VOLUME

5,4632376-13
2.9

5.589414€-03
S+589440E-03
5.589440E-03
Te264681E-97

Te0
1+4059186-08
3.286958E-n3
D,1569586-08
V.0

343300360-062

Gea7THTTID-33

543927830-03

30 2456958023

Vel

ELEMENT

5.85693224E-04
4e524N11E-03

7:527391E=-08%
TeS2TANTE=-NH
TeS2FANTE=D6
1.1563285E-05

3.2369533E-13
9.1 56959F-13
3o 342NBTFE-DS
Teh

548651 0E~08

248872880-22

4,53FB39D=N3

T.2645810~01

A.5161360-0n3

Do

34272273E-02
24414452€-02

6e863237E-03
0
6e93480NSF -Na

14 06200RE-D5
1 e062010E-05
te062010E-08
3.4321348-05

3«342082E-08
Sel

1405918E~08
4 .516136F8=02
3e8T7339NE-07

244872380-92

#+5356990-03

Tu2EX6810-03

4251813603

feN

LE~0SY



H 6.2410 2 10.8C57 2 20.7%14 a 31,3091 5 3941139 6 45,3280 7T SNe.SAlH 8 ER,2€5a
9 61,3612 17 68,4633 11 74.8950 12 81.7364 13 8848928 14 95.5146 15 101.3582 16 106,5518
17 111.5n037
DISTANCE TO POINT - OIMENSICN 2 (TCP TO BOTTOM)
1 2.0490 2 641270 3 1042000 4 15.2567 5 2142900 6 273233 7 33.5%550 8 39.9850
3 46.4150 1 52, 28S5¢C

SEARCH LIMITING FACTORS - SP1 = ~5.,805285%5E 1€ Sp2 = =-1,.,0394815 921 SA = 1.009960E-02 SNF = 1e712408F-N2

DETERMINE INIT{ AL PARAMETERS FCR ITERATIYE PROCEDURE

REFERENCE POINT FOR INITIALIZATION wiLL 8F AT COQLUMN = 2 RO = 9 PLANE = t ZONE = 1

INITIAL OUTER (TERATION EIGENV ALUE C521879 OPTION o

INITIAL OVERRELAXAYION CCEFFICIENTS MAX, 1361220 MIN 1e2000N0C INNER [TERATIOMS MAX. 4 MinNe 4 OPTION
MESE POINT SWwEEP QPTION 1

QUTER [ TERATIOUN LIMIT TO EFf USEC 35 ESTIMATED 15

MAXIMUM STORAGE USED FOR CALCULATING INITIAL PARAMETERS WAS 1261

INITIAL FLUX IS FXK(JsK)SFY(])SF2{KB)

TOTAL CORE REQUIRED FOR DATA STCRAGE IS 8193 wORDS
ELAPSED CPU AND CLOCK MINUTES ARE 0.062 D917

8E~-0SY



A FLUXK - ELGENVALUE PROBLEM FOLLOWS
4 INNERS MEINs 4 IMMERS MAX - ChEBYCHEV
SIGMA~-1 ORDERING
PROCEDURE=Q 91 ¢ 24344 ~NURMAL , CHEEYSHEV, SEMEX ,DEMEX s SEMEXF o

BETA ON INNERS

ICVR=04 I-YES«eNO {NNERS CONVR, OCVR=N,1-YESyNG OUTERS CONVR.

ITER PROC ICYR OCVR FLUX CHANGE MU-BAR QOTHER-MU SEM=IND ACCEL ERATION PARAMETZRS K SEARCH FACTOR SeFe-CALC
1 o a2 o 1538400 €0 0.0 T4 "3-00000 0.0 1.0 D.T74T71086 .7 0.0

NEW OVERRELAXATICN COEFFICIENTS CALCULATED
1+26588 1,35648 1.24912 1.15511 1el13327
2 0 ) a ~&,4671106-01 0,3a731 Q.9 1400000 100030 Ne N.7577998 0.0 2.B5357p o0
3 4 0 ] -4.0694%42D=01 V70750 0470 100000 2.41884 [ ] Ne?7982813 2e85357D-01 2+68730D "N
4 o Q 4] —3.€656430-01 0471569 0.7 1.00000 2052512 =-0.90537 N.8316870 5.255520~01 2.554132D 0O~
S ¢ n o ~-3.17256D~01 D.70948 0.0 1.00000 1.25731 086650 D+8591307  T7,2Ba100-0% 24450210 N*
[ 0 4] 0 ~2.716240-01 071982 Da8 100000 8459634 t«34%40 N¢8817867 9,00590D-01 2,36872D NN
7 ) ] 0 =24314€20-01 073641 3,9 t.00000 ~18,92863 14.70388 NeIBA6281 1 474TA0D ON 2,30395D o0
8 Q 0 o] ~-1.973540-01 0.75396 0.0 100000 21.012684 =12,33785 f.91864021 1.17306D N0 2,25174D "D
9 0 o g -1s772130-01 NL.80S38 DLO 1206000 —3,524n0 4.59751 Ne9822742 14388790 6N  2,17460D NF
1o o ] b ~1.563540~01 0.80432 0.0 100000 2.79136 Ve26502 N.9785125 1.,70312D0 00 2.07237D N0
11 d L] 4] -1.01238D-01 0e39671 040 1.00000 —=1.162589 4438010 10118173 1,998%520 60 1.9818"D 0On
12 a [+] bl -2+.853€680-02 Ns14299 0.7 1.80000 C, 02087 9.0 17101636 1.9818C0 00 t.97886D 7"
13 o b Q ~7.24038D-03 D0 2.0 1.00000 De 0 N.90 1¢N71001948 1,97692D 0N  1.976680 0
14 0 o] n -2.207860-03 0438132 0.3 1 +00000 Be565149 -H.,N1181 142101285 12976680 20 1.97520D M0
15 s ] [} b} -1,353T720~C3 0.49451 0,9 1.,00000 —4.07548 1457459 17100280 1,975200 Q2 1.974303 9°

23RS RXRSEARCH EIGENVALUE RAMGE VIOLATED - CALCULATED 1.974900 00 USING 1,0000nD 50

NE# ZNATON INYERFACE VERSION 2
DENSITIES UPDATED FOR DIRECT SEARCH WITH CHANGE EIGENVALUE
PROCEED ING wITH SECONDARY SEARCH

HAS BEEN WRITTEN ON I/0 UNIY NUMBER It
1. 000096 00

TITLE FROM CRDSS SECTION FILE 7/ S GROUP LMFBR CROSS SECTION SET.

PRINCIPAL MACROSCOPIC CROSS SECTICNS

GROQUP
ZONE

© =0 W& W

® NG AW~

GROWP
ZONE

-

1

D

20461068E Q0
2.491580E 09
2.491576E 00
248915765 03
2543157HE 27
2.491576E 02
2.1 21200 00
2.121290E 00

2

o

144214238 00
1«4383QQ€ 92
1«83B299E 90
1«438299E 00
1438299 99
14438299 09
1¢276845E 00
1«276845€ 00

3
0
9, 229326E~01
B« 3564 86E-0Y

S51GA

Be732788E~CQ2
2e33013€E-03
4+33C140E-93
4,33CIACE~0]
A.33014NE-03
4,33C140E~C3
B.19C462E~Ca
B8.1904€3E-04

SIGA

2.962696E-03
1975165602
1+49751T70E~02
1,971 70E~-C3
1+97E1INE-C3
1+97517CE~-C3
5+0E74€CE~T4
S5+05748CFE~Ck

51GA
T7+623135€~03
5.11£528E~-03

SIGNF

1.706615€=-02
3, 215195E=-03
9215225603
9.2152258~03
S.215225E-0C3
Fe215228F-03
Ee 3BIG2IE~N6
£,389623E-06

S1GNF

6, 322514E-03
5. 11001 £E-06
9+ 11002TE=04
$.110027E=0a
e 1IVOD2TE~ D4
9.110027E~-"4
Oe0

N0

SIGNF
T2DTEBIIE~NT
1. 0YSUB3E-03

SIGWF
1832810E~13
1s038325E~13
1+034326E-13
1.034326E~13
1.034326E~-13
1.033326E~13
[ ]

0a0

SIGHF
7.079309E-14
1233252614
1.033252€~14
1«033252€~18
1.333252E~14
1,233252€~18
0.0

Je 3

SIGWF
8.019117E~14
1+238740E-14

SIGAS

0.0
0.0
De0
Qs 0
0e0

SIGAS
()
Del
Ge O
Oen
0.0
Ge0
Ce0
De 0

51GAS
0,0
L PR

St16
Lo %3]
Qah
Ne0
Nel
00
Nal
2.0
D0

sis
Ta0
0.0
a,0
fa0
9.0
0.t
Dotk
Qe 0

516
Qa0
0.0

NF S

NFS

NF S

6£~-06Y



A FLUX - EIGENVALUF PRUBLEW FCLLCHS
4 INNERS MiN, 4 INNERS WMAX ~ CHFAYCHEVY
SIGMA-1 ORDERING
PROCEDURE=0,+142+3,3-NORMAL yCHEEYSHEV, SEMEX,DEME X ¢ SEMEXF o

EETA ON INNERS

JCVR=" 4 1-YFSsNO INNERS CONVR.

ITER PROC 1CYR OCVR FLUX CHANGE MU~BAR  OTHER-My SEM=-IND ACCELERATION PARAMETFARS SAURCE
1 c 0 ¢ ~2.46C1T7C=-N1 0.0 D0 170000 0,9 (L) SaTS668E

NEW QVERRELAXATICN COFFFICIENTS CALCULATED
l.24532 1.35376 1.24€62 115431 1413277
2 o} [e) ¢ ~2.0948aD~-01 DaTABTE 24D PaQnNO0o 1.00009 T.N S5¢17947F
3 [ 0 o ~1+0S11E50-01 0.88922 7.0 170009 N.B1561 NN 4.564357%
4 0 n c ~3.656510-022 Ne33322 9.0 1.00000 " 97461 =0,25825 d,a3739F
5 o] o o] ~2.0%4380-02 N435219 2,9 100700 N.43515 NeN3513 4,83275F
& bl o] n ~E.26761D=-r2 Ne32682 3.0 1.7000C " e 03967 Ne156318 4,433446F
7 n [} fal ~1.7S756C-03 Q0.47308 0.0 100000 -r.23625 N.26414 4,43399F

NOTE RILAXFDO FLUX CHANGE N FIRSY PASS OF INDIRECT SEARCH

FINSL CALCULATED KFFFECTIVE C.GCa4171

MULTIPL ICATION RELTABILYIYY ESTIMATCRS

BY THE SUM OF THrE SQUARES OF TrE RESTDUES N.9N044533

UPPER AND LOWER POUNDS ESTIMATES E£Y MAX REL FLUX CHANGE D.9060N67 De902R27S

UPPER AND LOWER BOUNDS ESTIMATES CVER ALL SI{GNIFICANT PUOIMTSGw—-—v—- N 290930489 NaB895%7 30

NUMBER OF INNER (TERATIONSs CUTER ITERATION ERROR EIGENVALUF, AND OVFRRELAXATION COFFFICYIENTS 4

124531 1435366 1.24691 1.15431

CPU AND CLCCK MINUTES REGUIRED FOR THIS

COURSE MESH CHANGE FIGENVALUE IS
LLAPSED CPU ANOD CLOCK MINUTES ARE

A FLUX - EIGENVALUZ PROBLEM FOLLCWS

113277

3.96292D-01
D+197

4 IMNERS MIN. 4 INNERS MAX - CHEBYCHEV

SIGMA-1 ORDERING

2.382

BETA ON

TIGENVALUE PRUALEM ARE

PROCEDURE=04142+3,4-NORMAL » CHE EY SHEV, SEME X ¢OEME X, SEME XF o

{YER  PROC ICYR  OCVR FLUX CHANGE MU-BAR
1 0 [} n ~4.66€37D-01 0.0
NEW OVERRELAXATICN COEFFICIENTS CALCULATED
1.24435 le34408 1.,24055 1.152%2 1613167
2 4 (o] (o] -4,775970=-11 0«T3470
3 1 0 0 -3.21417p-0: N.51227
& a 3 [ ~1e€5776D-0% 0.43288
g [} [} ¢ ~Ee263€60-02 0.45717
& o o sl -4,.,50AB830~02 N.52308
k4 o [} [} -2.81751D-02 061089
3 3 9 o -1.3S0380-0¢ C+69575
9 ) o o ~%.689430-113 0.0
1¢ o k] bl 4.53654D-03 0.67597
11 [ n 2 2.85904p-03 0a7n013
12 o Bl C 2.03129D-03 Q71021
i3 ¢ 2 [¢] 1+4373240-03 0.73363
1 [ o o 1.032220-03 N7D155
15 3 9 n 2.50480D0-03 Ne70098
3 0 9 o] ~7.364570-16 [0

ESTIMATED ABSOLUTE POINT FLUX RELATIVE FRRQOR

FINAL CALCULATED XEFFECTIVF 1e.CCE41 0T

MULTIPLICATION RELIABILITY ESTIMATORS

OTHER~MU
DN

2.0
9.9
(AR ]
0.9
Qe
7.0
D60
R

7. 8R758D-06

EY THE SUM OF THE SQUARES OF THE RESIDUES

INNE RS

JCYR=0, 1-YES.ND

SEm-1ND
t«NODOC

«00009
«0000C
«N000N
+00000
«20000
«0000N
»00000
00000
»N0000
«COC00
0000
»00000
1.00¢00
e 4

1.00000

-t . e e e e e e e

0.02a

na113

INNERS CONVR.

ACCELERATIUON PARAMETERS

Den

1.000nD
17501310
1.19493
N.58299

-7.22099
9e13755
8.66276
(e X el
D31 1INT
2.4218%
1,85549
1.33169
3.30997
3.13297
Na

10064107

Ned

D40
00
=-3.25711
Ne1NTI
3.340383
=3.22962
-?2.87214
a0
0.28717
-2.05445
~0.95724
NW75715
=N 67973
~0.5567 8
Oan

DCVR=0,1-Y S NC OUTERS

K-USED
15 1.7099993

ts 1N7939G%
15 0.9502457
15 N.9708082
15 N,9041489
15 N9N482664
15 049742765

CONVP.
K~CALC
N B9S1FSA

NeHQTIET
fLernansy
c.9ra14R9
n,arape6a
N.GNa3TES
LPCLEYS R Al

OCVYRIZN L 1-YFESWNO QUTERS CONVR.

SQURCE

1.N5353E

94 ICS2NF
G TEIITE
9. 6847 2F
9.621837%
Be5TN27E
9e S2308F
Qa8 IBIE
942232 3F
F.21333=
De21IVTE
9e21235E
9.21186F
9.21151F
Fe21127F
9e21070E

UPPER AND LOWER BOUNOS ESTIMATES 2Y HMAX REL FLUX CHANGE~ 1.0064141 1.71M64073

UPPEK AND LOWER BOUNDS E£5TIMATES CVER ALL SEIGNIFICANT POINTS—-==~ 1.0064248 10063965

NUMBER OF INNER ITERATIOMS: CUTER I7ERATICN ERROR EIGENVALUEs AND OVERRELAXATION CIEFF{CIENTS 2
1424434 1.34400 1+240E56 1.15252 1413167

CPU AND CLOCK MINUTES REQUIREC ¥FOUR THIS EIGENVALUE PROBLEM ARE

COURSE MESH CHANGE EIGENVALUE IS
ELAFSED CPU AMD CL0OCK MINUTES ARE

4.10235%0-0%
NDe274 3.293

f.04a2

Na217

K-UseD
16 1.N099993

15 10096993
15 1eNNGQ393
15 19099993
15 1.0096993
5 17099993
15 1.7799993
15 10N1999G3
15 1.0084193
1S5 1.7766880
15 1470666428
18 1e0NESBTH
15 1aNNE5288
15  1.0064976
15 10064716
135 1.M064107

7. 009840-01

K-CALC
0.,0791812

0.9947178
T.07"NA116
1a0029786
1en0a2€16
140039737
1.0054032
1a0rSETTE
1.0r6BABN
1. CNEO6AR
T.006587F
1765348
1.0r6497F
1.7°76473¢€
1.0N6a530
10064107

0%-0S%



A& FLUX = EIGENMVALUE PROS.ENM FALLCWS
4 InWNERS MIN, 4 INMNERS BAX -~ CrEBRYCHEY BETA DN INNERS
SI1GMAaA~t ORDERING
PROCEDURE=0p142, 3. 4 -NORMAL JCHEEYSHEY. SEMEX JOEMEX s SEME XF ILVR=041~-YESNO (NMERS CONVR. NCVR=D41=-YESSND OUTERS
ITER PROC ICYR  2CVR FLUX CHARGE HU-BAR  OTHER-MU S EM=IND ACCELERATION PARAMETERS S0URCE K-USED
1 Q bl a 108€£220-06 V.0 L] 1 .0N0000 Gen H.0 FeA5981F 15 140095503

FINM CALCULATED KEFFECTIVE 1.00599393

MULTIFPLICATION RELIABILITY ESTIMATORS

BY THE 3SUM OF THE SQUARES OF THE RESIDUES-~we~cwccramamcen—a m————— 1.0099%92

UPPER ANG LOWER BOUNDS ESTIMATES 8Y eaX REL FLUX CTHANGE 1.0100004 1.0099982
UPPER AND LOWER BUOUNDS ESTIMATES CVER ALL SIGNEIFICANT POINMTC 1eDiDOGLS 1 40099685

NUMBER OF INNER ITERATIONS, DUTER IYERATION ERROR EIGENVALUE. AND OVERRELAXATION COEFFICIENTS 4 A.n
1228622 1234367 1.24029 1415242 1413159

CPU AND CLOCK MIMUTES HEQUIRED FOR THIS E{GENVALUE PROBLEM ARE D.00% N4063

FInNAL COURSE MESH INTERVYAL BOUNCARIES

AMESH 0,0 12851210 01 6.0075190 01 Be4128718D 0t 161017790 02 1,309249D 02 1 .461649D N2
¥YMESH N.0 12240000 €3 320340000 0O} 661383730 01
IMESH 0,0 10003000 00

OISTANCES TO FINE MESH INYERFACES

/KX H L 2 12,4817 3 17.6512 L 3T+5595 & 506 0385 6 6040752 7 67 eB863
LAXK 8 74,887} 9 81.2872 13 919318 11 171 ,35658 12 11044779 13 t17.5013 1a 128, 39473
15X 15 130.92a9 16 13641945 17 141.2677 18 1a8.1649

2/YY i D.C | 2 440830 3 Bs1600 4 12.240C 5 18,2733 & 24,3047 T 3063400
2rYY 8 38.1014a ] 258629 0 5346283 ti 61 +3857

3/LL i 0.0 2 10000

DISYANCES TO FLUX POINTS

/X 1 Be 8256 2 15a.28¢4 2 2943482 4 4442752 5 55,3123 6 6% 40999 h g Tiea729
17x 8 T8,1527 9 B85, 7725 1397 GE«B163 11 175.9115 12 113.8985 13 (209969 1a 1277914
/X 15 133.%€657 16 138.7543 17 1a3.7372

2/Y t 2,0a00 2 €s120Q0 3 10a 2000 L 13.2567 s 212900 & 27.3233 7 3442277
27Y 3 41.9822 9 42474386 12 375050

372 1 0+ 5000

CONYR,
K=CALC
1.0nr99993

LEAKAGE 7470428 12 TOTAL LOSSES 1.04243F 14 TOVAL PRODUCTIONS 1.05Z85F 14 REACTOR DOWFR(WATTSS 2.34500D 02

PRIMITIVE FISSILE CONMVERSION RATIC (S 14233250 00« ESTIMATE FOR CRITICAL SYSYEM {S 1.26298D 50
FISSILE DESTRUCTION PER UNIT ENERGY (ATUMS/WATT-SECE IS  2,39028D0 19

BOUNDARY NEUTROMN LEAKAGE

GROUP LEFT RIGHT TER BOTTO®M FRONT BACK
1 Ga 2.9058C0 10 4,5473E0 11 Qe 2.2 0a0
2 CeD 3.651100 13 A.1127€0 12 D0 D40 D49
3 Va0 1514830 11 1536350 12 Qa0 Ned 0.0
4 CeO 50200080 10 5,673540 11} DeN Ns 0 (A
S Cs 0 1677240 10 1,.357210 1y Do) V.0 D0
S5UM G0 64238Z48F 11 €. EQEGYE 12 (a0 8,0 D)

GROUP NEUTRON BALANCE FOR EATH 20NE

ZOME GROUP ABSORPYIONS Ox%2 § 0SSES 1/7Y¥ LOSS OUT-SCATTER IN-SCATTER Pl IN-SCTATTER S3URCE PORER(WATTS)
i 1 1.07637€ 13 0.9 0.0 S.13342E 13 4.0 0.0 Tel3a96E 13 P,93012€ 02
1 2 2201758 13 0,0 Qe 3,72454E 13 5,04648F 13 n,.0 P.28929E 13 4.11208F 02
1 k] 2071276 13 0.0 0.0 1523928 12 3.8C0SERE 12 0.0 &£455628E 11 221 760IF &2
i L3 1.27917€ 13 0.7 2.4 20345088 12 1+ 53096E 13 2.0 qa.0 1.12228F 2
1 5 2>43421€ 12 O.0 Cel 0.0 2:,33F11F 12 N,0 0 2.652008 o)

AVERAGE FLUX

2.2ROBIE
GaNI3NEE
8,210558E
1211517€E
Qa9 BSAF

no
)
9
99
a7

1%-0¢Y



SUM

NN NN

SUM

oW

SUM

P ob e b

SUM

(SR NE RV )

SUM

[ 3 I s I )

SUM

~N NS NN

SuUM

-2 2 )

(6 IR S WEE VI [E R R PR N bW 5 W, Vo O P W e W

[ - RN I

6.97198E

5, 58655F
1271 328€
2,80928€
24 32774E
Se91685€
8.00062€

9. 63481
2¢67TTIE
4,15135€
3+40081E
8. 65680¢€
1420 690E

14238526
4. 75 542E
Be62779E
7. 86859E
2.28056%
2e8TTI19E

6e 77219
3.11073€
6o 21 TI3E
S« 96 050E
1.815N03F
1e77814E

205 1386E
Ge 93934E
2094 553F
2.05038E
be 64 3A3E
$5.95937E

2.98625C
1. 817%6E
3¢ 729958
8481 738E
3,81766F
1 84716F

2+46245€
24319933
Se24519E
1439386%
be79327E
2484 1 36E

OVERALL NEUTRON 8ALANCE

SUM

ZONE VOLUMES FOLLOW.
6.444560F 05

GRQUP ABSORKRTIONS

U > Wy e

1.25303€
2. 849863E
2.97969E
2411293
4.81723E
967 T20€

13 0.0 0.0 14061 84E
11 0.0 D0 4,29626F
12 0.0 0.0 S5.6128LE
12 0.0 Cs 0 3.07436E
12 G.0Q 0.0 6.40832%
11 0.0 0.0 0.0
12 Q.0 0.0 1.36213%
1y 0.0 0.0 7409525
12 0.0 0.0 8,7723%E
12 0.0 0.0 4+54958E
12 040 0.0 Fe30240E
iy Ce D0 0.0
13 0490 Ded 2416677E
11 0.0 0.0 9.52473E
11 0.0 Cetd 1558238
11 Qe N9 $.43270%
11 0.0 00 2.16623%
11 De0 0s0 0.0
i2 0.9 0.0 3.67059E
19 0.0 0.0 $.20806€E
1 0.0 0.9 1,01999%
i1 Ce0 0.0 5.79803%
i1 C.C 0.0 14640938
11 D0 Qe 0Q 0.0
12 0.0 C.0 2+38379E
10 C.n 0.0 1 «S7795F
10 c.0 0.0 3425619E
it N.0 0.0 2+23636%
11 0«1 0.0 S5+64270F
10 0,0 0.0 00
11 0.0 0.0 Te63498E
19 Ca.0 0.0 9.06869E
11 N.0 Cc.0 1.63040%
11 0.C 0.0 1+67622E
1 Cay Ce0 5415166E
11 C.0 0.0 0.0
12 0.0 0e0 4,7286SE
09 C.0 Qen T+87793E
11 Cen O.0 1.95435E
16 C.C 0.0 2436350E
11 N0 240 8+14380E
10 0.t 0.0 0.0
11 L 0.0 5+89003E
Be®2 LOSSES 1/V LOSS OQUY-SCATTY
13 0.0 0.0 6.56528E
13 0.C 0.0 S+63502E
13 0.0 040 2+66393F
13 0.9 D.0 4.95592E
12 0.0 0.0 2.0
13 0. 0.0 1+536N8€

TOTAL VOLUME
5439510E 0%

3.75727E 0S

4.120n5E 06
3.14540E 035 4.878B76E

ie

12
11

12

i
if
11
10

1
12
12
11

1.76184F 14

0.0

4.22173€E 12
5.467941E 12
3.07742E 12
6.842691F 11!
1¢386213€ 13

0.0

T«.281005 12
8.BA827E 12
4,.55943€F 12
9.+ 39004€ 11
2.16677E 13

0.0

9e35949F 11
1.57263E 12
F.43823F 11
2.17192E 11
3.670598 12

0.0

Se¢11772€ {1
LaO26T7€ 12
6. B3OTABE 1
1.645038 11
26393798 12

0a0

1.550588 11
A,27926E 11
2423932 11
S5+465813F (0
T.634098E 11

0e0

8.803i3E 11t
165148 312
1.68166€ 12
54151998 11
4, 728B65%E 12

0.0

T«+25901F 10
1+98014E 11
2369575 11t
Be14414EF 190
5.89003F 11

IN~SCATTER
9.0
6.4527327 13
Se74009F% 13
2671455 13
8,96972€ 12
153608 14

0% 2.8B4437E

P

T
N0
Ne0
Ne0
0eD
00

05

9.83931F

2.36B86F
Te8H 1526
2.17490F
N0
049
3.13876E

3.76174F
1+ 1BSAQE
3.45665€F
10
D0
4,98219E

6.536534E
2.05026F
6.91529€
AN
Na0
8.65566E

4.33502€E
1436665F
2,983435
D0
N.0
5e74146E

1e01492F
8 .a50%5487
163971 7F
0.0
0N
1 +B7393E

1.74157E
5.49029E
146NN32F
a0
Den
2.3066NE

1.43609€
4.52726%
1e¢3396LE
NeN
Y]
13320 1E

IN-SCATTER SOURCE

7870688
2.483123F
T .23234F
0.0
L}
1.04242F

B« 215188 05 6.519908

12
1t
i0

12
12
10

11
11
09

i1

(5]

11
11

160
r3

ns
Ny
0%
8
o7

06
ns

n7

14

1.06057F

1+ 33444F
B.F6256F
6.80275E
4,87394F
2.C1752€
3.6"N61F

2.30144F
1.40077E
{+00768E
7.1 2ADSF
2+95193F
S.71788E

P2.95842F
2.4 EB818F
2=N8924F
1.68925F

03

2} }
on
on
nn
no
01

~M
o1
[
o6
oan
01

on
oo
on
o¢

T.TTHASI9E~ N

D 96275E

1e€1765E
1+62729F
1+5M569E
1.2893%F

nn

o0
o0
0o
on

6.18916E-01

€.51828SE

4,90121F-

on

o1

S+193848E~-01

8.,959331F~
4.29756E~
2.26538F~

2+15169F

.
DI 0%0

22O 3V 0
.

330300
R
03 HIND

01
61
n
00

POWER{(WATTS)

3.34436F
4,3e811F
2.38571E
1+27564F
3.31170E
1.37250%

as

a2
02
n2
02
[} ]
02

23G9135E
1e6N7785
1.N01790E
IL.ESBPLE
S.6T770E

S5.92201F
J.EeNAITE
2e168NTE
7.6TA3AE
1.19235F

9.C9341E
Te65596E
€.36207E
2e12106E
3.78276E

3.,20566E
I,22811F
2=4G141E
1403BR7F
1=926N8E

1 +£6594E
1.7€6916%
1.60582EF
6e11% G3E
12209235

4,4381485
4437555F
2.B0865F
1«3R8RE6E
3.16794F

4,61124F
6a88255F
4 .98997E
2.T6RTOE
7.1C290F

oa
a9
[
08
fald

na

ne
“R
08

07
oA
0B

[ak4

nr
na
[43:]
ar
ar

nr
a2, }
[=]:]

n7

neK

nr

n7

N6

Ty-0SY



PCINT NEUTRON DENSITY {NEUTRONE/CC)

1 2 3 4 5 & 7 a8
i 668130 D6 6.262D 08 5,8000 06 A.838D 0& 33,9750 26 33,2680 06 2.5430 06  2.125D 04
2 t«415D 07 1.3820 A7 11,2870 47 1.0670 Q7 8.7720 06 7.168D 06 5,833D0 06 4.69%D 06
3 261130 O7 2.063D 07 11,9110 OF 1.593D 07 123090 97 140690 07 B8.695D 06 649835D N6
L 246530 A7 2.5900 07 2.369D C7 1493990 07 1.6420 27 1.3800 27 11,0880 07 8.732D 96
5 343500 07 3.3100 07 3,065D N7 2.553D 27  2.0095D 07 1.796D 07 1.382D 07 1.105D 07
] A2l 640 07 4.06S0 07 3.7¢4D 07 341330 07 2.5690 97 2.087D 07 1.686D 07 13470 O7
7 448100 07 4.6950 07 4.3480 07 326160 07 2.969D0 137 2.398D 07 1.9290 27 1.581D 07
8 54776D 07 5.6380 07 5.2200 07 4.340D 97 3.549D 9F 2.869D0 07 2,3010 07 18330 07
o B+558D 0T 5643990 07 5,520 07 4.925D 07 4.024D 07 3.,2500 0F 2.6020 57 2,067 07
10 549780 £07 648120 €7 6.30860 07 5.2410 07 24,2810 0T 3.4560 07 2,765D 07 2.194D 07T
12 13 14 1s 18 17

1 4.09B0 05 2.748D 05 1.€200 95 1.189D 0% 6.9920 24 2.851D 04

2 9.0590 €5 6.08%0 05 4,0620 0S5 2.6470 N5 1.,579D 05 64362D 04

3 143430 06 Q.049D 0f 6,1200 05 4,037D 05 2,4950 75 9.7400 0a

3 1.663D 06 1,1250 0€ 7.814C 05 5.634D 06 3.3830 05 143740 05

5 2.,0670 06 1.3%6D0 06 99,7780 05 7.,282D 05 4.434D 73 1.8100 65

& 245040 06 1.684D 06 {.100D 06 8,.845D0 05 S,411D 05 2.213D 05

7 229980 06 2.007D 0& 1.402C 08 1.052D 08 6.,436D 25 2.6340 05

8 3.488D0 06 243230 C€ 1.€17D 06 1,2110 D€ T.4080 95  3.030D 05

9 348530 06 2.556D CE 1.TT5C 06 1,327D0 0& S.108D 05 3.3160 N5

10 A,047D 06 2.6800 06 1.8580 N6 1.3880 06 8.478D 75 3.,467D €5

THE RELATIVE NEUTRON DENSITY TRAVERSE LEFY-TO-RIGHT IS
1000000 00 Ye763700-C1 9.€3719D-01 Te510650-01 64135260-01 44952670-01 3.962260~01
14484660~-01 9.11229D0-C2 S.EOCICD-02 348a0940-92 2466267002 1498937002 1s21490D-92

TRE RELATIVE NEUTRON DENSITY TRAVEARSE YOP-TO-BUTTOM IS
9.190460-02 2,02829D~01 3.028610-01¢ 3.802110-31 4.85793D-01 5.966890-01 64 892130-91
1.00000D 00

POWER DENSITY INTERFACE FILE PwCINT (VERSION 1) HAS BEEN WRITYEN ON UNIT NUMBER 19

PDINT FLUXES WERE WRITTEN CN RZFLUX UNIT 18 FOR ZONES(NON-ZERQO) 1 Q
ELAPSED CPU AND CLOCK MINUTES ARE 0, 885 S5.8574

ACJCINY PROBLEM FOLLOWS
4 INNERS RIN, & INKNERS MAX - CHEBYCHEY BETA OM INNERS
SIGMA—1 QROERING

.

9
143170 26
3.3490 N6
2e9830 06
B5+219D 76
T«B710 N6
D696 06
1175D 07
13950 g7
t+5650 07
1.657D0 N7

3414403001
84496798D=-03

Be27668D-01

19
Se7440
21520
21970
249780
S.N030
641820
T +a%6D
2479390
8.8150
10360

id
6.2320
143770
Pa0420
25230
221640
3.8%56D
4,648D
Ss8440D
&6, 40D
643590

2«374070-71

9e39425D-01

PROCEBURE=0+132 93,8 =NORMAL s THE EY SHEVs SEMEX s DEME X SEMEXF, ICYR=D4+1-YES,NO [NNERS CONVR. OCVR=D, 1 =Y ES,NT OUTERS CJONVR,

ITER PROC ICVR OCVR FLUX CHANGE MU-BAR OTHER-MU SEM-IND ACCELERATION PARAMETERS
1 ] ] o ?.610£620 00 00 0.9 1.,000560 00 2.0
2 S ] 0 B.764720 OC 3.63981 8,0 T 1.00000 1, 00000 De 0
3 0 Q 0 1.027780 %0 069218 0.0 1e00000 2424865 NDet
4 o 2 0 Ze¢6385ED=-01 0438870 0.0 1.,00000 1.01638 ~De5230%
5 ] o ] 9213895002 £e39200 0.2 100000 063243 N.00476
& [} ] o 2e 61362002 Cekh1348 0,0 1 .00000 =2.04502 1.03992
7 0 0 [ 1.609210-02 0+45383 G.90 100000 7.50225 -2,57043
8 < o o BuC76340~03 0.63415 0,0 1 .,00000 ~2453159 1229499
9 0 0 0 A4, E05450-03 D.67492 0.9 1.00000 2,47672 -D,22572
10 3 o 4 B.056TED~03 B68541 0,0 1.00000 2. 74040 ~0.42145
1t 0 D ¢ ~12789730-~04 Ds0 0«0 1,00000 0.0 1.0
12 ¢ Q @ =5+ 71227D-0% De74277 2,0 1.00000 Ca0a169 Ge08752
i3 0 ] o ~5.903280-05 0.68962 2.0 100000 2420927 0.01133
1% ) ° 0 ~3+691830-05 0a73956 0.0 100000 1.10210 1400361

PULTIPLICATION RELIABILITY ESTIMATORS

BY THE SUM OF THE SQUARES CF THE RESIDUES-——== o mewmem e — e ccn e - 10100001

UPPER AND LOWER BOUNDS ESTIMATES By MAX REL FLUX CHANGE==~=c-—eeww- 1+010G366 1,0"99620
UPPER AND LOWER BOUNDS ESTIMATES CVER ALL SIGNIFICANT POINY S~-=-=== 17101039 10099666

NUMBER OF INMMNER ITERATIONSe QUYER IYERATION ERRGR EIGENYALUE. AND OVERRELAXATION CREFFICIENTS
1413159 1.25915 1.24029 1.38360 1.24422

CPYU AND CLOCK MIRNUTES REQUIRED FUR THIS EIGENVALUE PROBLEM ARE 0,029 0,083

ADJOINT FLUX ENERGY SPECTRUM 8Y GROUP, 1 TO MAX, {SUMMED OVER SPACE)
65.60436D~08 5.26797D-08 A,084740-08 I.T4216D-08 4,586320-0¢8

ADJOENT FLUX SPACE FUNCTICN &Y 2ZCUNE f SuMsED DYER ENERGYS
1.110850~06 151137007 3.4B209D=-0G7  £,828%210-08  2,83596D-04 1.550390-98 2.485380-08

5.15614D-09

e~0sYy



REGUL A,

ZONE

1

¥ OLUME

GRP o
1

2

GRP

NL W0 & N~ PWwN=0 W~ T

PP E =D P W PO WN = DB WN

TO GRP.
1

ADJYOINT FLUX

INTEGRAL S

SIGAVSIGR.DB#*2

~1,733592¢ ©1
-541770NSE 01
=2+555159€ 01
-5.2618128 €C
=5+ 7TBSHROENE-N]
~2+515669€E-C1
-1.,401424E C°
-5+539829E-01
-1.461644E-01
~2.872955¢~C2
—1.064334F 00
-4.823760L C%
-1.+933080€ NC
=52 091053F -1
-34742809E-C2
-3.14577CE~-02
~12B446272-01
=7e116T8B6E-C2
-1 .901380E~02
-3.959861E-02
~5.876949E-02
-4 ,7438545-02
~1273283%7E~02
-4+ 958004€E-03
~1«181444E-12
~1e178603E-C2
~B.656560305-02
-3.0857875-03
~9.150908E~"4
~2+334598E~-04
-541169) 1E-02
~3.534289E-01
-1.21317a8F-C1
~3.167631E-02
—6.60H6286E~-02
~3.175887€-04
~3enN7TBATQE~N2
~3+295901E~04
—2.T7T77T411E=-24
=7 «N34487£~05

DELTA-K/7(K*DELTA-SIGS) FOR ALL ZCNES

1. 733592 01

6.248271E 01

2+8B93364F 01

T7+592584F 00

6. 634637TE-01

144367056 01

5.177905€ 01

2.396725€ 01

B¥*2
-G .2€6€484F Ot
- T7«3CET20E O1
—1.EG€774F 21
~3.28513I0F nC
- 3.79€329F-01
~T.264621E-01
~2+019669E 09
-5.18S004E-01
-9 +374225E-02
—1e77€254E-02
-2.651871 € 00
-6.533695F 09
-1.8129€2€ 00
-3.263134€-01
—50Q358526E-02
~7.837921€E~02
-—2.653126E-0"
—6.6%%103¢6-02
-1.219485€-02
—2+733699E-03
-1«713445E-02
-~64823081£-02
-1 e£21911E5-02
-3.1798M25-03
-~He15612T7E-04
—24526577€-013
~1.217676E~02
-2.869435E-03
-S.86E911E-04
~1611T6SE-04
—1e08S399€~01
~4.512740E-1]
~7«5128CRE-02
~1.25258%2€E-02
—2+556151€-03
~B,73€694E-04
-3.53C740E-02
-5,75€6S9E-04
—1+09B233€E-04
~24721751€-05

FLUX®ADJCINT FLUX =1,07

2+915669E-01

1+B47S2CE 00

1.134909€ 0C

3.9865)8E-01

6.N102142E-02

2.2189€60E-C1

1.401424E CO

B8.5G4061E-01

INTERGRALS-==4DELYA K)/(K*DELTA S wHERE

NUXSIGF
1.5664302% 01
5+921536E 2t
2+74191GE 21
7.19a4757€ 20
6428631 75-01
2+7125695-01
1e717647E N0
1+NEATSEE 00
3.704312E-91
S5.5746028-02
Ge982831E-01
658136178 10
J+417BTSE 20
1+184838E N0
17831 73E-D1
2.903038E-n2
2.330874£-91)
1.565870¢-91
€. 18B696E-22
1.768392E-92
5+282918E-93
6.238237E-92
4.768630E-22
1.959305£~-72
3.58E390E-03
1e0T74526E-23
1123334£-02
B8s+84993NE-03
3.761617€-03
7.3E5916E-24
4,724521E-92
4.347575E-91
2.885556E-01
1e390291E-91
3.086753E-N2
24896739E-24
4.0705325-23
3131441523
147318139E-23
4.324338c-04

DIFF. COEF.
- 1e374868E-02
-6+4300096E-02
~1¢521267E-02
-3.112436E-n3
1728SKE-06
T74885E-N13
~6.6N63T7AE~0G3
~2.,849441GE-03
-5+ 176908F-0a
-3,363781F-06
-6.07322GE-03
~147555085-02
-6.426151F-02
~1+180684E-03

B.293083€-05
- 2.152585F-04
-9.658416E-04
-31,7880035~04
—-9.322974E~-CS
=1+353698F-N5
-3.872742E-05
- 2.278833E-04
-8.803567E-05
= 2422748 TE-0S
~84+321888E-N6
~Te&51557TE~9%6
—4.827997E-05
-1+ 764596F-05
-4.684232E-06
-9.736086€-07
~T7.224926E-N4
-4.659235F-073
~2.322922E-02
-5.940930E-0Ca
-9,4764665-05
-84362982E-006
-3.5062655-03
-1.566164E-05
~—4.5792C1E-06&
-9.487593c~-07

S REPERSENTS MACRD.

407E 02

1.064334E 00

€e?26573E 0O

3.661591E 00

1+26G5656E 20

1+9117N34E-01

8,261285E~01

44320760E 00

2.8315S06E 00

CHY ®ADJOINT FLUX,

1+e2e3r0ese = (THE

3.145770E~02

2.526859E-"1

1.730412E~01

6e T2 1620E-032

1.153927E~-02

24371396E-02

1.844627E-01

14261911E-01

NU-STGF*FLUX

64875949€-03

6.82842T€-02

5.219994F-02

2. 1450735 -02

3.,925174E-03

4.7789439E-03

4.7438545-02

3.625689E-02

CROSS STZCTIONSa

1000030 40

11786N3€-03

12321938~-02

Q9. 7O7797F-03

4.159327€-03

Bs069715E-04

B2N099740E-04

Bed456050€-03

6 669H6T7E-03

RA1G DADDY =

I N—GROUP TERMS MAKE NI CONTRIBUT ION.?Y

5.116911£-02

4,819056E-11

3. 103123F-01

1.505734F-1

34343940E-12

3.757754€E-02

3.534289€E-N1

2+2R0517£-01

3.475€75n-1'8

3.178%BR7E~"4

4, 4E63SETE-CT

3.432878F~"3

1+883631F~r3

4,752263€~8

2+ 192322F~C4

3.N7BA79F~N3

2.370986F 073

77~0SY



1/¥ INEUTRON I MPORTANCE) MaApP
1 2 3
1 1781D0-09 1.6980-09 1485&0-0%
2 B845380-09 BH5.1380-06 6e5E0D-C9
3 24303008 2.1985D~08 1.8820-C8
4 4.,9550-08 4.723D-CE€ A4,0510~08
S 140290-07 9.807D-08 8,.,8100-08
] 2.40470-07 1.8510-07 1.6720-07
7 440650-07 3,8740-07 3,321D-07
a8 5+4650-0F 6.,161D-07 5,.26810-07
9 Be5450~-07 B.,1430-07 6,9790~07
10 750007 9,2900-07 T.9620-07
12 13 14

1 S5¢1870=12 2,205D0~12 Y.C810-13
2 243780-11 1.0190~-11 &.20tD-12
3 641030=11 2,628D-11 1.0980-11
4 14230D0-10 5,3100-11 2:318D~11
S 240960-10 B.9650~-11 3eS420~1]
5 3,2230-17 1.358D=10 5.,9440-11
7 47650~-10 1.9750~1C €,858D-11
8 6.85900-10 2.868%D-10 1.1510-10
9 8.1260-10 3.2770-1¢ 16395D0=-10
ie F011D-310  3.616D-10 1.5384D-10

THE FOLLOWING ARE CHANGES OUE TG 100 PERCENT CHANGE

{1/V/K){DELTA K/DELTA 1/¥).

. 6 7
1010029 647890-10 4.3790-10 2.,9060-10
4,8390-79 3.2530-89 2,1450-09 1,3880-09
1aI8D=-NE B.7770-09 5,7740-C9 3,7280-03
2:,807D-08 1.8840-08 1.,238D=08 7T.966D~029
5.8230-08 3.9020-08 2.5540-098 1.6230-08
1157007 T7.742D0-08 5,0860-08 3,1910-08
2:2960~07 1,5340~07 9.9670-78 £6,270D-08
3. 648D0—-07 2.4320-07 14575SD0-07 9.852D-08
428190=-07 3.2090=-37 2.07840-07 1.2930-07
5:3960=07 3.6580-97 2.352D0~-"7 1.4700-07

15 156 17
3e319D0~13 1.197D0-13 2.3858D=14
12565012 5.0920-13 9.5080-14a
3.,8390-12 1.2t140~12 2,181D-13
8.638D-12 2.560D-12 &.4410-13
1. %5400-11 4,6390~12 7.9490-13
2.:3410-11 T.0350-12 122120-12
3.3€80-11 1-0110-11 1+7410-12
4.5180=11 13520=-11 2,3230=12
S+4530-11 163001} 24796012
S 924011 1.786D-11 3.062D=-12

{DIVIODE BY 100 YO GEY THE EFFECT OF A I PERCENT CHANGE}.

FOR INSCATYER

GRP,
%

2

TQ GRPs
1

FOR ALL 2ZONES
G0

6.5784015~-02

2. 844339E-01

8241 YOHE-05

5.871281€~-03

LAY

Dot

Ne

3.247522E-D48

2.141525€~02

?+839161E-06

He FA6298E-0A

IN MACROSCOPIC CROSS SECYIONSS

1056238 \13E-08

22971 28808

}e4668656E-08

Gel

e

Dan

8 9 i 11
14817D0=10 A,.626D~-11 3.278D-11 1.253D-11
B+.65440D-10  4.,060D~1N 1.a5270=10 $.80%D=11
25398D=09 1.06680-09 I,9650-10 1.4%4D-10
4,898D-09  2.,2260-09 B.121D-10 347270-10
G,829D=N9 4,220D0-29 1.24610-09 5,264D-10
148890-N8 T+8430-09 2.407D=09 £,3010=-10
3.572D~08 1.287D-08 I.840D-09 142630-ng
5e7150~08 1.953D-178 S5.6160=-09 1.786D-N9
7e36203~08 2.5350=-98 7.144D-09 2.2240-29
B24680-08 2.8670-08 8.0280=-19 2.4%91D-09
fen Dol A
N eh D0 Cel
Ne0 D0 Va0
[ 9.0 Bal

o T 0 d.0

2 +5930855E=-05

Zel140315-97

245167526~-75

1e328€275E~-N5

BeAEBBIYIE-NS

S5e962352E-Ng

He8326P04F-CH

Sy-0%Yy



TOYALS

—£+3933250-01

~1.€9C778D~01

F+9999970-01

THE FOLLOWING ARE UNCERTAINTY ASECCIATED wWITH A 100 RERCE

SCATTER ING

BY ZONE
1

NG UL WwN

IN THE AB0vE TABLE TREATED

EY GROUP

TCYALS

(LR ST S

ABSORPT IONS

299854 70-21
4.523337D-02
1.573305D-02
Se83"1£5D-04
1 .4650R4D-C4
2.623831D0-1F¢
3.759057D-148
3.226688D-0¢

1.168170D-C1
207053889D-01
1.5721220~-C1
Fe56389ND-02
2.2128410~072

3.0030470-01

SCATYER ING

10743050-01

4.042814D0-03
1.2923€4D-02
GefE14560-04
1.7786380-04
3.25€576D-0%
S.2577910-04
F.40352210-08

9.6805200~-02
4.8270120-02
2.731450D-03
3+151070D0~03
el

i«082BA4D-N1

AS AN ENY(TY,.

FISSION SOURCE

Se1651130-01
1.2728020-03
1.153069D0-N2
4.090419D-04
10669330-24
1 +9240656D-0%
3.0187900-27
13509070-929

2.8056220-01
3.744307D-01
1.9807930-0:
99078260-92
2430430130-92

5:166505D-01

9.5101920-02

NT UNCERTAINTY

TRANSPORT

31.5706230-12
546856265013
14502711002
T+6596390-04
1.82€60500~-04
31.690868D-05
3.1577010-N03
2.340703D-"5

2.101172D=-02
3.225598D-02
7.7619400-03
1.7683660-03
3.4471320-05

3928525302

2.8669130-01

IN THE ODATA {UNCNORRFLATED).,

OVERALL

Q,5950270-91
1.7503125D-N2
5.5263500-02
2.463:168D-03
6.136691D-04
1.151193D-04
4.458983R0-113
3,604079D-05

5+1519%10-21
645034570 ~01
3.517848D-01
1999366001
6,520 591D-02

627958850191

PERTUREBATION INTERFACE FILE PERYUB HAS BFEEN WRITTEN ON NEW UNIT NUMBER 34

DOPC USE OF CONTAINER ARRAYS. CCATROL 21e MAX DATA

TOTAL CPU TIME (S 0.576 MINUTES AND TOTAL CLOCK TIME IS

SYART EXECUTYING REACTION RATE WMCDULFE

CASE YITLE - 2-0 17x{0 - S GROUP SEARCH PROBLEM
PRIMARY SEARCH = NUCLIDE{DIRECT) - SECUNDARY

RITE CONYAINER ARRAYS, CCANYROL 6 DATA 1
MAXIMUM ARRAY S{ZE USED FOR INITIAL PROCESSING IS 6849
STORAGE REQUIRED FOR RAASIC CATA 1S 570
STORAGE SUPPLIED iS 18000
MAXIMUM STORAGE REQUIRED S 2¢27
MINIMUM STORAGE REQUIRED IS 1270
HODZSZ = ¢ MOD2 = 0 mMccze = ¢

INTERFACE FILE RZFLUX

TIME = 0,0 POWER = 1.172%N0E 03
voL = 4,120N052¢ 06 EFFK = 1,0C9999E 00
EIVS = 0.0 DKDS = 0,0
TNL = 1.042425E 14 TNA = Se677212E 13
TNSL = 7.47042CF 12 TNEL = 2.0
TNBAL = 0.0 TACRA = C,0

a63s

64571 MINUTES

SEARCH = DIMENS{ON

BUY NFT

9y-0SY



REACTTON RATE AND PDOWER PRODUCT [ON BY 2ZONE
REACYICN RATES HAYE UNITS OF EVENTS/

1

ZONE CLASS

SEC

1

IDENTIFIER CLASS INVENTORY ABSARPT 10N F1SS [ON PRODUCTION CAPTURE(NsG) F 155, POWER CAPT, POwZR
UNIOUE ABSOLUTE {KGS) (HATTS) ERATTS)
t 0~16 c-16 0 3.063401F 02 1.748126E 11 0,0 5.0 1+748128E 1t 0.0
2 2 NA-23 MA-23 6 2.D03930E 02 1.,46B8139E 11 2,025560E 07 A4.051120F 07 14867937 11 na
3 3 CR-N CR-N S 1s639BA0F 02 4.700TI2E 11 049 Neh 4,70CTI2E 11 0N
4 4 ¥N-55 MN=55 € 2.521034E N1 2,977258E 11  7.420685E€ 07 1.4831376 08 2.976515E 11 N0
s 5 FE-N FE—N 5 64782012 02 1.6202028 (2 0,0 0.0 1+420202E 12 0.4
6 6 NI=N NI=N 5 1e305822FE 02 4.8613856 11 C.0 .0 4.851385E 11 0,0
7 7 MO-N MO-N 5 5.276133E 01 1.178826F 12 1,231851F 09 2.,463703E 09 1.177534E 12 9n.n
8 8 Ta-181 TA-181 7 1.010103F 01 3.579353C 11 3.178569F 08 6.339138E€ 08 3.,576178E 11 0.0
10 10 u=23s u-238 2 1.838305E 03 2.731009E (3 3,903846F 12 1.,087492E 13 2.349625E 13 1.234592€ 12
11 11 pU-239 PU=-2239 1 3.286941E 02 3.120116E 13 2.580349F 13 T.592482E 13 S5,3INTHBSE 12 B.A37E51F 02
12 12 Pu-240 Py-230 2 1,246909E 02 4,274848E 12 2.,034969E 12 6.218701E 12 2.2719878F 12 6.880196F 0}
PU-24§ PU-241 T TL152403F 00 $.059393E 11 7.798456F 11 243394728 12 1.26093T7E 11 2,5774867E Ot
PU-242 PU~282 3 1.8S8817E 00 4.924539E 19 2.3542208 10 7T.184SS4E 10 2.570370€ 10 7.712895F-11
SSFP SSEP 4  9.N000TIE N1 1.446068E 12 0.9 %6 1,486068E 12 0"
2 ZONE CLASS H
{DENTIFLER CLASS INVENTORY ABSORPTION FISSION PROQUCT I ON CAPTUREIN>G) FISS. POWER CAPT. POWFR
RRT. UNIQUE ABSOLUTE (%G5S} {waTTs) {WATTS)
1 1 0-18 o-18 6 2.5€4529E 02 1.%10738E 10 Q.0 240 1.410738E 10 0.9 0.0
2 2 Na-23 NA-23 & 1.677592E N2 3.153746E 10 1.634629E 06 I.259257F 06 3.1S4582E 19 0.0 "0
3 3 CR=-N CR-N S 14372542€ 92 1.1655356 11 0,0 2.0 14165535 11 QeNn Aot
4 4 MN-S55 MN-55 5  2,110884E 0! 9.115180€ 10 5.,988896E 06 1 197700E N7 J.114584€ 10 0,0 ran
5 5 FE=n FE-N 5 S.6FTSH1E 02 2.975261 11 0,0 Ne8 2.,975261E 11 0." Nen
5 6 NI-N NI ~n 5 14093170E 02 €.60%9a50E 10 0.0 2.9 6.609450E 174 DN a0
7 T OMO-N MC-N S 4.416920F 01 2.968233E 11 9,94105CE 07 1.988211E 08 2,967287E 11 D f.0
8 8 Ta-181 TA-181 T 84456093E 40 -8.214276E 10 2.SG187B8E 07 S5.123758F 07 B8,211713€ 14 0.0 e
9 9 u-235 u-23% 1 3,43B482F 00 1,18597NE 11 B8.946116E 10 2.190578E 11 2.913586E 11 2.81K327E N0 00
10 y-238 u-238 2 1.817440FE 03 £.519611F 2 3.,728684E 11 1.738438F 12 5,636T45F 12 1.179197€ D1 0,9
11 PU-239 PU=-239 1 3,909656F 01 B8.2044935 11 6.5369756 11 14839489E 12 1.757522E {1 2,130138E 01 0,0
12 PU-24¢ PU-240 2 1+321218E 00 9.338290 09 2,940383E 09 B.864186FE 09 65.397907E 09 9.652388E-72 0.9
13 PuU-2at PU-241 1 2.140813F-10 6.46049%5E 00 S.432174E D0 1.625456E 91 1.926321E O0F 1 .796089E-10 0,0
SSFP SSFP 4 5,511993E 00 2.76893106 10 0.0 2.0 2.768930E 10 H40 a.n
3 ZONE CLASS t
IOENTIFIER CLASS INVENTORY ABSORPT ON FISSI0N 2ROQUCTION CAPTURE(N,G) FISS. POWER CAPT. PONCR
UNIQUE ABSOLUTE (KGS) (WATYTS) (WATTS)
1 C-i6 0-16 € 1.785995E 02 2.,433N022E 18 0,0 n.0 2,433022E 19 0.0 G
2 NA-23 NA -2 3 6 1.168312E 02 4,796T59E 10 2.819150F 06 5.63836085 06 4.,706478E 10 0.0 [
3 CR-N CR-N S 9.558687E 01 1.721010E 11 0.0 bI%] 127217106 11 00 04N
4 MN-S5 MN=-55 S 1.,869789E 01 1.340247E 11  1.0328B01E 07 2.065602E 27 1.340184E 11t 0,9 Gan
5 FE-N FE-N 5 3,953982E 02 4.43402&% 31 .0 Ben 4:.438024E 11 N0 e,0
& NiI-N NI=N & T.H13077E 01 1.038643€ ¢ Aty L0 1.938643E ¢4 Ba0 NeT
T MO-N MO —N § 3.076045E 91 4.382852F 11 1,71338756 08 3,428951E 08 4,38114SE 11 A0 (U]
8 TA-181 TA-181 7 5.889006E 00 1.2200455 11 4.418326E 07 B,838653E 07 1,219608E 11 N.0 Nen
9 U-235 u~z35 1 3,088970E OC 1.782612€ 11 1.3488885 11  3,305013E 11  &,3XTBIGE {1 4,286308F 00 0.0
u-233 U-23e 2 1,265706E 03 9.0935145 12 &.427779€ i1 1,790225E 12 A.a50739F 12 2.032785E 01 A0
PY-239 PU~239 1 27227725 01 1.256629E 12 O9,957B1TE 11 2.896861€ 12 2,508882E 11 3.284B53F 01 040
PuU-24¢ PU-24C 2 9.201263E-01 1,228054E 17 A4.755751FE 099 1.43I6BTEE 17 9.528B06E N9  §.5611T1E=N] N8
PU=-241 PyU-241 1 1.4909NGE-10 F.T24388E 00 BL197697E N0 2.455251E 01  1:526691E 04  2.7094195-10 4,0
SSFP S5FP 4 4.535096F 00 4,127208E 10 0.0 ] 4,127208E 10 0.0 N0
4 ZONE CLASS H
POENTIFIER CLASS  INVENTORY ABSORPTION FE3S10N PRODUCT (ON CAPYUREINGG) F I35, POWER CAPT. POWTR
UNIGUE ABSCLUTE (KGS) (WATYS) (WATTS)
a-16 O~186 0 144951a7F D2 341275725 26 0.0 2.2 3,127572E 09 0,0 Nen
NA=23 NA~-23 6 9,7BASITE 41 1.061386aE 17 3.623927E 05  T.2aTB58S N5  1,013828F 19 0.0 t.n
CR=N CR-N 5  BsDOZ2066E 01 3,869637% 10 0.0 9.0 3.869537E {9 0. P

LH-0%Y



] 6
7 7
3 3
ZONE
PCSe POS.
RRT. SiGs
H 1
2 2
3 3
& 4
5 5
& [
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 i5

PCSe PNSa

RRT. SIG.
i H
2 2
3 3
4 4
5 5
€ 6
7 7
8 8
9 9

10 10
11 i3
12 12
13 13
14 ia
5 15

ZUNE QL ASS

NI-N Ni{~N S Se.155432F 02 143742725 10 Ce0
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TA-1381 TA-181 7T 1.942050F-10 1295576E-01 1ol 24S52F-05S

REACTION RATE AND POWER PROCUCTION BY ZONE CLASS
REACTICN RATES HAVE UNITS OF EVENYS/SEC

CLASS 1

I0ENTIFIER CLASS INVENTORY AdSORPT ION F15S {ON
UNIQUE  ABSDLUTF (KGS)
0~186 0-16 c 142680212 03 24186056CE 11 Ot
NA-23 NA-23 <] 1.0660055 03 2.%57479E 11 2.559518E 07
CR=N CR-N S 2.136170E 03 14135099 12 0.0
MN-55 MN—-55 5 3.284T7T17F 02 8,682019€ 11 9 e994576E 07
FE=N FE-N 5 B.836340E 73 2.995386E 12 0.0
NI-N NT-N 5 147013876 03 B.111117F 11 0.0
MO-N MO-N 5 6.874412F 02 2.885502L 12 14659123 09
TA-181 TaA-181 7 4,148103F 01 6.152023€ 11 3.9698465 08
u~-235 U-23% 1 1.8865981E 01 3.790022E 11 2+788872E 11
u~-238 U-238 2 B.582T11E€E 03 &4,674025E 13 5.061293F 12
PU~239 PU-239 1 4.7377T86F 02 3.378498E 13 2,7926A2F 13
Py~-240 PU-240 2 1.295939F 22 4,303937E 12 ?.044063€ 12
PU-241 PU-241 1 TL.1S2403E 0 9.1759393° 11 T+793456F 11
Py-242 PU-242 3 1.854817E N0 4,924589E 19 2.,354220€ 10
SS5FP SSFP 4 1.1416635 02 1.5327138 12 0,0

el
14818067F N7
2.2691N3E-09

PRODUCY 10N

Ne0
51190435 07
e
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De?
Nen
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2+349472E 32
T+184554F 17
e

TOTAL REACTION RATE AND POWER PRODUCTION 8Y UNIQUE ¥SOTOP:E FOR WHOLE

REACTICN KRATES HAVE UNITS DF SYENTS/SEC

IOENTIFIER CLASS INVENYDRY ABSORPTION FISSION

UNIQUE AGJSOLUTE (KGS}

a-i6 0o-~16 0 2,516042F 03 4,372120F i1 Qa0

NA-23 NA=-213 & 241 32009E 93 S.118958€ 11 5.115937E 07
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PyU-242 PU-242 3 3.709635E 00 9.,8493176E 10 4,708440F 10
SSFP SSFP A  2.283326f£ 02 J.065426E 12 0.0

TOTALS 1.935440E 14 7.,223244F 13

2-C 17X10 - S GROUP SEARCH PROBLEM

PRIMARY SEARCH = NUCL IDE(DIRECT) — SECONDARY SEARCH = DIMENSION
FLUX WF IGHTED

SUMMARY TABLE OF ~EUTRON LOSSES

NCRWALY ZED wiTH 2,084852€ 14 K~EFFECTIVE (3

FISSILE FERTILE Os ACTINIDE FISSION PROD STRUCTURAL
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SUMMARY TABLE OF CTHER {NFORMATION

AHSORPTION FISSILE CONYERSION FISSION TATAL
ZOME CLASS LCESES INVENTORY RAT IO POWER PONER
iDs (KGSY IWATTS) {WAYTS)

1 D.92822239 P«9ATHLIE 02 1.23325 2.3A5000E 03 24345000 N3

SUM 044283339 Y9+54TBLIE 02 1423328 243430008 03 Z2+345007%E N3

QYHER LDSSES GeCTi16€€1
TOYAL LODSSES 1,0000000

A BEYYER ESTIMATE OF THE FUEL CONVERSION RAYIC FOR A CRITICAL SYSTEM 1S le25298
{BUT NOT MADE CRITICAL BY CHANGING CONTROL ABSORPTIONS 0O/ LEAKAGE )

FISSILE CONSUMPTIUON/UNIT ENERCY GENERATION IS
FISSILE CCNSUMPYICN RATE IS

1,176730€E=14 KGS/®ATT-SEC
2,759550E~11 KGS/SEC

PRIMITIVE DOUBL ING TIME (YEARS) QOF THE ABOVE FISSILE INVENTORY {ONE PLAKNT) ISesskexzaies

NOTE - COMVERSION RATIO = (CAPTURE M FERTILE}/(ABSORPTION IN FISSILE)

ENERGY FRODUCING UNIQUE ISQOTOPES «- EQUIVALENT FUEL
BASED ON FISSIDN POWER

IDENTIFIER DESTRUCYT {OM wEIGHT WEIGHTED UNWEIGHTED
POSe UNIQUE ABSOLUTE ANCUNT RATE {ENERGY ) ABSCIPTION CAPTURE
{KGS) {KGS/SEC) (ATOM/SEC) {ATOM/5EC)
1 0=16 Q=15 2.516042E Q2 1.151521E-14 Q.0 Tty 4,372120F 11}
2 NA-23 NA-23 21320098 03 1.935227E~-18 Ce0 T ef 541144468 11
3 CR-N CR-N 4272340 03 1,56052%E~13 0,0 Gen 24277198E 12
4 MN-55 MN-55 E-SHT4IGE 02 1.57TN3SAE-1I U..D D60 1e735204E 12
5 FE«N FE-N 1767268 08 S5.55%5081E-13 0.0 Nst2 54992773 12
5 NI-N Hi-N 2,4027784E 03 1:581274E~13 0.0 0.9 16322238 {2
T MOeN wO-N 143788828 03 9,109571E-13 0.0 0.0 S5e7ETHHBIE 12
8 TA-181 Ta-181 B4296207E U1 3.5664989E-13 Q.0 0« 10229611E 12
9 U=-233 U=235 2.2919862€E 921 2:863246E-13 B.9S90B9E-Q] 6H,629734E it 12822699 11
10 uU-238 y=-233 1.7186€042E 24 3,60683B2E-11} 1.296149F-01 14193500 13 8.195798F 13
11 PU-239 PyU-239 G4 TSETIE D2 2.6590225-13 1+ CODOO0QE 06  BL,736997F 13 1-171720E 13
12 Pu-240 PU-2490 2«B8I1BYSE N2  IA401585E6-12 S.TH3941E-01 A.961586E 12 AH,519943F 12
13 PU-241 Py-241 1430481 0F Fs1B8B966TE-13 14087513€ OO .897988E (27 2.521874F 11}
14 PU-282 PU=242 3796325 N0 3.927ILLE-18  5,T7384BAE-01 5.851934E 10 5.140781E 10
15 SSFP SSFP 2e283326E 082 8.1334803E-13 Q.0 Ha0 3.N654268 12
TOTAL 442232760 DD ALT7TORA02D 3

WEIGHTED EGUIVALENT FUEL CONSUMPTIGN/UNIT ENERGY GENERATION
CCRRESPONDING CONSUMPYIGN RATE

END OF REACTION RATE MOOULE - MAX ARRAY SIZE USED 1S

13 1+260983E-14 KGS/WATT-SEC (BASED ON PU-239

1s 3.8260050~11 KGS/SEC

2927 HOROS

}
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MATHEMATICAL FORMULATIONS

Presented in this part of the documentation of the VENTURE code
block are the mathematical equations programmed along with background
material and certain displays to convey the nature of some of the
formulations. Relatively simple approximations have generally been
used; these tend to become more sophisticated with development and as
experience in application grows. As with any of the more active programs,
modifications continue to be made to extend the capability. The
originators plan to upgrade the coverage of the programmed equations as
appropriate; others who introduce changes are urged to do the same to
keep the users fully informed about the version of the code in local use,

and to notify us of the changes they have found to be desirable.

END OF SECTION
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Section 701: The Discrete~Energy Group Diffusion Equation

Presented here is the basic equation which accounts for the various
reactions of neutrons with material in a macroscopic sense, scattering
and the diffusion approximation to neutron transport. Quite generally,
an accounting of the neutrons in a system at one location and at one

energy may be done in the form

%-Eg-= Sources — Losses - Net Transport Loss , (701-1)
where v is the neutron velocity, and %§~is the time rate of change of

the neutron density. We are not concerned here with the dynamic problem,
but rather with a steady-state condition or static approximation to the
neutron density. For a steady-state condition, it is necessary that the
rate at which neutrons are added is equal to the rate at which they are
removed, locally, and therefore over the whole system treated. At any
location there may be generation of neutrons through the fission process
and other sources not related to neutron reactions, inscattering to any
energy from other energies, removal by absorption or outscattering, and
transport in and transport out.

The neutron density in an operating reactor is at steady state on the
average due to natural reactivity compensation and control. In a large
fraction of the neutronics problems solved, it is the intent to
approximate this condition. Any problem describing a geometry, nuclide
concentrations and cross sections, may represent a situation far from a
steady state. The neutron population would actually rise or fall, and a

steady-state solution only approximates the neutron distribution.
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To effect this steady-state condition, the multiplication factor is
introduced. The rate at which source neutrons are generated from fission
is divided by the multiplication factor causing the loss rate to equal
this adjusted source rate, a pseudo steady-state condition. The

multiplication factor is defined as

K = neutron generation rate ) (701-2)
e neutron loss rate

A critical condition is one at steady state for which ke is unity. The
pseudo steady-state equation with the diffusion approximation to transport
for the neutron flux at geometric location r and energy E using usual

macroscopic nuclear properties 1s expressed as

2

—V Dr,E v ¢r,E * (Za,r,E * Zs,r,E * Dr,E Blﬁ) ¢r,E
1 ,
- g, [ Zr,E'+E " K;Xr,E (vz)f,r,E'] ¢r,E'dL' ) (701-3)

The continuous energy spectrum is divided into discrete energy groups,

and usually a simplification is made in the transport term,

- 2 3 2
Prg V¥ br,g " [La,r,g * g Bs,rem T Pr,e Ple } Yr,g
_ 1 ,
- rzl {Zs,r,mg +1"<;Xr,g (\;L)f,mg b n - (701-4)
Where

2 82 32

V2 = the Laplacian geometric operator, + e g e in
) 8)(2 ayz 322
slab geometry, cm 2,
¢r ¢ = the neutron flux at location r and in energy group g,

2
n/sec-cm”,
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)3 = the macroscopic cross section for absorption, normally
weighted over a representative flux energy spectrum,
-1
cm )

the macroscopic cross section for scattering of neutrons

S,r,g¥m =
from energy group g to energy group n? (a set of these
makes up a scattering kernel), cm*l,

Dr,g = the diffusion coefficient, normally one-third of the
reciprocal of the transport cross section,b cm,
ng = the buckling term to account for the effect of the

Laplacian operator (leakage) in one or more orthogonal
coordinates not treated explicitly, em™2,

vzf,r,g = the macroscopic production cross section (v is the

o number of neutrons produced by a fission and Zf is the
. ce s -1
cross section for fission), cm °,

X, g = the distribution function for source neutrons (normally
>

Z X, g = 1.0, but provision is made for it not),

g

k = the effective multiplication factor, the ratio of the
rate of production of neutrons to the rate of loss of
neutrons from all causes, an unknown to be determined.

Equation (701-4) is called the usual neutron flux eigenvalue problem in
this report. There is no provision in the above expression for fixed,

external sources. The level of the neutron flux is not defined by the

equation above. It can be whatever the investigator wants; however,

there is no account made of temperature effects associated with changes

%The in-group term g>g is excluded from the calculation.

bCoordinate—direction dependence is permitted without effect on the
value of D used for the buckling loss.
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in the power density on the nuclear properties, so the equation is
appropriate to the extent that the macroscopic properties are
representative.

The multiplication factor is an extremely useful measure of the
degree a calculated system deviates from critical. The more positive
the value of (ke — 1), the faster the flux level would increase; the
more negative, the faster it would decrease. The effectiveness of
control rods is directly measured by the decrease 1in ke assoclated with
rod insertion.

The difficulty associated with determining critical conditions and
associated high cost of computation to support analysis effort have
directly caused extensive application of this usual flux eigenvalue
formulation in analysis of reactors. It is important to recognize,
however, that the conditions estimated for a system which is not critical

only approximate the real situation of reactor operation.

A Simple P; Treatment

A first order correction to diffusion theory is possible by appli-
cation of the consistent P)1 equations. These are examined here for the

usual eigenvalue problem in the form

1t

- . 1 . o .
Ve o+ 29 Eq<fv2f¢db v fug edi!

(701-5)

% 1 -
Vb + 320 = [I JdE'

where the equations are for a point in space and energy, the integrals run
over the energy range of interest, J is the current, ¢ is the scalar
flux, Zé) is the inscattering cross section, and Z; is its first

moment.
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The diffusion theory approximation of the neutron current gives
J=-~DVg; (701-6)
~VDV9+ .6 = %va2f¢dE' + [5 %', (701-7)

In one-dimension, J has only one direction component but the integral

over direction is required in general. For the one-dimensional case,

D = 1 , (701-8)

1 1
3 {zt = [ 2 JdE'}

Where changes in macroscopic properties have been ignored. A common

approximation is

1
s{za + 1 - ﬁg)zso}

In a simple P; form, the equations may be cast as

D v

L S 1 P Lozl ' .
5 V9 + o= pxJVEdE' 50 ¢dE 35 i  v-JdE" (701-9)

and the V-J term is given by
7.7 = L -y O4dE! — -
v-J kva2f¢dﬂ + fzs $dE L9 - (701-10)

In multigroup form the P; equations chosen for implementation, with

in-group corrections, are
—D(n,r) V% (n,r) + L.(n,1) ¢(n,r) = S(n,1)

—D(n,r) ) £} (@n) V-J(m) (701-11)
m#n
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where

S(,r) = X, PV @, ) + [ 20 wn,r)e )
m m

m#n
V'J(n)r) = S(n’r) - Zr(n,r)q)(n:r) 3

D(n,r) = 1 . » and

1 .1 X
3 [ Xt(n,r) m-g-zs (m fn,r)}

z.m,r) = 5 @) ~ 2 m > n,x)

where the argument r refers to space and n and m to energy.

We note that if the finite-difference equations are summed, the
P; scattering term does not cancel out, so an overall neutron balance
does not result. This may restrict practical application. The apparent
advantage of the scheme is that the diffusion coefficient to be used
is obtained directly at each energy without requiring some weighting on
what happens at other energies.

If one examines the spherical harmonics equations for P; truncation,
there is one more first-order equation than coordinates treated; for
example, four equations treat three space coordinates. As implemented,
a simple equation for the net current is used along with a second order
equation for the flux. There is a piece of information lost, even if
only one coordinate is treated. That is, the in-group correction is the
same regardless of the direction of the net current at another energy.
In fact, anisotropic scattering at one energy has a direct effect on the
angular flux at the energy scattered into. This effect can only be
accounted for by applying a better formulation. The. utility of the

programmed equations remains to be demenstrated.
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A remark is in order about the representation of boundary
conditions. The simple P; approximation is programmed to use only the
usual diffusion theory boundary conditions. Reflected, periodic and
rotational symmetry conditions require no special attention: the
approximations are consistent with the formulation for internal points.
The extrapolated or nonreturn boundary condition may require special
attention. The leakage of neutrons in this approximation is not simply
related to the scalar flux derivative. As is usual in the application
of diffusion theory, the representation of conditions near a control rod
should be tested against a higher-order transport approximation; a best
value for the extrapolation distance must be established by test, and
this test should be with the P; formulation implemented, not regular

P diffusion theory. As is usual with the application of diffusion
theory, external boundaries should be located sufficiently remote from
the core proper that the actual leakage which will be calculated will
not have much effect on the flux distribution in the core. The estimate
of surface leakage is probably not especially improved by the programmed
equations; rather, careful attention to what will result from the
formulation may be necessary.

We look forward to learning about the results of experience with
application given sufficient detailed information to permit thorough
assessment. Meanwhile, a superior treatment is sought to bridge the gap
between diffusion theory and a more explicit representation of transport

theory which can be applied at a reasonable cost of computation.

- END OF SECTION
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Section 702: Finite Difference Representation of the
Laplacian Operator

The Laplacian operator is to be represented in a finite-difference
form. First, the finite-difference mesh will be examined. The equations
will be developed for the three-dimensional slab; for fewer dimensicns,
the extent in the untreated orthogonal directions is considered to be
infinite and contributions from these simply drop out of the equations.

Consider a traverse in space direction r. A region is traversed
between r; and rj boundaries or material interfaces. Input data
specifies the number of mesh points to be located between r; and r, and
the spacing A = v;— 713 across the region.

Figure 702-1 presents a three-dimensional sketch showing the flux
location at mesh point (i,j,m) and the surrounding six flux locations,
nearest neighbors. The finite-difference volume about mesh point
(i,j,m) is (x; M'Xi~1)(yj -yj~1)(zm ~»zm~1) where these are locations
of the surfaces of the finite-difference element.

Neutron leakage from (i,j,m) to (i,j,m-1), L(Zm~1)’ through the
front face of area (xi -xi_1)(yj —'yj~1) is approximated as follows.
Let A; equal the unknown flux at the interface. Leakage out is given
by approximating the flux slope at the surface by the average within

the element (between the central point and the surface),

L(z

m-17 Di,j,m[¢i,j,m M_All [Zm -zm_1J ?
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ORH L= W =000

b, .
* 1;J+l,m

¢, ) yj N b, .
i-1,3,m / i+1,3,m

Z
m

" Fin?te-difference elemant
, having uniform nuclear
m-1 properties
iy-j)m'l Xi
i,j-1,m
fa
ce Zm-l

Fig. 702-1. The Seven-Point Finite Difference Mesh.



L(zm_l) = C

702-3
where Di j,m is the diffusion constant at (i,j,m). Similarly for inward

leakage from the adjacent finite element,

(Yj - yj'l) (Xi - X,

) =D [ — A, ] i)
m-1 i,j,m-1 i, j,m-1 1 [Zm—l -zm_2)

2

Eliminating A; from the equations gives

m T -l s “m-1 " *m-2

i)j,m Dj—:j,m"l

[¢

L(z, ) = (702-1)

i,i,m “‘¢i,j,m-ﬂ

Since the term which multiplies the flux difference is simply some

constant, Eq. 702~1 reduces to the form

. (702-2)

Ll

i,j,m,m- ij,m - ¢)1,J ,m“‘l]

It may be noted that within a region having uniform nuclear properties
and uniform mesh spacing,
_ Oy Yy 0 X ) Dy 5w

C. . = , internal, slab geometry.
1,3,m,m-1 (zy) "'Zm~l) ’ ° ¢

Provision is incorporated for the diffusion constant D to depend on
coordinate direction; value of D simply depends on the particular
coordinate treated and the assigned transport cross section.

The leakage from the whole element is given by
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L(Zm) * L(Zm-l) * L(Xl) + L(Xl-—l) + L()’J) + L(}’J_l)

= ¢ (c + C + C + C

i3 - . - > - - - . - . -
1,],m i,j,m,m+]1 i,j,m,m-1 i,j,m,1+1 i,j,m,1i-1

* Ci,j,m,j+1 ¥ Ci,j,m,j—l] _"Ci,j,m,m+1 q>i,j,m+1 ﬁALi,j,m,m—l ¢i,j,m-l

Ci 5omi+t Yae15,m ~ % ,5,mi-1 ®i-1,5,m

— - 2-
Cim g+ ®aLiet,m T YL m, -0 P91, (702-3)

For a zero gradient boundary condition, the associated Ci im,m-1
2 > 3
constant is set to zero.
For an extrapolated boundary condition, external or internal black

boundary, the flux slope within the finite-difference element is extended.

The boundary condition to be satisfied at the element surface is

_b % - ¢

o x| s G (702-4)

where CS 1s a specified constant.®
Let ¢i be the internal flux, ¢S be the boundary flux, and A be the
distance to the boundary from the internal point.

A linear approximation of the flux within the element gives

?A default value of 0.4692 is used for C_. Suitable group-dependent
values which will reproduce the leakage condition must come from
appropriate neutron transport calculations for a specific situation.

z

An approximation which may be useful is CS ~ 0.4692/(1 —u o+ fi) .

There is also a correction for a curved surface; multiply CS b?
something like (R+.5}/(R+1.) for a black sphere to reduce it as R
decreases.
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or

D

. D
R
¢s

_ i

S :
9x |s A¢S

(6; =) = Cg -

Representing the normal area by An’ the boundary leakage from one

face of an element volume is given by

Ad.
= 01 , (702-5)

- o
L, = —D. A b [1 X
4+ —

s,n i “n 3x

CS D,

which gives the required constant for Eq. (702-3). Of course, the
external leakage is considered lost from the system, but leakage into an
internal black absorber is accounted for as an absorption in the region.

An alternative formulation for the extrapolated boundary condition
is possible. Consider Eq. (702-4). Direct integration yields

—CSX/D
¢ < e s (702-6)

and the leakage constant is given by

S
s,n = AC bie (702-7)

This assumes an exponential shape of the flux between the internal point
and the surface, rather than linear. We have tested this formulation
but elected to use Eq.(702-5)because of wide practice in interpreting
higher order transport theory results.

The repeating boundary condition causes flux values at opposite ends
of a row to be coupled so that the row is a closed loop. For 90° rota-
tional symmetry, coupling is from the right-hand edge column to the

bottom edge row. Similarly, 120° rotational symmetry is treated for the
: y yn y
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triangular mesh problem. In all such problems, the appropriate physical
boundaries abut and the adjacent point flux values couple as across any
internal interface. For 180° rotational symmetry, the right-hand edge
column couples with itself inverted.

For curvilinear geometries, the surface areas of the finite-difference
element faces must be used which lead to somewhat more involved equations
than above. The finite-difference element is illustrated in Fig. 702-2.

For the special treatment of hexagonal and triagonal finite-difference
elements, leakages across the individual volume element faces are
formulated in the same manner as for slab geometry. The three-dimensional
problem in hexagonal geometry involves eight nearest neighbors, six on
the plane of the hexagons. In triangular geometry there are five
nearest nelghbors, three on the plane of the triangle. The hexagonal
formulation is a high-order approximation to the situation (which may
allow a relatively coarse mesh). The triangular formulation is of
low-order and somewhat less reliable, especially since the next ring of
points beyond the nearest neighbors are relativelv close but not
considered.

The mesh-point layout for the various geometries treated is
indicated in the compact display in Table 702-1.

The special boundary conditions considered are shown in Fig. 702-3.
These are for two-dimensional problems or on planes of three-dimensional
problems. Note that the coordinate axes in triangular geometry are at
either 120° or 60°. Fig. 702-4 shows the oyientations for triangular

geometry in detail, and Fig. 702-5 the layout for hexagonal geometry.
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f1 (92"‘81)(1_72 - 21)
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&
,‘\\\\\\:ﬁ//
f2(92-91)(22~ 21)

NOTE: 8 IS IN RADIANS ; WHEN THE CIRCLE
{S CLOSED, 8 SPANS 27 RADIANS

Figure 702-2., Cylindrical Finite-Difference Element




Table 702-1. Layout of Mesh Points?®

System Siab Cylinder Cylinder Sphere Hexagonalb Triagonalc
Referance X S) R R X X o
Y 7 R 7 Z Y 7 Y 7
Geometry X-Y-Z 0-R-Z R-Z R H-Z T-Z
Specified region A A Ar Ar A AX
dimensions X t X
= = A
Ay A@ AZ Ay AX Ay x
A
z z AZ AZ
Specified internal J, o.M J .1 M J LI J J ,I ,M J ,1 ,M
. xX’y’z Tr’7z?0 v’z T x’y’z xX’Txz
mesh points
A A =
. z 0,2 2 2.2 4m .3 3 v3 Y3
Volume of region AXAyAZ 5 {ri—-r71) WAZ(rz 1) 3 (r5>—ri) AXAyAZ > AXAyAZ >

8-70L

“Volume about each mesh point = volume of region + number of internal points; mesh point
locations are at finite-difference centroids.

bOn a plane the Y coordinate is rotated 60° from the X coordinate.

Son a plane, the Y coordinate is rotated 120° from the X coordinate in one option, 60° in
another option, or 30°, or 90° as special cases {shown in Figure 702-4).
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Special boundary conditions are keyed to the right~

hand or third side indexed clockwise beginning with

the left side. The coordinate axis intersect at the
upper left hand corner in all cases.

REPEATING OR PERTIODIC BOUNDARY

AN

dunmy boundary

— = 21
I
|

° e _

SLAB CYLINDER

§Q° AND 180° ROTATTONAL SYMMETRY

—_— of|x
x|{lo
| l
...... o I |
————— ——— X LF)
I x -
! |
120° AND 60° ROTATIONAL SYMMETRY
)lqr.x Si 2 X
O o'\i'
y /k y \ /
7 \\ /
/4 \ /
X 4 X \'
______ 4 e
o) \ o 7
\ /
\
\ /
/
Triangular, 120° Zoordinates Triangular, 60° Coordinates

Fig. 702-3. Special Boundary Conditions.
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i a‘%_._d
%

“_‘_____._—.__

ﬂlﬂli'

unm
llllll-

\y
- . a o
30° TRIANGULAR GEOMETRY 50° TRIANGULAR GEOMETRY
(REPEATING BOUNDARY COND:iTION CN (THE ACTUAL POSITION OF THE
OPPOSITE FACES NOT ALLOWED) HEXAGGNAL ASSEMBLIES MAY BE CHANGED—

SHOWN IS ONE POSSIBILITY)

90° TRIANGULAR GEOMETRY 2 120° TRIANGULAR GEOMETRY

R = ROTATIONAL SYMMETRY ABOUT THIS POINT ALLOWED

®Neither 30° nor 90° has been implemented; a superior formulation to mesh-centered
difference is being implemented in another code.

Fig. 702-4. Orientation for Triangular Geometry

01-20L
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ORNL-DWG 69-5587A

LEAKAGE
SURFACE

Figure 702-5. The Layout of Hexagonal Geometry.
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Accuracy

It is well-known that the finite-difference approximation to the
Laplacian operator is accurate to the order of the mesh spacing squared.
We recognize that the accuracy of the mesh points centered approximation is
slightly lower than that obtained with mesh points located on material
interfaces. Of course they are identical within a homogenecus medium
with uniform spacing. With mesh-centered points, reaction rates are
properly located (rather than smearing abutting materials within the
finite-difference volume element), a gain with this approximation; this
makes such approximations as that of simple P; more realistic.

Still the analyst wants to know how accurate are integral quantities
(k) as well as estimates of local properties (power density). We believe
that experience is the best guide here. [t is possible to increase the
number of mesh points and solve the new fine-mesh problem, which normally
improves the estimate of both integral and local quantities, but not
necessarily. Care must be taken in allocation of mesh points and in
selecting an energy group structure to get the best results. Generally
it is desirable to increase the number of points in each direction (not
just in one), and within cach zone of uniform composition. About the
same mean free neutron path length between adjacent points is desirable
in all directions; therefore increasing of the number of mesh points
should be done with this objective — decreasing large steps in the
spacing.

Regarding local properties, it is a fallacy to believe that use ofa
very small finite-difference volume at one locationwill cause the estimate of
local properties to have a high accuracy. We recommend against use of large
changes in mesh spacing. Further, the interpretation of local quantities
should be of mesh-average properties rather than local at the actual

mesh point site.
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Finite-Difference Approximation Error

The solution obtained by application of a finite-difference
formulation is not precise; an error is associated with the approxima-
tion. This error may be larger than a casual user may anticipate. It
is more serious regarding certain specific results than others, and has a
dependence on the actual problem not readily predicted.

Some information is available from simple problems for which
explicit solutions are available. Consider the one-group bare
homogeneous cube in three dimensions, half-length L. The precise and
finite-difference solutions for the flux are separable in space, the
precise solution being ¢ (x,y,z) « cos (mx/2L) cos (my/2L) cos (mz/2L) with
reflection at the start of each coordinate and zero flux at the extreme.

coven Normalizing the flux such that its volume integral is unity,

P(x,y,z) = (gils cos [g%ﬁ cos (g%} cos (g%&.

The leakage rate at one surface is, typically,

m

J
- fy fz ¢(>§;()’,Z) dy dz = D(_z__ﬁ}z R

x=L
and

VIR
P S

2
m
Za + 3D {Z_L-J

[¢]

containing the familiar buckling term, Be = 3 (m/2L)%.
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The result for a finite-difference formulation depends on the

location of the mesh points. Generally,

N
n 2

%+ DB

n
and
- f %%— ds

B2 >
n

i S J T ¢ dx dy dz

where the numerator is a surface integral of the normal derivative. For

the situation here, assume the same representation along each coordinate,

3%

29X x=1L

S ¢ dx

B? =
n

Consider mesh-centered points. Given N internal points along each
coordinate space L/N, the end points located L/2N from boundaries, the

solution is
$(n,j,i) = A cos | % (2n — 1) | cos |T— (2j— 1)| cos | o= (21 — 1)
P T, | 4N |4N AN ‘

The surface leakage at x = L is estimated by assuming zero flux at x = L,
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2 = B sevan

S

A[g%] cos [;’}N— (2N — 1) ] cos [%— (2§ — 1)] cos BLW (2 _1)]

o [ o (i) - oo [ o 5] |

cos g @3 = 1] cos Iy i - D]

- T
= A [%%J sin [gﬁ} cos [%N—(Zj -1)] cos lgﬁ-(Zi -1 ]

1

H

X

The integrated flux is obtained as the sum

[oax=nT om0 5]

n

N
ng cos E%ﬁ (2n — 1)]

ol

sin T
4N

A[%J cos [}N-(Zj -1)} cos [gﬁ-(Zi —wl)] .

i

A[I%—J cos [ZN’ 25 — 1)} cos | I= (21 — 1)J

il

2

A[L }cos[}ﬁ (2 — 1)] cos [—}{—ﬁ (2i — 1)]
2N

N, i
sin[4NJ

oo
i

==}
i

o |3 sl |

Note that for large N, sin (m/4N) -+ m/4N, Bi + 3 (m/2L)?, the precise

result.
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The more general solution for a different number of mesh points

along each coordinate follows directly,

B2 = gﬁ—sin o : + (gg-sin~zw \ + zl-sin T ’
N,J, 1 - T [4NJ iL [4J];‘ L~ (41}

Comparing the finite-difference solution to the precise one, the
expressions for the flux are identical except for normalization. This
aspect limits the generality of this assessment.

The error associated with any point flux value is given by comparing
normalized results. Normalizing to the same loss rate, absorption plus

leakage, yields

I [Za + DBZ] ¢(x,y,z) dx dy dz

ik
.~

, L3 .
1[23 + DBN,J,I il[NJI:! ¢(n,j,1) ,

n,j,

and the right-hand side is easily obtained by the product of averages

along each coordinate. This leads to the relative error

¢(n,j,i) — ¢(x,y,z) _ (43 N TP T o L R |
YCR) = [ﬂ] NJI 51n[4NJ sin [4JJ sin [41]
D 2 ]
1+ Za Be
X -1
D 2
L+ =By
a




702-17

Thus the error in a point flux value depends on the problem, and it
depends on the mesh, each coordinate making an independent contribution.
Except for a small number of points, the error decreases as the sum of
the reciprocals of the squares of the numbers of mesh points along each
coordinate. Doubling the number of points along each of the coordinates
would be expected to reduce the error by a factor of 4.

Consider the error in an integral quantity, namely the multiplication
factor. Since

\)Zf

k = s

N,J,1 2
Za + DBN I,

the error is given by

=B —B

kN,J,I'* ke i Z e N,J,I
= 5 -

ke 1 Z BN J,I

# [ - (6 - ]

& -2 B B )

a similar dependence to that obtained above for the flux error.

—
+
™~ o

The Leakage Operator Error

Consider the finite-difference approximation to the leakage
operator. If the flux and derivatives were knmown at a point, the flux at a
neighboring point is given by a Taylor expansion as
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2 42 3 43 TN
s(h) = 60y + A 20| 4 A% 8% 8% +_A_Mi o
2 3 L
ox 0 2 93x 0 6 9x 0 24 3x 0
3 Az y2 A3 3® A% 3t
o) = 4(0) —a B I LB R A e ,
ax 0 2 9% 0 6 9x 0 24 3% 0

where A is the mesh spacing. Summing these gives the central difference

approximation for the Laplace operator,

320 $(8) + $(=b) - 26(0) 42 3k

3x2 A2 12 ax*

0

Thus the error from dropping the higher terms is to the order of the mesh
spacing squared, so the error is expected to vary inversely as the square
of the number of mesh points. This difference error is strictly true
only for mesh-edge point location, and only with adequate points to make
the higher order terms insignificance; however, a siwmilar dependence is
found from application experience given enough mesh-centered points.
Another approach to error estimation is the formulation of the
neutron balance for a discrete element. The use of %-{¢i - ¢i—1} for the

surface leakage is accurate to the order of the mesh spacing and the

relative error in the balance proportional to the mesh spacing squared.

Consider that a calculation produced a result V; with a mesh of N,
Jy, and I, points. A second result is obtained with N, J,, and I,

points. We expect that

Vl —*Vm a1 . leZ —-a2V1

(e

) oo @ oy Qo
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1,1

I

+
2 2
n n |
applicable to one, two or three dimensions (drop terms not applicable).
These results show that the errors in the point flux values and in
the multiplication factor are inversely proportional to the square of
the number of mesh points along each coordinate. Given two solutions,

VN) — V(o) _[M])*
VM) — V(=) | NJ °

=

V(N) [JZV(M)
V(®) = N ,

(0

where V(N) is the result with N mesh points, V(=) is the extrapolation

to approximate the result for a continuum. Note that N and M are the
number of points along one coordinate, not the total points. The
equations apply to one, two, or three dimensional problems.

Changes made locally or to less than all coordinates treated should
not be expected to produce reliable extrapolation and error assessment,
nor is error assessment of a coarse mesh result reliable. The
reliability of such extrapolation in application to the general multi-
group, complicated geometry problem is unknown. Extrapolation of
integral quantities should be more reliabie than of peint properties;
the points may be at different locations and an extreme (such as the
maximum power density) may move from one location to another. For
reliable assessment, it is recommended that a uniform increase im mesh

points be made along all coordinate directions in each zone.
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An illustration of application is given here. Explicit solutions
are known for bare homogeneous problems. The results from extrapolation
of answers for successive meshes are shown below for a particular

seven-group three-dimensional case:

Space Mesh (M) K (M) [%}2 k (=)

6 x 2 x4 0.7400339 - -

12 x 4 x 8 0.7280397 4 0.7240416
24 x 8 x 16 0.7250360 4 0.7240348
48 X 16 x 32 0.7242847 4 0.7240343
96 x 32 x 64 0.7240969 4 0.7240343
144 x 48 x 96 0.7240621 2.25 0.7240343
« (continuum) 0.7240343

Of course the problems solved in analysis usually have geometric and
composition complexities; an integral quantity such as the multiplication
factor may be monotonic with increasing mesh only above some mesh size,
and extrapolation of coarse results is unreliable due to higher order

error contamination.

END OF SECTION
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Section 704: Calculation of Macroscoplc Cross Sections,
Normalization and Edits

This code is designed to use microscopic data for individual
nuclides to take into account changes in the concentrations of the
nuclides. It may be practical in some situations to use a pseudo
nondepleting nuclide concentration of relative density and associated
macroscopic cross sections.

The basic equations used for calculation of macroscopic cross
sections are shown below. For subzone concentrations, the effective
zone concentration of each nuclide is taken as the subzone concentration
times the ratio of the subzone volume to the zone volume. It is assumed
that nuclide densities are in atoms/barn-cm and microscopic cross
sections in barns in calculating reaction rates, depletion, and
determining mass balances.

Consider some zone within which each nuclide has a uniform, smeared
concentration N. The usual cross sections are calculated as follows with
indexes a-absorption, f-fission, tr-transport, s-scattering, and g and

k-energy groups, z-zone, and n-nuclide.

o~
(]
o b~
=
Q

™
i
=
=z
Q

Vlgg,z ™ L M, Y On,p
Ztr,g,z: g Nn,z 0tr,n,g
where
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and

SZ

= + M
Nn,z Mn,zqz éi Ln,sz VZ

where M is the concentration of nuclide n in zone z, q, is the volume
n’

fraction, M is a subzone concentration and VSz and VZ are the subzone
n,sz

and zone volumes respectively;

1
Doz™ 31 ’
FXs8,2 (704-1)
X = o .
ys,g*>~k %Nn,z s,gvk
For the diffusion-approximation calculations, each Zs g is set to zero
b
to avoid slowing the rate of convergence of the iterative process.
The equations used to determine reaction rates are as follows. The
reactor thermal pwoer level, P, is determined by
! — -
P == v N X o} + Y o (704-2)
Co § 22]:; n,Zz né‘pgsz f,n,g ng ¢g,z C,01, 8 ’

where Xn is the nuclide thermal energy watt-sec per fission, Yn is per
capture, C; is the specified fraction useful power, C, 1s the specified
fraction of the core treated and the flux level is adjusted such that

the calculated P is that value specified in watts. The values of E

£,2
are simply volume weighted over zones at each energy,
Y6, V.
. . i,g 1
by 0 ™ L , (704-3)
2
Y,
iez

where i refers to a mesh point (and its associated elemental volume).
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Given the microscopic type of energy data, not group dependent,

Y o ), (704-4)

wg,z = Ilen,z (xn CF:f,n,g * n c,n,g
then
Cy —
P = EVZZWg’Z By, - (704-5)
t g

That is, the normalization of the results of a calculation is to a desired
power level. Point flux and zone average flux values are discussed above.
Lacking energy data, Xn values are set to 3.2 x 10-11 watt-sec/Fiss.
Edited results are based on the flux level required to satisfy the desired
power level.

The local power density is given by

(704-6)

Hy = 2W, o 45 g
g

where i 1is contained in z. For traverses, the maximum value of Hi is
found and values along each of the coordinate directions through this
point are edited.

The local neutron density is given by

- 1 704-7
N, = L3 9 g 7 ( )
g g,2

where vg z is the group neutron velocity associated with point 1.
’

When an edit of the "Primitive Fissile Conversion Ratio" is found,
it 18 the ratio of the rate of capture (n,y) in the defined fertile nu-

clides divided by the rate of absorption in the defined fissile nuclides

using volume integrals of reaction rates summed over groups. It is
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233 239

desirable to define such intermediate nuclides as Pa and Np as fis-
sile for accounting purposes.
Edits of point values are for the locations of the mesh points (volume

element centered), not interpolations to material boundary intersections.

END OF SECTION
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Section 705: Types of Problems Solved

The procedures implemented in the VENTURE code block are oriented
at resolution of any of a wide variety of basic problem types. These
are described in this section with the equations cast in matrix form. We

start with the usual neutron flux eigenvalue problem (see Eq. 701-2).

The Usual Eigenvalue Problem

The usual neutron flux eigenvalue problem may be cast in the form
1
Ad¢ =i xF ¢, (705-1)
e

where A is the transport, scattering coupling, and loss operator; F is

the fission source, a row operator; ¥ is the source distribution function,
a column operatora; ¢ is the neutron flux vector; and ke is the multipli-
cation factor to be determined which effects a pseudo steady state
condition.

Eq. (705-1) has the solution

~ 1
¢ = %__A xE ¢ (705-2)
e

where A™' is the inverse of A, AT'A = I. For many problems of interest
it is not practical to invert A. Given n space-energy points, A is an

nxn square matrix containing n® entries. So an iterative procedure is

used which takes advantage of the sparseness of both A and F.

Eq. (705-2) may also be expressed as

@'XF -k, 1) ¢=0, (705-3)

axF could be a matrix, not separable.
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indicating that ke is an eigenvalue of A_IXF. We hope that any flux
eigenvalue problem to be treated has a unique, most positive eigenvalue
in the set of all of them, ke =k; >ks > ... . The requirements under
which this 1s the situation have been studied.a’b Physically, it is
required that each point in the space-energy system be coupled to every
other point through the coupling coefficients (in both A and xF).
Further, the solution vector ¢ is unique and each component > 0, but only
if xF is all positive and the diagonal terms of A dominate along columns;
it is sufficient that all macroscopic cross sections be positive given

the necessary coupling, but not absolutely necessary.

The Fixed Source Problem

The fixed source problem is expressed as

Ad=X ¢ +8S, (705-4)

not an eigenvalue problem. Occasionally F = 0, as for deep penetration
shielding problems, especially applicable to extending a solution for a
fueled region to a remote location by an auxiliary calculation. In
reactor core analysis, fixed source problems have been used mostly to
play computation games. However, there are special situations which
require this formulation, as for analysis of the start-up condition with
a source inserted in the reactor.

For usual situations there 1is a neutron density distribution
associated with a fixed source problem, and the level of this density is

higher the larger the magnitude of the source. A prime objective of a

2G. Birkhoff and R. S. Varga, "Reactor Criticality and Nonnegative

Matrices,'" J. Soc. Ind. App. Math 6, p. 354 (1958).

bR. Froehlich, '"Positivity Theorems for the Discrete Form of the
Multigroup Diffusion Equations,' NSGE 34, p. 57 (1968).
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fixed source calculation is to determine the neutron flux level
associated with the source.
‘When F is nonzero, there is a sensible solution to Eq. (705-4) only

if the related problem
Ad = xF O
.._k X
e

is subcritical, ke < 1, when $ = 0. Otherwise; the flux level would keep
increasing, even without the fixed source, and the usual procedures for

resolving fixed source problems generally fail.

The Adjoint Flux Problem

The adjoint flux eigenvalue problem is expressed as

A% = omt (705-5)

e

where the superscript t refers to the transpose of elements about the

diagonal (interchange of rows and columns). In diffusion-theory

representation, transposing A involves

(1) no changes in the total removal (absorption + outscattering + DB?)
terms on the diagonal,

(2) no change in the diffusion coupling due to symmetry about the
diagonal, but

(3) change in the group-to-group transfer or scattering terms, Z(g»n) to
L(n+g); inscattering no longer cancels removal if the equations are
summed .

Transposing xF causes the contribution to group g by the distribution

function X(g) of neutrons produced in fission in group n from the

reaction due to cross section vZf(n), namely x(g)vZf(n), for the usual
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problem, to be reversed for the adjoint problem, namely vI{(g)x(n), or
tht, if (xF) is separable.

The eigenvalue of the adjoint problem is the same as that of the
regular problem, ke. Thus it is common practice to use the result from
the regular problem in the process of solution of the adjoint problem
when they are treated in succession. However, it sometimes is of more
interest to solve the perturbed adjoint problem for more precise analysis
of perturbations when a specific perturbation is of interest. 1In this
case the perturbation changes ke requiring that it be determined as an
unknown.

The adjoint fixed source problem is of special utility in analysis

of the effect of perturbations to the system on some specific local

effect. The problem to be solved is

* ES
A" =1 FhYeT 4 sk (705-6)

1
k
e
and the appropriate source, S* must be supplied for this adjoint problem.
When an adjoint prol:lem is of the eigenvalue type and directly
follows a regular problem, in the same code block access, then the
result for ke from the regular problem is used. It is thus assumed that
these eigenvalue problems are for the same system. When an adjoint
eigenvalue problem is of the eigenvalue type and directly follows a
regular problem in which a criticality search was done, it is again
assumed that these eigenvalue problems are for the same system, namely
the result of the criticality search. This is true even for the 1l/v

search and the 1/v loss terms are included in the adjoint problem.
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When an adjoint problem is of the fixed source type, it is assumed
to be for the system initially presented, except when a regular problem
is run first and adjustments are made in nuclide concentrations or
dimensions.

An adjoint problem may be solved in an access to the code block
without first solving a regular problem. This problem may be an
eigenvalue problem, or a fixed source problem for which there may or may

not be a transposed fisslon source.

Criticality Searches

The primary application of a code block designed to solve neutronics
eigenvalue problems is analysis of reactor core conditions. To hold a
reactor at a desired power level, it must be maintained at a near critical
condition. Therefore, it is incumbent on analysis effort to determine
representative conditions near this required state of operation. The
type of problem to be solved has been named the "criticality search'’;
adjustments are to be made in certain parameters of the problem to
establish a desired state of criticality.

Establishing the positions of individual control rods represented
discretely in a finite-difference mesh which satisfy the critical
condition and minimize the peak power density is one of the most
difficult problems formulated in reactor analysis. This problem has only
been solved by indirect methods when a fine scale flux distribution is
included in the requirements to be satisfied.

The criticality search problem may be expressed in a general
formulation as

A — % XF)¢ = B , (705-7)
e
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where ke is the multiplication factor to be satisfied, a specified
number often unity, and B is the search operator. This problem is to be
solved given a specified way in which the components of B are to be
changed to effect the solution.

There may be constraints on acceptable solutions; a mathematical
solution may not have a realistic physical interpretation. A system
containing no fissile material cannot be made critical unless fissile
material is added to it. A mathematical solution which involves
negative nuclide concentrations or ones which exceed physical limita-
tions is usually not acceptable.

A unigue solution to the general search problem is not assured.
There are often two different mixtures of D,0 and H,0 which will
satisfy critical conditions in a wide lattice thermal reactor. There
are often three different concentrations of the same mixture of
plutonium isotopes which will satisfy critical conditions (mathemati-
cally) in a water-cooled core. The analyst is often seeking only one
of these possible solutions. He is cautioned about the difficulties
associated with the general criticality search problem. The automated
procedures seek a mathematical solution, try to determine those
situations where such a solution does not exist, and make key tests on
a solution to determine if it is realistic in a physical sense, and
discontinue further calculation if it is not. Quite generally, it is
assumed that the initial state of the system is relatively close to the
desired solution. When it is so, many of the difficulties are avoided.
Beware the results when large changes to the initial conditions were
required to effect a solutiom.

The sophistication of the treatment in a code such as VENTURE

increases with development. Basic capability programmed in the code is
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discussed here which includes extensions over simple procedures.
Consider that concentrations of nuclides have been adjusted in accordance
to specifications, but the problem solution is found to be unacceptable.
Let us say it took more of the described fuel as makeup than is
available. Adding the allotted amount of this fuel, and then searching
on a secondary fuel mixture is possible. Thus some limiting constraint
may be satisfied and the calculation continued to apply a second type
of search, and then a third, etc.

For the basic criticality search problems treated in the VENTURE

code, Eq. (705-7) is recast in the form

(A =X ¢ = AG—XP — Qb , (705-8)
(] e

o where ¥P is the neutron source operator generally associated with search
on fissile nuclide concentrations, similar to but often more sparse than
xF, Q is a diagonal matrix representing loss only, and A is the eigenvalue
of the search problem to be determined. A procedure is available which

iterates directly toward a solution.

The Direct Buckling Search

In Eq. (705-8), P = 0, and Q contains the contributions from buckling
loss terms as specified, DBiy. The local value of the diffusion
coefficient D is used, the local volume V, and the buckling BL.WhiCh may
be energy group and position dependent. The value of A, an eigenvalue,
is to be determined; it is a relative magnitude of the buckling. That
is, all the values of B| are adjusted proportionally (AB|) to effect a

solution. As programmed, A — 1 is determined during the iterative

procedure, that is the change from the initial problem description.
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The Direct Reciprocal Velocity Search

for this problem, P = 0, and only the diagonal elements of Q contain
the product of the reciprocal of the velocity and the local volume, loss
terms. The eigenvalue A is a multiplier on the reciprocal velocity sink
term which effects a solution. If A is negative, a distributed source
has been added to the systen.

This calculation determines the prompt mode time constant. The

dynamic neutron balance is considered in the form

o 12939 _ —
£ © v 53¢ - Sources losses , (705-9)

where W is the neutron density and v is the neutron velocity. The

asymptotic neutron flux mode is formulated by assuming that

-0t
= ce

Substitution of these into Eq. (705-9) leads to the form of Eq. (705-8),

P = 0, with A identified as o, a time constant usually associated with

a prompt neutron mode (no contribution from delayed neutrons), and Q is

v ', A suitable value of ke must be specified and the results properly
interpreted, but coverage of these important details is beyond the scope
of this document. It is often necessary to solve another problem first

to obtain the desired results, either to establish suitable conditions,

as by adjusting some of the parameters, or to establish the value of

ke for the system.
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The Direct Nuclide Concentration Search

The direct search technique may often be usefully applied to
problems of determining nuclide concentration changes, the nuclide
concentration search. Desired conditions may often be satisfied with
little more calculational effort than required to solve the corresponding
usual eigenvalue problem. It is assumed that the nuclides for which
concentration changes are to be made will make a primary contribution
to the macroscopic absorption and production cross sections, and only
secondarily affect the scattering and transport terms. Thus application
is to heavy metals or control absorber, not to moderator nor reflector.

The concentrations of certain nuclides are to be changed in the
system as necessary to satisfy a desired value of ke. Given specifica-
tions for these concentration changes, a common multiplier is desired
such that at solution the actual change made in the concentration of

nuclide n at location r is given by
ANr(ke) = A ANr(O), (705-10)

where the argument (0) refers to the initial specification, and X is a
common multiplier, an eigenvalue to be determined. Consider the

following which are effectively macroscopic properties:

2ij’x‘,g N IZ]. ANn)r(O) Oa’n ’
Zq,r’g } 1,21 ANn’r(O) \) (jf.’n ’

. a . . . .
where sums are over the search nuclides. Given an iterate estimate of

a . . .
Account for volume fractions, and for volume ratios in the case of
subzone search, is not shown.
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the neutron flux, an overall neutron balance may be formulated as

where P, 1s the summed neutron production rate for the system; A, is the
sunimed loss rate, absorption and buckling, for the system; Lt is the

surface leakage, and

Vr being the region volume, and ¢r g is region average neutron flux in

b

group g.

Solving the above equation for the unknown eigenvalue gives

1
~—-Pt ——At—~ Lt

A = ) (705-11)

Thus from an overall neutron balance, an estimate is made of the
eigenvalue of the nuclide concentration search problem. With this
estimate, the usual iterative procedure may be applied; account is taken
of the contributions from the search nuclides using the macroscopic
absorption and production cross sections associated with the changes.

To account for small changes in the scattering and transport properties,
the nuclide concentrations are updated at convenient points in the iteration
cycle, (after asymptotic extrapolation or prior to restart of the
Chebyshev acceleration process), and the macroscopic cross sections and

equation constants are recalculated at this point in the calculation.
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The Indirect Search

The conventional way that the nuclide search problem has been solved
is by solution of a series of usual eigenvalue problems with estimates of
the required changes to the search nuclide concentrations introduced
after each eigenvalue problem. First the usual eigenvalue problem is
solved (for ke) for the conditions presented. A change is made in the
nuclide concentrations according to user specifications, and this new
eigenvalue problem is solved. Based on these results, the nuclide
concentrations are further adjusted, and the process continued to an
apparent solution, subject to acceptance by the analyst.

The dimension search problem is done in the same manner. Changes

are made in the geometric mesh spacing to effect a desired solution.

END OF SECTION
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Section 716: The Iteration Procedures

Introduction

This section documents the iterative procedures implemented in the
VENTURE code. An attempt is made to provide the user with the information
he needs for practical use of the code and to choose between the
programmed options available, for experimentation or selective
application.

The procedures of calculation must be considered rather complicated
when viewed by the analyst wanting results and not much concerned about
how they are obtained. In solving large problems, computation cost is
an important consideration; there is incentive to reduce the cost by
applying an effective procedure. The overall strategy involves:

1. Initialization (see Section 718),

2. Inner iteration with overrelaxation to accelerate the fixed

source problem at each energy,

3. Outer iteration with acceleration,

4. Convergence tests, and

5. Reliability checks (see Section 720).

The following discussion addresses the individual procedures.
Introductory material is given first to orient the reader.

Inner iteration involves successive recalculation of the flux
values. Given the fission and inscattering source, the coupling (neutron
balance) equations are solved by an ordered sweep through the space mesh

at one energy. This is expressed in matrix form as
= +
¢t,n T ¢t—l,n USn,

a set of coupled linear equations where ¢t , Tepresents the point flux
3
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values for inner iteration t, outer iteration n, T and U are the operators
(coupling terms) and Sn represents the point source terms. Latest point
values of the fluxes are used as they become available and new values
are obtained for a block of points simultaneously. The newly calculated
values are driven by overrelaxation which involves using the changes in
the point flux values to drive the fluxes in the directions of individual
changes from the previous iterate values. Thus, T above is appreciably
altered from just a simple coupling operator; it may depend on n and t.
The number of inner iterations carried out on one space problem each
outer iteration is a key variable.

Outer iteration on an eigenvalue problem may be viewed as solving

the matrix equation

- 1
(Dn - (E + knml XF} ¢n~l H

a set of coupled equations where ¢n represents the point flux values for
outer iteration n, E is a space, energy coupling operator, F contains
the terms for neutron production from fission and x is the into-group

distribution function, and k is the estimate of the multiplication

n-1
factor. It is noted that inner iteration causes E to have a complicated
form.

Each outer iteration there is full sweep yielding latest estimates
of the point flux values ¢n’ and a new estimate of the eigenvalue of the
problem, kn’ is obtained. The c¢alculation starts with the first or
highest energy group for usual problems and proceeds downward, following
the primary direction of neutron scattering. For adjoint problems, the

sweep 1s reversed.
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The same steps are carried out within each outer iteration. This
is necessary to permit effective acceleration of the outer iteration
process. Two acceleration schemes are used, Chebyshev acceleration
applied repeatedly and asymptotic extrapolation done only occasionally.

The Chebyshev acceleration process involves acceleration each outer
iteration of the calculated flux values given the iterate estimates for
the two previous outer iterations. The objective is to beat down the
contributions from all the error vectors having eigenvalues over a
specific range. Practical considerations include selection of the stage
of the calculation to initiate the process, identifying the eigenvalue
spectrum range, identifying when the procedure is not effective and
when it can be expected to not be effective.

- Asymptotic single-error-mode extrapolation is based on the
assumption that a single error vector dominates asymptotically, the
others having decayed away. Two of the outer iteration sets of flux
values are extrapolated to an apparent solution. An asymptotic
double-error-mode extrapolation procedure is also implemented which uses
three succeeding iterate sets of the flux values. Practical considera-
tions include identifying when the iterative behavior indicates
extrapolation will be effective and estimating suitable extrapolation
factors. Extrapolation may be done when the Chebyshev process is being
applied.

The primary criteria selected to identify that an iterative process
is convergent is decrease in the maximum relative flux change with con-
tinued iteration. This quantity is used in the implemented procedure to

evaluate the behaviors of the inner iteration and the outer iteration
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processes. Also the sum of the absolute values of the flux changes

relative to that for the previous iteration is used on outer iterations.

Remarks on Optimum Strategy

If the optimum number of inner iterations is very few, perhaps even
one, a relatively straightforward and effective procedure can be
identified and applied. If the optimum number of inner iterations is
large, a different relatively straightforward and effective procedure can
be identified. The two procedures are quite different and there is no
smooth transition from one to the other which is needed when a modest
number of inner iterations should be the optimum. Furthermore, an
initial commitment to set data handling procedures makes it very
difficult to shift the strategy during the calculation as information
becomes available about the iterative behavior. Also, for a limited
class of problems for which modest convergence criteria would be
adequate in a specific application, a particular procedure could be
chosen which would not be adequate for other applications nor for
generating benchmark quality solutions in a gemeral purpose code.

The objective is effecting an acceptable solution to a problem at
a minimum cost of computation to the project. Considering the large
number of variables involved, preselection of an optimum strategy is
simply not possible. The subject is addressed in Section 717.

The procedures implemented admit selection between a number of
alternatives. A strategy is selected which depends on the particular
problem to be solved and this strategy undergoes modest changes as

information about the iterative behavior becomes available. The
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automatic selection of a strategy allows application with minimum burden
to the user; however, it involves compromises and can hardly be expected
to be a precise oOptimum in any given situation for a particular problem.
Principal alternatives for basic selection between procedures are under
the control of user-input options. For those problems for which the
iterative behavior is predictable from past experience, input control is
available and exercising this control is desirable., However, a note of
caution is in order. Only a limited background of experience with the
actual procedures implemented is available to the authors; it takes
time to accumulate experience. Past experience with similar procedures
but yet different in detail, may not be applicable nor trustworthy.
Further, the overhead of handling the large amount of data for the larger
problems and associated penalty must be considered in applying the
procedures or attempting to modify them.

Before discussing the details of the procedures, an overview of the

iteration strategy is presented.

An Overview of the Iteration Strategy

The general procedure of solution employed is one of iteration. For

the usual eigenvalue problem, the equation to be solved is

Ab = 11{_ F 6. (716-1)
e

With special partitioning of the matrix A,

[D~J—L—U]¢=[S+T+%~XF]¢ , (716-2)
- e



where

D
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the main diagonal term (loss due to absorption, buckling,

outscatter),

contains the coupling terms for a block of points {as along a

row in space at one energy) for which the flux values are
determined simultaneously precisely given the current values
of the other fluxes,

the lower triangular matrix containing coupling terms in
space,

the upper triangular matrix containing coupling terms in space
(excluding any appearing in J),

the downscattering source matrix (group-to-group scattering
terms at a point) ,

the upscattering source matrix (group-to-group scattering
terms at a point),

the fission source component (from all groups at a space
point contributing to the total at that point, a row matrix
operator),

the source distribution (from the total to each group at a
point, a column matrix operator), and

the unknown multiplication factor, a constant for any problem

to be determined.

To illustrate how an iterative procedure is formulated, let us put

the term D¢ on one side of the equation, Eq. (716-2), and the remaining

on the other, giving

D¢=[J+L+U+S+T+l];—xF]¢‘

e
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If a set of fluxes is available for iterate n, namely ¢n, then a

simple iterative scheme is expressed as

¢n+l = D_1£J + L+U+S+ 7T+ %”‘XF] ¢n s (716-3)
n

. -1, . . .

where the inverse D = is of a diagonal, the reciprocals of terms in D.
An estimate of ke is required, kn’ and a continuing iterative process
may proceed. The above with all positive entries and ¢, > 0 produces

¢

e+l > 0; only with ¢ > 0 can a unique and most positive value of k be
assured. Eg. (716-3) does not even admit the use of newly calculated
¢ values, so it represents a rather crude procedure.

With downward sweep in energy and simple sweeps carrying the
simultaneous solution for rows across the space problem, use of newly

calculated fluxes causes them to contribute through the matrices J, L,

and S, or
- 1 .
[D—J—-1-8]¢, = [U+T+-E;XF] ¢

=D~ ~L=S" U T xF] by (716-4)
n

¢

n+l

The inverse shown would generally be impractical to obtain. It is not
needed, however, but rather is a consequence of the process and the
partitioning of the coﬁpling terms.

Overrelaxation is used as discussed later in detail. The basic

equation 1is

= — X 16-5
Xi,n Xi,n—l * B(Xi,n i,n—l) ? Y )
. . R ~ *
where Xi, oy is a component of ¢n—1 obtained from iteration n-1, Xi,n
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is the newly calculated value for iterative sweep n, 8 is the
overrelaxation factor, and Xi,n is the overrelaxed value used thereafter
for this sweep of the equations. Note that B = 1 causes the newly
calculated value to be used; overrelaxation is done for 1 < B < 2. A
fixed value of B may be used, or a different overrelaxation coefficient
may be used for the space problem at each energy. Also, the value of

B used may be iteration dependent. This flexibility is shown in the
equations by representing the overrelaxation process with a matrix Bn
containing only the values of B on the main diagonal, the subscript n
indicating the values may be changed during the iterative history.
Overrelaxation changes Eq. (716-4) to

o S S ‘
o .1 = {D ~B [J+ L+ S]} {(1 ~B )+ B U+ T+ X ]} o, - (716-6)

n+l

Inner iteration may be done. For many types of problems, additional
calculational effort shows advantage to reduce the error associated with
the space problem at each energy. Thus, several sweeps may be made of
the space problem at each energy. Considering a fixed number of inner

iterations, Eq. (716-6) becomes

=1
t

t- 1 1~ 1 i-1 t -1 XF t

X_ }{Z_ X Bn[T+~k~—:—1} +yn}¢n_l ,  (716-7)

n

X,=D—B (J +L)

n 4= BD+ B U,
and t refers to the number of inner iterations. Eq. (716-7) would have
to be altered if either the number of inner iterations is different for

the space problems at each energy or if Bn is varied during inner

iteration.
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Equation (716-7) also applies to the direct search problem with
rearrangement of the terms and inclusion of the estimate of the
eigenvalue of the search problem. Acceleration on outer iteration adds

further complexity not shown.

Regarding Rebalancing

We are well aware of the fact that one of the possible rebalancing
schemes can be used to accelerate the rate of convergence of a specific
class of problems. Indeed some experimenting has been done with this
code, We find that in general for the class of problems of primary
interest, the cost of effective rebalancing calculations can not be
justified, especially for the problems which are too big for the space
problem at one group to be stored in memory, problems typical of
current application. We had hoped that it would be possible to suppress
the contribution from the dominant error vector with simple and
infrequent rebalancing, but have not found this to be the case. Such
experimenting does continue and may allow a superior procedure to be

identified which then can be used routinely.

Latest Iterate Estimates of the Flux Values

New values of the fluxes are obtained each inner iteration by
applying the basic finite-difference neutron balance equations for the
volume elements. Substitution of the leakage terms of Eq. (702-3)
into Eq. (701-4) yields an equation for each point equating the loss

rate with the source rate in the form.

a. X. = S. + b. X. + b. X

i ™Mt i,t i %-1,t i+l (716-8)

i+l,t °

where i refers to a mesh point along a row, t refers to inner
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iteration, Si is the summed fissien and scattering source plus the
contributions from nearest neighbor points on adjacent rows, a; is the
loss constant, and b. is the coupling coefficient between nearest
neighbors along the row.

Line relaxation involves a forward, backward sweep to solve the
tri-diagonal matrix yielding new flux values simultaneously for all
the points along the row. To satisfy the recursion for the backward

sweep

£,

_ ; 1 —

Kie© 8 {Xi+l,t iy } g (716-9)
1+1

requires a forward sweep

B = Sie 8y fig o

and a previously done forward sweep,

with the amount of division minimized.
An alternative procedurea is attractive to reduce the amount of

computation during iteration. To solve the system of equations

A = S

a new set of operators is desired such that

cvlvee = s .

aCuthill, E. H. and Varga, R. S., "A Method of Normalized Block
Iteration," J. Assoc. Comput. Mach., 6 (I1959).
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The elements of these operators are obtained as follows. Let a; be the
diagonal terms of A and bi the off-diagonal terms, coupling point i

with i-1. Then, an initial calculation is done giving

1
£ = a2
fl al
1
b, 1417
3 . i .
fl = |a = , 1 <1 <1
1-1
v, = Al , elements of V, 1 <1 <1 -1
i f£.f. —_ -
171+1
c. = lm-, elements of C
i ti

The forward-backward sweep equations solved during iteration arve:

i i
1%
Yi 7% 7 ViYia

(716-10)
23 Y3 V%4

¢. = C.2Z

i i1
It may be noted that the new values s and v, must be made
available, but that the original elements a; and b.l and intermediate
values fi are not later required. Thls scheme is not applicable when
the direct criticality search procedure is used (unless the new values
of a, are used each outer iteration and the precalculation of c and v

is redone).
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The direct inversion scheme requires ten arithmetic operations
including two divisions, while the modified procedure involves at most
six with no divisions during iteration. The reduction is a smaller
fraction of the total calculation involving overrelaxation and summing
the individual source terms which increases as the number of
dimensions is increased.

For the repeating boundary condition, leakage from one end feeds

back to the other end, and a term must be added to Eq. (716-9),

Ko T 507 " Kee P X e g.| (716-11)

where I refers to one of the flux values. The unknowns are obtained
from this recursion relationship.

The calculations are done in such a way that a zero value of
Xi,t indicates that the associated point lies in a black absorber
region.

Clearly the whole point of solving for several point fluxes
simultaneously is to invest calculational effort where it will
accelerate the iterative process. We seek ways of resolving more points
or different blocks of points which will accelerate problems.

A special situation is presented by rotational symmetry boundary
conditions: a point on one row couples with a point on another row.
The newest iterate value of the flux is used in this coupling, but half

of the time this is a previous iteration value. Thus, the rate of

convergence might be expected to be slower than without this coupling.
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Sweep Order

By '"mormal ordering' is meant that new flux values are obtained at
each point each inner iteration by a sweep across the space mesh at one
energy. This sweep starts on the first plane at the first row, then
the next row on the plane is done, and so on across the plane, then
the first row on the second plane, and so on across the planes. With I
inner iterations, the flux at each point 1s calculated I times with I
successive sweeps.

With o1 ordering, new values are first obtained for alternate
points or along alternate rows, then for the others. Consider the
two-dimensional problem with simultaneous solution for point values
along each row. Looking at the ends of the rows,

......... . X . X . X . X . X
the odd ones shown as a dot would be treated first (in any order) and
then those shown as an x would be treated. Spacial coupling by the
finite-difference equations relates only nearest neighbors, so there
are no direct couplings between any . rows or between x rows. The
neutron leakage contribution (space coupling) is calculated from the
nearest x values when a . point is treated; therefore, this leakage
contribution is obtained from the same iterate nearest neighbors.
(With normal ordering, the adjacent points have values one iteration
apart for the sweep row.)

In three dimensions, we look again at the ends of the rows and find
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Again with coupling only between nearest neighbors, the . points do
not couple and are swept first in any order, then the x points. This
ordering applies to all coordinate systems treated.

The 0; order of sweeping the mesh imposes rather severe data
handling requirements for large problems. Thus it is not done in
those modes having severe data handling burdens, and is done only on

planes in the multi-plane stored mode.

Inner Iteration and Overrelaxation

Overrelaxation is a simple but powerful scheme for accelerating the
rate of convergence of the iterative process. The theory 1s not well
developed for optimizing the overall strategy to maximize the rate of
convergence of a multigroup eigenvalue problem. However, the behavior
of the fixed source problem involving the simple coupled finite
difference equations, the space problem at one energy, is well known;
the following discusgion is directed at this inner iteration process.

Consider calculation of new values of the fluxes each inner
iteration using only the old values. If we examine the eigenvalues of
the iteration matrix, there is the same number of them as points or
flux values to be determined, all less than unity. These contribute

to the error in the sense of the difference between the answer and the

current estimate of the flux at each point for iteration t,

X_ w X’ = Z A_ N p . (716—12)
’ j

Thus, there is a contribution to the error from each error vector having

an associated eigenvalue P; which depends on the value of Ay j and the

iteration number. The values of pj depend only on the equation

constants, not on the source values. The values of Ai . depend on the
1,]
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initial state of the problem, both the fixed source values and the
initial flux values. Since p§ + 0 as t +» o, pj < 1.0, each contribution
to the error dies away; the smaller the value of pj, the more rapid its
contribution decays.

Asymptotically as t=+, the contribution from the largest pj
dominates. Eliminating the constant Aj . from the recursion equations

-2

yields information about the asymptotic behavior,

i, it _ o = i,t i,t-1
Xj,0 7 X5t Xit-1 ~ 812
R R p
X, ¢ =% o1 1.0-p

That is, asymptotically, the absolute error is reduced by p each
iteration as is the iterate change. However, the ratio of the absolute
error to the iterate change depends on the reciprocal of 1.0 — p.

Quite generally the more unknowns in a given problem (the more
space points used), the larger the value of p, the slower the rate of
convergence, and the larger the ratio of the absolute error to the
iterate change.

Use of the latest values as they become available in a consistently
ordered process accelerates the rate of convergence. The effect is

squaring the eigenvalues giving the asymptotic behavior

lewxi,t 2
¥ i
1,0 — X
? i,t-1
Xl’m —~Xi,t pz
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Note that for p = 0.9, p2 = (0.81, a significant improvement. The ratio

of absolute error to iterative change decreases from 9 to 4.3. Of
primary concern here is not this situation, but rather that where p
approaches unity, having a value of 0.99 or even larger.

For certain problems, the value of p is larger than usual; one of
these is the situation involving rotational symmetry for which old values
of the fluxes along the coupled boundary are used since new ones are not
yet available.

With overrelaxation, the iterate flux estimates are driven in the

direction of the calculated change by the equation

a— * —_—
Xj ¢ = Xj g ¥ B O] L —X

it it (716-13)

i t-1)

Here X7 ‘ is the newly calculated value and B, is the overrelaxation
9

3

coefficient. For the fixed source problem, there is an optimum value

of Bt’ given bya

Bopt = 219 . (716-14)
PY 10 +VITD = 7

The eigenvalues of the overrelaxation process occur in pairs. Shown in
Fig. (716~1) is the dependence of the dominating eigenvalues of the
overrelaxation process on the value of Bt, 1 < Bt < 2, for the situation
where p? is 0.99. Considering only this fixed source problem (not the
overall eigenvalue problem), the objective is to effect the minimum
dominating eigenvalue of the process. This occurs when the optimum value

of Bt is used. For Bt < B the pair of eigenvalues are real, one

opt’

relatively large, the other small. For Bt the pair of

>
Bopt’

43. P. Frankel, Convergence Rates of Iterative Treatments of Partial
Differential Equations, Math. Tables Other Aid Comp. 4 (1950).
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eigenvalues are complex conjugate. The error vectors associated with
these eigenvalues are not independent, but have a rather complicated
dependence on the iteration number.

The importance of the use of an overrelaxation coefficient near the
optimum is evident from Fig. (716-1). Indeed, it is preferable that the
value used be too large rather than too small because the convergence
property is not degraded as much. It should be noted that asymptotically,
the absolute error reduction is a factor of 0.82 each iteration with
optimum overrelaxation compared with 0.99 without overrelaxation.? Each
iteration done with optimum overrelaxation is the equivalent of 20
iterations without it. Clearly, the amount of calculation required to do
overrelaxation returns a large dividend justifying its use, and a
reasonable amount of calculation can be justified to determine near
optimum requirements. However, a convergent process is indicated for
1 <f < 2.

New values can be obtained of the fluxes for a block of points
simultaneously. Thus, when line relaxation is done as discussed
previously, these values are overrelaxed simultaneously.

It is of interest to compare asymptotic rates of convergence for a
reference problem. For the two-dimensional square mesh with even mesh
point spacing, homogeneous, and no sink term, the asymptotic rates of
convergence for various schemes are shown below as dependent on the
number of mesh points on one side. Line overrelaxation changes the

spectral radius from p to p/(2~p) for the separable square mesh.

The actual gain is somewhat less than indicated by this simplistic
view; see Section 717. ’
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Asymptotic Rate of Convergence

Use 0ld Use New Point Line
Mesh Points 8 Values Values Overrelax Overrelax
10 1.560 0.041 0.081 0.58 0.82
50 1.884 (.0019 0.0038 0.12 0.17
100 1.940 0.00048 0.00097 0.062 0.088

a, ,
The scheme is the only one implemented; B is different
for line overrelaxation.

During the early iterative progress of a problem, large changes in
the flux values are associated with initial error vectors which may
cause Eq. (716-13) to produce unacceptable negative values. We restrain
the process by restricting the result in a manner which dampens out

excessive driving, requiring

# %
- X < mi ] X 716-15
Xi,t i,tl < min [O 5 I el Xi,t-l!] ( )
Xz ¢ is the newly calculated value and Xi ¢ is the restrained overrelaxed
2 2

value. The nature of restrained overrelaxation is shown in Fig. (716-2).
When the iterative progress reaches a stage where the calculated changes
are small, no restraint is required. Therefore, the restraint applies
only during the early history when bad initial error vectors dominate

(|€n| > 0.01, see later discussion].

Equation (716-15) is programmed to account for negative flux values

when they occur and changes in sign of the flux values.
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Inner Tteration Strategy

The procedure adopted is as follows where t is the inmmner iteration
count, T the maximum, and n the outer iteration; this procedure is

applied independently at each group and the default may be overridden

by user control:
X{g), all t, a = 1,
T < 4, B, (g) = Y _,(8, all t, n > 1,

except as noted;

X(g), t = 1, all n,
T >4, Bt ng) -

188 Yt~l(g)’ t > 1, all n; (716-16)
X(g) = 1 2.0 + 2.0 H

2.0 {2.0-p2(g) 1.0 ¥y 1.0-p% (g)

- 1.0
Ym_l(g) = 1 ) °
1.0 - 75 0" (® Bm-l(g)

Thus the Chebyshev polynominal relationship is used, but large values
and the initial unity wvalue at the beginning of the series are thrown
away. 1In addition, if T < 4 and there are more than 5 groups or
Chebyshev of the flux values on outer iterations has been specified,
B, is used rather than apply the Chebyshev polynominals. ©Note that
the spectral radius p(g) must account for line relaxation.

When the overrelaxation coefficient is larger than the optimum,
the iterative behavior has a marked difference than when it is less.

A direct measure of the behavior is obtained from the iterate values

X,
. i,t .
of the maximum relative flux change. Let a, = =20 yhere X, is
i,t Xi -1 i,t
,t-1

the flux value at location i after overrelaxation is done at iteration

t, and
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[
1

max(ai’t) s

wn
it

in(a.
t m ( l,t) 2

over the space problem of interest. The maximum relative flux change is
determined from this information with the sign retained to indicate if

the flux at that location is rising (positive) or falling (negative),

e, = |max| (r; —1.0, s, —1.0) . (716-17)
it 75 e
Thus, € = | max | 2 > , retaining the negative sign if
i, t—1
descending.

A special condition exists when the changes in the flux values are

so small that they lose significance. In this situation, arbitrarily if

,Et, < 10~10, the number of inner iterations is adjusted to
4.0 + I_(g)

L (@ = —545—

n+l 2.0 ?

reducing it, but not to less than 4. In the multirow or multiplane
modes of data handling, the number of inner iterations being done may be
a multiple of the rows or planes stored greater than one; in this case,

10

the number of inner iterations is arbitrarily reduced when |e | < 10

e
by the number of rows or planes stored, down to a minimum of the number
of planes stored, to take advantage of the associated reduction in data
transfer.

Estimates are made of the dominating eigenvalue of the process from

the maximum and minimum flux ratios. We assume that asymptotically,

< Xi.t .
S Xi,t——l Ri,t1 Xi, 1
A =X — =3 . : (716~18)
il T N, te2 Tiyed o (Nd, 2



716-23

The data is deemed insignificant if for either m = t or t-1,

s (r —1.0) r (1.0 - g)
n > 10, or -2 o> 10.
(1.0 — Sn) (r, —1.0)

Assuming the flux values tend to rise or fall together we take half the

extreme relative change as an average and zet

£
_r

€e-1

(1.0 + “t-1). |
=5 (716-19)

Otherwise the eigenvalue is estimated from the data for the extreme

increases and decreases using

r, — 1.0 — 1.0
_)t A 5 ¢ .
Aer = TG Te-1, t,5 = | 5 Sg-1
t-1 51 e
o fA A
At = t,r t,s’ (716-20)

which is essentially the average of the two values when they are not
greatly different. TIn the event that all flux values are fallimg, both
T, and 8¢ willvhave values less than unity, or if they are all rising,
they will both be greater than unity.

The crucial need to accelerate at near the optimum presents a
challenge. 1In some programs in use, the implemented procedure is such
that initially no acceleration is done, or at least it is done with
parameters less than optimum, and these are increased using a scheme to
predict the dominant error vector eigenvalue which generally produces an

underestimate. It is generally more important not to accelerate above

the optimum when Chebyshev acceleration is done on outer iterations than
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when this procedure is not used, to avoid contamination ©f the outer
iteration error vectors. We are not attracted to schemes of doing a
large number of inmer iterations initially without acceleration to
produce accurate eigenvalue estimates, nor to iteration on zero source
problems, especially when the space problem at one group cannot be
contained in memory and a large amount of data transfer would be
necessary.

We use a scheme to identify acceleration above the optimum. If

e | <

el < lee ]

for all iterations, there is assurance that the process is convergent.
Indeed failure of this criterion has generally been useful to identify
acceleration above the optimum, used in several local codes in the past.
Unfortunately, there are situations where acceleration is below the
optimum but the criteria is violated. Such is the case in the early
history using ¢; ordering. Generally, this criterion is violated the
next iteration after full propagation of each boundary condition to the
most remote point, when the iteration count (total inner iterations from
the start) is one more than the number of rows in a two-dimensional
problem with normal ordered line relaxation on rows.

A less stringent but apparently adequate criteria is that

led < lee,l .
We use two failures of this test for either t = Tor t =T — 1 to

indicate that the acceleration is above the optimum but require |€n]
lgn—ll on outer iteration or non couvergence on outer iteration to be

indicated, [en[ > ’e ]. If this criterion is satisfied, an adequate

n-2

measure of the asymptotic mode is deemed to establish when
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A € 4.99999,
n

T,
1.0 — X A
0.975 of 5y 0L <1 025,
* T,n-1 T,n
1.0 — A A
T,n T-lln
0.95 <| s < 1.05,

T-1,n T,n
where T refers to the last inner iteration for outer iteration n. When

these criteria are satisfied, a new estimate is made of the spectral

. a .
radius , using

B(g) = 2.0 2
1.0 + Y1.0 RGP ?
: 1.0 — A >
2 - _N;.O _ St T,n
rn(g) AT;;:_* [1.0 (""°7§5§7—~”)] . (716~21)

The overrelaxation coefficient is recalculated with Eq. (716-4), but only
if the asymptotic single error mode extrapolation criteria discussed later

are satisfied, indicating that an asymptotic behavior of the outer

iteration process has established, and only if BT n(g] - 1.0 < Yo oo
and the adjusted value is constrained to

10.8, _(g)
6T,n+1(g) E—S. + BT n(g) (716‘22)

2

If the inner iteration process is deemed to be nonconvergent, the

overrelaxation coefficient is arbitrarily decreased

BT,n(g) —1

(716-23)

6T,n+l(g) = max O'QBT,n(g)’BT,n(g) -

SBT’n(g)3

i

When B(g) is changed, the associated value of f(g) 1s recalculated to

make them consistent. If any R(g) is decreased, this coefficient is not

2p, M. Young, "Iterative Methods for Solving Partial Difference Equations
of Elliptic Type,'" Harvard University Dissertation (1950).
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permitted to be increased later. Reduction in B(g) is allowed no more
frequently than every other outer iteration, and when in use, the ap-
plication of Chebyshev polynominals in reinitiated, and any B(g) < max
F(g) - 0.2 is not reduced. When fewer than 4 inner iterations are done,
inner iteration behavior is not tested and thus the overrelaxation coef-
ficients are not increased nor are they reduced based on inner iteration
behavior.

On demand by user coption, at a point preselected in the initializa-
tion procedures, or when the code is so disposed to, at some outer itera-
tion the regular iterative procedure is interrupted. Twenty iterations are
done without overrelaxation on the space problem at each energy without a
source, having the solution ¢ = 0. (The calculated flux values are not
used as the normal procedure resumes.) New values for the overrelaxation
coefficients are obtained from the Ll norm estimate of the dominant error
vector eigenvalue, see Eq. (716-31) and the discussion about initializa-~
tion. Procedures in use, such as the Chebyshev acceleration, are restarted,

and iteration delavs are reinitialized.

Re-Calculation of Overrelaxation Coefficients

The number of outer iterations required for the boundary fluxes

to propagate through the mesh is given by

N (planes) + M (rows)

T:
(min inners)

whete
1 1
N = 5 M = §~for full 0; ordering, or
- 1 .
N=1,M= 5—for partial ¢; ordering, or

N=131, M=1 for normal ordering.
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At outer iteration T (or optionally at an outer iteration number speci-
fied by input) the overrelaxation coefficients are re—calculated with

Eq. (716~14) using an L. norm estimate of the dominating eigenvalue of

L

the inner iteration process (pz) with no source and no overrelaxation at

each energy group.

Considering the Ll norm definition of Xtﬁ pz, the procedure is as

follows for t inner iterations with the definitions:

S,

1 t- l‘

A = ]
t
2:‘®1 -1 1 t~2l
L= A T A
t Aeer " reen

>
{
TN
=
ot
~—
/‘\
e
{ i
=i 3=
(ud (3
r—l
S~ —
Q
=]
[o )

He-1
Y=(>\t ) (:L ~——)‘t_l)
Mot L=

an attempt is made to extrapolate the eigenvalue estimate. The ex-

trapolated value

Am = xt + F (}t — At—;)

is used provided

“t < 0.9%99 ,

0.95 < X < 1.05 ,

A < 0.999 , and

— )\t

-]-_"""_‘_—T<3.0.
fos]
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Otherwise Kw = kt
proviced Xt < 0.9999 ,
X < (.9999 and

t-1 ’

0.9 <Y < 1.1.
Failing these tests, the overrelaxation coefficient is left unchanged
unless Xt > thl > At_z, in which case the new overrelaxation acoefficient

is the average of the one in use and that calculated with Xt.

Quter Tteration Strategy

Here we discuss assessment of the behavior of the outer ijteration
process and delays imposed on adjusting the parameters of the individual
procedures. When the flux values for successive iterations are available
at the same time {as when the Chebyshev process is applied), behavior of

the outer iteration process is assessed directly.

Let a. = —:L._’;.Elr-«.u...
i,n )
i,n~1
where Xi ; is one of the flux values (component of ¢n), and
I’

r = max (a, )

T i,n

s = min (a, ). (716-24)
n i,n

en = max‘ (rn - 1.0, S, — 1.0). (716-25)

.

the process is deemed to be not convergent, requiring that the accelera-

To judge the behavior of the outer iteration process, if #en' > ’enmz

tion parameters be reduced to effect a convergent process, after allow-

ing a reasonable delay in iteration count from the start, or after any
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action such as extrapolation or the start of Chebyshev acceleration which

as the

g ‘En*lf

would be expected to require a delay. (We have used

[
n

criteria in the past.) One failure of this test is allowed.

When succeeding outer iterate flux values are not readily avail-
able, the maximum relative flux change is estimated by a bound. Given
the values of rt and st for the inner iteration, at each energy group,

the estimate is

n
r, = max tgl T

n (716-26)
s, = min tgl St

over the individual energy groups. Quite generally the values obtained

from Eq. (716-26) are wider bounds than the values from Eq. (716-25).

The dominating eigenvalue of the outer iteration process is

estimated. We assume that

Xl n Xi n-1
W=y 2 ——X, (716-27)

i,n-1 i,n-2

We judge the datz ingignificant if for m = n and n-1,

s (r —1.0) r (1.0 ~—s)

m_m_ . >10, or T T _> 10, and set
(1.0 — s ) (xr —1.0)

m m
Y = ]En i (1.0 + €n«l);
mo Y 2.0 (716-28)
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otherwise using

r = 1.0 1.0 — s
! = &, r and U = B N g s
n,r ro_q ~— 1.0 n-1 n,s 1.0 S, n-1

the estimate of this dominant eigenvalue is

un,o - un,r Un,s (716-29)
Other estimates of 1 have also been used, for example the L? norm,
B 2
/ L5 n X )
= 1 (716-130)
My 2 P mx -
L (X5 ne1 T M nm2)
i
or the Ll norm estimate,
Z )Xi,n —_Xi;n~ll
= 1 = (716—31)
Un,l

% X a1~ %02

It is not practical to obtain Mo in this code which allows the source
2

and flux values to float to an arbitrary level making it likely that the

1

and reported when easily calculated without data access, as when

niumbers would excead machine range. The L, norm estimate un 1 is used
.

Chebyshev acceleration is done and for the forced extrapolation discussed

later.
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Together, the individual procedures act in a complicated way on the
overall process which displays interaction effects. Certain delays and
cycles are incorporated as found desirable from the behavior of represen-
tative test problems. These are discussed here. With line relaxation on
rows, for a problem containing R rows and P planes, R+ P ~ 1 sweeps are
required for the most remote boundary condition to propagate across the
space problem. Typically, there is a change in the iterative behavior when
this number of inner iterations have been done. However, it has been found

that the behavior should be assessed earlier.

[

Let R Number of rows
P = Number of planes

T = Number of inner iterations (minimum)

ao JRTP—1
T

.. a9 (716-32)
s max TI¥ 1

T
X = min [L, 2J]

L = max [R'+ Py 1.99, 10]

M= max [J + 2, K]
where

J is the initial delay in accessing convergence behavior,

M is the initial delay in applying extrapolation arbitrarily, and

K 1s the delay between arbitrary extrapolations.

Initiation of the Chebyshev acceleration procedure is normally delayed
until after the Qverrelaxation coefficlents have been reevaluated_(after
propogation), or 5 outer iterations for one~dimensional problems.

Asymptotic extrapolation is delayed 5 iterations whenever any action

is taken which would disrupt the outer iteration process preventing an
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approach to an asymptotic error mode. Extrapolation itself or
adjustment of the acceleration parameters cause such delay.

When Chebyshev acceleration is initiated or restarted after
asymptotic extrapolation or after the estimated eigenvalue spectrum
range has been decreased, start of the process is delayed one iteration.

Testing to reduce the overrelaxation coefficients is permitted only
5 iterations following restart of the Chebyshev acceleration process or
4 iterations following asymptotic extrapolation when inner iteration
behavior is examined (requires > 4 inmer iterations), or 5 iterations
after these events otherwise, and 5 iterations after any prior reduction
has been done.

When the minimum number of inner iterations done at any group 1is
less than 4, nonconvergence of the outer iteration process is used as
criterion for reducing the overrelaxation factors. However, if the
number of inner iterations done at any group is 4 or more and this inner
iteration process is deemed convergent, that overrelaxation coefficient
is not reduced the first time reduction of these coefficients is done
based on outer iteration behavior.

When the minimum number of inner iterations is 4 or more and
Chebyshev acceleration is not being done and after the outer iteration
count satisfies the set delays, if the outer iteration process is deemed
to be not convergent, all of the overrelaxation coefficients are
arbitrarily reduced using Eq. (716-23). This can occur no more
frequently than every other outer iteration. Note that once reduced,
an overrelaxation coefficient will not be increased later, except if they

were all reduced simultaneously.
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The continuing discussion addresses acceleration of the outer

iteration process.

Chebyshev Acceleration on Outer Iterations

We have experimented with procedures for acceleration of the
iteration process on outer iteration. The simple scheme of driving the
point fission source values is practical in some situations, but
generally has been found to be inferior to driving the point flux values,
so we justify the added processing cost for the latter. We tested
acceleration of the point flux values before calculation of the
inscattering source and found this to be quite effective; unfortunately
there is a complicated relationship between the dominant eigenvalue, the
driving factors and the eigenvalues spectrum range for which an explicit

S formulation has not been found. With this procedure the eigenvalue
spectrum range is smaller, or at least the factors must be smaller than
for acceleration on outer iterations, the more so the larger the number
of energy groups treated, a cascade effect. In early implementations
we relied on an estimate of the multiplication factor from the ratio of
integrated fission source between successive iterations, normalization
to effect the same source to establish the pseudo steady state condition.
The procedure now in use applies a scheme of dampening the estimates
from the source ratios which has been found effective. Also, asymptotic
extrapolation is used when Chebyshev acceleration is done to attempt to force
the point flux values to a solution when the behavior indicates this can be
done. Either single or double error mode extrapolation is done

simultaneously with Chebyshev acceleration, as discussed latar, and
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then the Chebyshev acceleration is restarted.

We note that regardless of how acceleration is done, the dominant
error vector eigenvalue must be estimated. In many situations we find
that this error vector is highly suppressed; it may not surface before
an adequate convergence level is attained and estimates of the eigen-
value may be hopelessly contaminated. We do rely on a continuing
assessment of behavior and continuing estimation of the dominant error
vector eigenvalue of the overall iteration process in progress.

There are unfortunate characteristics of the Chebyshev acceleration
process on outer iteration. The eigenvalue spectrum range must be
underestimated beeause the process is not convergent using driving
factors which are too large. The incentive is to minimize the number of
inner iterations done at each group to reduce the amount of calculation;
however, with an inadequate number of inner iterations or use of
overrelaxation coefficients too large or too small, severe contamina-
tion results which is hard to overcome. This complication causes us to
adopt a procedure of stopping the acceleration periodically and
restarting it. Quite generally the identification of a nonconvergent
process is difficult; large iterate flux changes can mean a divergent
process or effective acceleration. Thus a rather complicated procedure
is in use for evaluation. The details of this procedure have been
worked out in study of the behavior of many small problems and as many
problems typical of application as could be justified. We have relied

on the experience of others, some of which has been published,a and only

e, L. Wachspress, Iterative Solution of Elliptic Equations, Prentice-Hall,

Inc., N. J. (1966).
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selectively apply the procedure when deemed to be worth its cost. A
discussion is presented here about the implemented procedure.
When Chebyshev acceleration is initiated the equation applied

(pointwise) is

Oy = Ot fy (O — 9y1) (716-33)
and each outer iteration after this one,

b= ok v £ (0% — ¢ )+ e (b~ ) - (716-34)
But the value of the driven point flux value is restrained to

o0 = % | = mem [0 [62] [ona]

with account taken of negative flux values when calculated. Here n
refers to outer iteration, N is the outer iteration when the process
is initiated, ¢: is the newly calculated flux, ¢n the accelerated

flux, and fn and g, are acceleration parameters. The latter are de-

termined as follows. The Chebyshev polynominal recursion is used in

the form
Ty (®) = 1.0
Ty(b) = b
T (b) = 2.0 b'Tn_l(b) —T ,(), n>1, or
Tn—l(b] - 1 -
T (®) T () (716-35)
2.0b ~ Tﬁlg—g—
n~l( )

T . (b)
n-1 r—g~*-—
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where

b = 2.0 — UJZ + 111) )
= (716-36)
My ~ 1)

and Hy and M, are the lower and upper bounds of the eigenvalue spectrum,
respectively. Given the above recursion, the acceleration parameters
are determined for the early iterative history as

Hy + 1l

N 770 =y v ) (716-37)

e - 40 |a®p oo

oG
i

T,.1®
L = 2-0b ERON —1.0; or (716-38)

-
!

2
) 4.0 1.0 10 .nsN+2,
o T P R
U ) n-1

2T H

oQ
i

(1.0 + £)[1.0 = 0.5 (y + )] = 1.0 , n >N . (716-39)

Whenever the Chebyshev process is restarted, fN above is used but
thereafter asymptotic values of fn and g, are used.
Consider the acceleration Eq. (716-34). The new estimate of the

flux is obtained by applying the iteration matrix

* o
Yn 7 Moy s

i

¢ [+ fn) M _'fn] ¢’n_l + gn (¢n-l —w¢n—2)'

n

Define the error En = ¢, — P, and since Mg returns ¢_
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Ey=1Q+£)M—£1E ;+g (E |, —E )

Consider that asymptotically fn and g, become constants, and assume that
an error vector dominates, each component having the form

% Ai uin > Aun for n large,
i

and that this error vector must be driven by the dominant one of the

iteration matrix,
M- A,
These assumptions lead to

P [Q+ £)A - £l u+ g (- =0.

Given an estimate for u when the Chebyshev process is in use, an estimate
of the dominant eigenvalue of the iteration matrix (and hence the upper
limit of the spectrum of eigenvalues needed to select the Chebyshev

parameters) is given by

2
m +ufn+g

INCEEETy
p(@+£)

) = (716-40)

We seek the smallest value of p for maximum acceleration,

n o= %{[(1 + £)A — £ + g] 2N+ DA -+ g]° —4g } .

Note that for f = g = 0, p = XA as it should with no acceleration.
The values of f and g are related through the polynominal equations

for Chebyshev acceleration by
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where a is the lower limit of the spectrum. Assuming that A is known,

U= %{P ;a‘] 1+ f)i\f[[}mgj](l s f)]2 4f ¢ 200+ a) (L + f)} .

The largest value of U can be reduced to a point by increasing f, but

further increase in f causes it to have an imaginary component. This

occurs when

- 2
[ik ;—aJ (1 + f)] —4f + 2(A + a)(1 + £f) = 0, and

[A —a)
u =

i J(l + f) , or from above,

1r f o= e

(A —a)°

[2» A+a) -2V ~-a)(1—ﬂ} ,

the smallest value selected, and

u = '(’X“l?”é"){z - (A+a) —2yI-aa - A)J : (716-41)

Asymptotically, we expect optimum Chebyshev acceleration of an iterative
process having a dominant eigenvalue A to have a dominant eigenvalue u.
An estimate of u from the behavior of a problem may be compared with
this value to assess effectiveness. These eigenvalues are simply

related when the lower limit of the eigenvalue spectrum range is zero by

P

It is of interest to examine the gain in the rate of error reduction
with Chebyshev acceleration (asymptotic optimum). Values of j and A are

compared on the following page (a = 0).
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No Acceleration Optimum Acceleration
M) (W)
0.25 0.0718
0.50 0.1716
0.75 0.3333
0.85 0.4417
0.95 0.6345
0.99 0.8182

If the basic iterative process reduces the absolute error by
5 percent each outer iteration, the Chebyshev process optimally reduces
this absolute error 36.5 percent each outer iteration asymptotically,
an impressive gain. In practice such gain is not realized; there is
- smaller gain in the early history, contamination later, and it is
necessary to operate below the top of the eigenvalue spectrum band.
A better estimate of actual behavior we have used is A2.
The automated procedure for selection of the Chebyshev acceleration

process involves estimating the dominant error vector eigenvalue for a

selected one~dimensional problem (Sec. 718). An exception is the one-
dimensional problem for which the procedure is automatically applied.
Occasionally we find that there is a small negative error vector eigen-
value, which causes serious impact if ignored, so My is initially set
at -0.1 and left at this value; this may be altered with input data.
After starting or restarting the process, a set minimum delay is
imposed before the behavior is evaluated. Then if the outer iteration
behavior does not satisfy the criteria for a convergent process, the
procedure is restarted with a reduced value for the estimate of the

eigenvalue spectrum limit,
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2

= 1 J
U?.,l’l min [0.98, max (Hz’n__l N 0.75 pz’nml)]’ (716. *3)

where UZ,n~l refers to the value in current use. Equation (716-43) is
applied only twice, and then Chebyshev acceleration is discontinued if
the behavior is still apparently not convergent. The process will
later be restarted if the single-error-wode extrapolation criteria are
satisfied, Whenever the upper limit of the eigenvalue spectrum uz is
reduced, a new upper limit of 0.9 times the old value plus 0.1 times
the new value is used which is then gradually increased one percent of
the difference from unity each iteration.

The maximum relative flux change, € for iteration m, is saved
whenever the procedure is restarted. After the set delay, if ’En[ > 1.5
lam‘, the process is deemed to be ineffective even if the process is

judged to be convergent, Eq. (716-43) is used, and the procedure restarted,

but only if lau’ > Ho lenml[.

Given a convergent process when Chebyshev acceleration is in use,
the behavior is examined after the set delay in iteration count, or if
fn/fn~1 < 0.999. Asymptotic extrapolation may then be done as discussed
later, and then the process is restarted after a delay of one outer
iteration. When the asymptotic single-error-mode extrapolation criteria
are satisfied, My is reset to A from Eq. (716-40), extrapolation is done,
and the Chebyshev acceleration process is restarted after a delay of one
iteration.

The value of uz used for restart is limited to

B~-1.0+
1.0 Uzlpm
B

uz’n < 1l,where B = max[l.4, In (2 + /T;] and T is the

minimum number of inner iterations done, except that B is defaulted to



716-41

2.0 for one~dimensional problems.
When the iteration count from the beginning of the Chebyshev pro-
cess in this cycle exceeds the limit, the process (cycle) is restarted

g

unless !En! < le |€n—2’ and un,o < un,l’ where un,l is the L

n-—l| 1

norm estimate of the dominant eigenvalue of the process.

Asymptotic Extrapolation

Asymptotic extrapolation is used here to mean the attempt to
eliminate one or two dominating error vectors by driving the flux values
toward an apparent solution as indicated by the iterative behavior.

This scheme has proven to be very effective over a wide range of
problems. To be effective it is necessary that the contribution
dominates over that from other error vectors. This can be due to a
large separation in the values of the eigenvalues of the error vectors
or to large differences in their coefficients. Indeed that error vector
which will dominate asymptotically may have such low coefficients that
it does not surface before an acceptable solution is obtained, but
another with a smaller eigenvalue will.

When the iterative behavior of a problem indicates that an
asymptotic mode has established, an extrapolation is done on sets of the
outer iteration flux values.

Consider the outer iteration problem in the form

b .1 = 6+ XE)b, (716-44)
I

"

Lt XE)o ¢ _;?ETP_ XFo_ (716-45)
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Note that an error from the estimated value of the multiplication
factor enters the problem directly since the true value ke is not known.

This iterative process may be expressed as

bpep = M4 (716-46)

where Mn is the iteration matrix. Mn depends on the latest estimate of
the problem eigenvalue, the multiplication factor for the usual type of
eigenvalue problem or the eigenvalue of the direct search problem. For
a process which converges to a solution, the largest eigenvalue of M
must tend to unity; the operation M_¢_ must return ¢_.

It is assumed that the outer iteration flux vector can be expanded

into a set of linearly independent error vectors,

O, ™ P = QEe + 0, (716~47)
n

where Qn has diagonal entries Il He 3o and On is a residual error
L=m

(associated with the eigenvalue estimate), hopefully small and decreas-
ing as n increases. E, is the initial error vector, and the My 5
b

represent eigenvalues of the error vectors, eigenvalues of the iteration

matrix M .
n

The single error mode extrapolation procedure is based on one

error vector dominating asymptotically at each space energy point

X. —X. _=a.np", (716-48)

where a; is a constant and p the eigenvalue of the dominating error
vector. This recursion relationship yields the expression for the

eigenvalue
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W=y — , (716-49)
i,n-1 i,n-2

and the extrapolation equation to be applied is

Xi,oo = Xi,n + b(Xi,n _'Xi,n~1) (716-50)
where

_ u
b T —7

Alternatively, iterate values spaced two iterations apart may be
used by properly determining the extrapolation factor. At the time this

is written, we use

xi,00 = Xi,n + p(Xi,n -xi,n_2) , (716-51)
where
u2
P = 3
1 -y

The dependence of the extrapolation factor [for Eq. (716-50)] is
shown in Fig. (716-3).

Thus, the asymptotic single-error mode extrapolation procedure
uses information from three succeeding outer iteration flux values to
give a single factor applied to the most recent flux Valﬁes and those
from two outer iterations back to drive the iterate estimates toward an
apparent solution. The scheme is used to eliminate an error vector
which dominates asymptotically, or one which dominates at any stage of

the calculation.
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Of critical importance are (1) determining when one error vector
dominates, and (2) producing a good estimate of the eigénvalue of the
dominating error vector.

The single~error mode process is restrained. A maximum value for
b of 75 is used. A restraint is imposed which prevents the calculation
of negative flux values if all iterate values are positive and also

limits the Increase in value from the extrapolations,

|0 = 8| < min {0.9 Exp

¢n_1!] (716-52)

The equations are programmed to account for negative flux values when
calculated and any change in sign of the value of a flux at a point,

The asymptotic two-error-mode extrapolation procedure is less clearly
defined. Basically, it is assumed that the composite error vector is given

by

¢® - ¢n - bn(¢n - ¢n—l) + a4 (¢n~l N ¢n*2)'

This recursion relationship leads to the equation

q a4,
ny _ -1 _
un(l.O + bn + m ) = bn~ + (716~53)

n 1 Un-—l

where un is defined above. At some stage in the calculation, it is as-
sumed that the individual error vectors contribute in such a way that

the values of bn and q, are nearly independent of the outer iteration n.
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When so independent,

un—lun—z('un — Mhop)

q, * = 5T — - >
n un_z(l.o Un—l) un_l(l.o un)(l.o un—Z)

1.0 — .

n-1

b {‘“"**J
i TLo¥gog

n 1.0 -un

(716-54)

Note that a test for significance can be made on the denominator of the
equation for q,- In any event, a, = 0 defaults the equations to those
for the single-error mode.

The asymptotic two-error-mode extrapolation equation is

X. = X. + bn(xi,n — X.

X
1,® i,n 1,0~

DI Ne (716-55)

n“i,n-1 i,n—Z) >

applied to each flux value. An attractive feature of this procedure is
that the ecigenvalues of the two dominating error vectors may be a complex
conjugate set. The rather indefinite state of the contributions from the
individual error vectors which are required for the procedure to be

effective is a distinct disadvantage.

The criteria which are used to assess error vector dominance include
that the outer iteration process be convergent. Using the eigenvalue

egstimate Un 0. °F un 1 if Chebyshev accelevation is done, we require
b 3 3

le | < 10,

e | < le

n nwll n~2"

Boo< 0.99999,

0 - W
0.975 < T ] " < 1,025, for m = n and n-1,
- m-1 m
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and if Chebyshev acceleration is done on outer iteration, we also require
the value of un calculated from the max, min flux ratios on outer itera-—
tions to be < 1.0. If un < 1.0 and the other criteria are satisfied, the
outer iteration process is judged to be not convergent, over-accelerated

after allowing the delays in assessment.

First priority is given to the double-error-mode procedure,
applied when the following criteria are satisfied, using values from
Eq. (716-54),

<
w 0.99999

bn+qn>0,
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In addition, a new value for bn is obtained from

q
1 n-1 N R
bé = —;—{bn_l + - —q, “n} (716-56)

and the extrapolation is done only if

bl
0.5 < g= < 1.5
n
The bé is used instead of bn' Default is to the single-error-mode
procedure, applied when its criteria are satisfied.

The same restraints are applied to the flux values as for the
single-error-mode process-

Extrapolation is allowed only after the initial set delay in outer
iteration count, and after the set delay following any major change in
the process, as when extrapolation is done, or parameters are changed as
discussed earlier. Otherwise, the procedure involves a continuous check
on the iterative behavior for conditions allowing extrapolation. After
extrapolation, the overrelaxation coefficients are not permitted to be
adjusted for the set delay of 5 outer iterations; when the Chebyshev
acceleration process is used, it is restarted whenever extrapolation is
done,

When the minimum number of imner iterations > 4, the selection

of the number of innmer iterations at each group is reassessed ounly

when forced extrapolation, discussed below, is done:

XI, (g)

I]'l"‘l (g) = H}:\I;(—g“)— + 0.5 R (716—57)

restrained to

max [4, min In(g)j <1I ) < max In(g)

n+l(g
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where

1
I,(g)
X = max_[ln(g)]ﬁn max Un(g)

1
and un(g) is determined at each group by Eq. (716-30).
If any un(g) > 0.99999, extrapolation is not done and the
overrelaxation coefficient for that group is reduced.
It 1s possible to do simultaneous Chebyshev acceleration and

extrapolation, by redefining the Chebyshev acceleration parameters to

f; =b + (1.0 + b) L gé = (1.0 + b) g, + a4 , for double error mode lor

single error mode on successive sets), or
f; = (1.0 +p) £, + p3 g = (1.0 + p) g, * P,

N for single error mode extrapolation on alternate sets, and this is done with
one iteration delay after the parameters satisfy criteria for asymptotic
behavior.

Forced Extrapolation

A scheme of forced extrapolation is used in the event that the criteria
for other schemes of acceleration on outer iteration have not been gatis-
fied. After the set delay, outer iteration convergence criteria must be
satisfied, and these are tested again five iterations later if the tests
fail. Estimates are made of the error vector eigenvalues at each group

and overall based on the L, norm, Eq. (716-30), using three successive

1
outer iterate flux values. If a un(g) > 0,99999, the associated over-
relaxation coefficient is reduced by Eq. (716-23), and if the overall
estimate of un < 0.99999, single error mode extrapolation is done. The
estimate of the outer iteration error vector eigenvalue is used to initial-
ize the Chebyshev acceleration procedure when no estimate of the top of

the spectrum is available, as from the initialization one-dimensional

problem. Forced extrapolation may again be done after the set delay fol-

lowing any extrapolation, but not if Chebyshev acceleration is in progress.
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Estimating the Eigenvalue

After each outer iteration, each full sweep of the mesh points,
the eigenvalue is estimated from an overall neutron balance. If the
point neutron balance equations are summed, the scattering and internal
leakage terms cancel leaving only production, surface leakage and
absorption (plus buckling and internal black absorber loss) terms.

Therefore, for the usual eigenvalue problem,

(716-58)

where Pn refers to the total neutron production rate, and L, to the
neutron absorption rate plus the surface leakage rate, each determined
for outer iteration n. This estimate of the multiplication factor is
used the next outer iteration except when outer iteration acceleration
is done, or Chebyshev acceleration is done, or in the early history.
In the event that the sum of the distribution function for source
neutrons is not unity for one or more zones, then the totals must be
applied to the total production rate,
P, = g v, {g “Zf,z,g ¢Z’g] %'ijg‘ . (716-59)
Calculations of the losses to internal black absorber regions,
inleakage from adjacent regions, presents a bit of a problem. To avoid
a significant cost in computer time, this contribution to the overall
neutron balance is approximated as a calculation proceeds, which
involves use of all the latest point flux values available, but some

point flux values have not yet been recalculated for the last inner
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iteration., The effect of this approximation has been found to be in-
significant for usual situations where the total black absorber contribution
is a small part of the total neutron losses.

For the first iteration, the estimate of k is set to unity (lacking
other data, as from a preceding case), and for the subsequent iterations
it held at the initial value until
kn B kn~l < 0.05 , or
kO - kn

[e < 8 times required convergence,

N
where ko is the value used for the first iteration and kn is the value
calculated for iteration n. The first iteration that the initial value
is not used, % (ko

S The estimate of kn used when Chebyshev acceleration is done is from the

+ k ) is used.
n

source ratio shown below but modified to dampen oscillation. Considering

x=_1 1,

k

n~1 kn—2
-8
nothing is done if X < 10 H

let @ =1 “l .
X \kn kn~1

if o > 1.0, set to -1.0
if o > 0, set to O.
if o < -1.0, set to ~1.0

then the adjusted value is
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For the adjoint eigenvalue problem, the outscattering and
removal terms do not cancel. Therefore, the overall neutron balance
equation is complicated, and it would be expensive in computer time to
apply an overall neutron balance. So when the associated adjoint
problem is solved after a regular problem, the available estimate of

ke from the latter is used. When the adjoint problem is done alone, or
whenever Chebyshev acceleration is done, the source ratio estimate is

used except in the early history,

k P
kK = 22 B (716-60)
n P

n-1

This formulation is also used when solving the consistent P1 equations
or on user optiomn.
We have also experimented with other schemes to estimate the

eigenvalue of the problem. An attractive formulation is the estimate

N RN

i 716-61
e v )

when special access of the flux values is not required, which is the case
when Chebyshev acceleration is done on outer iterations; here, a matrix
form is used to indicate sums of the pointwise products. Another

scheme we have tested amounts to the assumption that the first energy
group flux values are a reasonable approximation of an adjoint weighting
factor. Saving these by zone from the previous iteration and applying

the weighting,

P (z) ¢ (1,2)

(716-62)

P () F 0,2

=]

e}

i

—
NN DT
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Some weighting of two or more values obtained by different ways
might prove to be superior, or one of them in a specific application
area, but such has not been established. (Oh for more complete
theoretical analysis?)

For other types of eigenvalue problems, the direct searches, the

overall neutron balance yields an estimate of the eigenvalue,

(716--63)

where the new terms APn and AAn are productions and losses associated
with the changes introduced through the search parameter. Generally a
A of zero means none of the material to be adjusted is added to the
system; the exception is the buckling search where the specified buckling
term is initially included in the equation constants, so the search is
done on the changes to it, zero A meaning no change.

To avoid trouble with initial error modes, a change which is
less than indicated by Eq. (716-63) is introduced during the early
iterations. Let X* be the value calculated from Eq. (716-60) and An

-1

be the value used the previous iteration; the formulation used is

= * - -
A A + CH(A An ) (716-64)

n n-1 -1
where Cn is initialized at a small value, say 0.1, and is doubled after
each time it is used until it exceeds unity, after which the estimate of
X given by Eq. (716-61) is used directly. In the event that the system
has a very low multiplication factor, Eq. (716-63) tends to be an

overestimate; therefore, if kn/ke < 0.5, where kn is determined from

Eq. (716-58), the factor Cn of Eq. (716-64) is not increased, nor is it
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increased during the first few iterations if 0,95 < kn/ke < 1.05. Other
techniques have been used, as to dampen oscillatory behavior. However,
it is quite important that asymptotic extrapolation be allowed; this
requires that the detailed treatment of each iteration be identical,
after the early history, or extraneous error vectors will be introduced.
Special care must often be taken when the iterate estimate of the
search problem eigenvalue is negative. This causes a negative
contribution to be added to the absorption at a point, decreasing the
diagonal dominance. Thus, for a subcritical system, one having an
associated ke considerably less than unity, the solution for a desired
ke of unity of a reciprocal velocity search involves a negative value of
A. At solution the negative absorption contribution from the A(1/v)
term may exceed that from the sum of outscatter and absorption, even at
solution. During the iterative process, if not controlled, negative
point flux values could be ohtained. The technique used for control is
to determine those values of A which cause the total removal term with
and without the diffusion coupling terms to be zero. Then the iterate
estimate of A is allowed to move only slowly from one value to the

other, and no negative point flux can be obtained,

The Indirect Search

Consider that the results are available for two succeeding
problems, namely, the multiplication factors associated with two
conditions representing different contributions from the search

parameters. Then use is made of the formulation

A= (716-65)
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where Cl and C, are constants to evaluate, k is the multiplication
factor, and A is the search problem eigenvalue. Equation (716-65) is
assumed to fail if [Czl > 10* as calculated, or if the estimated search
eigenvalue exceeds either of the first two values. In this event, a

linear approximation is used which gives the new estimate,

ki — ki
Mo A

Ki+1 = Ki + (ke -—ki)// (716-66)
where ke is the desired value of the multiplication factor, often unity,
and i refers to the index on the eigenvalue problem loop.

A third eigenvalue problem is then solved. Given three states and
the associated values for the multiplication factors, the formulation

. used is

C.k

A= G+ e (716-67)

where Cl’ C2, and C3 are constants to evaluate. Again significant
results are required, or Eq. (716-66) is used in default.
To allow old results to be used, an estimate is made of the change

in multiplication factor with change in the search eigenvalue

K k. — k.

N A i-1 .
A sy s Ay e (716-68)

and the last significant value of this derivative (calculated during the
process of an indirect search) could be made available if another search

problem of the same type were solved.
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The Fixed Source Problen

A special aspect must be considered if the procedure for solving
fixed source problems is to be effective. Given a fixed source, there
is an associated neutron flux level, provided there is a solution. This
solution may be far away from the conditions used to initialize the
problem. Quite generally, that error contribution which is hardest to
remove is associated with the flux level being far from solutiomn.

To remove this major error contribution, the source is scaled during
the iterative calculation. After each outer iteration, an overall
neutron balance is used to estimate the required level of the fixed

source,

{716-69)

where Pn is the fission source rate, Ln is the loss rate, and SO is the
total fixed source. The factor hn determined above is a multiplier on

the total source,

(716-70)

and therefore on the individual components of it.

Upon completion of the problem, the solution flux values are scaled
to give the solution associated with the specified fixed source. This
procedure applies in any situation where there is no feedback into the

problem. Note that the procedure allows the source to go negative if so
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calculated as necessary, The result of a calculation may be that a
negative source is required for the situation presented, and this is

generally deemed not acceptable.
When there are negative fixed source values, the factor is held
fixed for 10 iterations at

h =1.0, (716-71)

and once near convergence is again held fixed (hn = hn—l if the calculated
relative change is < 10—4).

Also for fixed source problems which have negative source terms, the
point flux values are allowed to go negative and scaling of the source is

constrained to a positive factor, hn > 0. Note the special initialization

of the flux for these problems, Sec. 718.

Extrapolated Eigenvalue

When extrapolation is done of the flux values some outer iteration
n, a new estimate is made of the problem eigenvalue. If the flux values
have been driven with the extrapolation factors b and g, then the summed

neutron production and external loss terms for the asymptotic situation

are
p = Pn + b(Pn ~ Pn—l) + q(Pan - Pn~2) .
L =L +b(@ -1 _)+al ;-L ) , (716-72)

and the eigenvalue estimated from this extrapolated data. When the
flux values are driven with alternate iterate values, the appropriate

equations are

a~]
i

co “n~-2

- P
Pn + p(Pn ) ]

) N (716-73)

=
il

Ln + p(Ln - Ln~2
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The latter procedure is especially useful when the behavior is
oscillatory, If the maximum relative flux change for the last iteration

exceeded 10 percent, only half of the changes in P and in L from the

extrapolation are used.

END OF SECTION
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Section 717: Optimum Number of Inner Iterations

The calculational procedure involves inner iteration on the fixed
source problem at each discrete neutron energy (each group). From
among a large number of possibilities, we seek an optimum in the sense
of minimizing the cost of solving a problem with emphasis on those types
of problems most representative of application. These include rather
large three-dimensional problems and also reactor core problems of modest
size treating one, two or three dimensions, cell problems, and critical-
ity search problems, treating from a few to many energy groups. .Usually
the solufion is far from the initial estimate of the flux distribution.
Also of considerable interest is the class of problems where there are
relatively small changes from one problem to the next, as in long-time
exposure (depletion) application, and a relatively good solution is
available for a succeeding flux, eigenvalue problem.

Minimizing computer cost may well require assessment of the al-
gorithm for allocating charges and performance characteristics of the
particular computer in use. Here we grant that the cost associated
with data transfer must quite generally be kept down, which requires
that an effective procedure be used for data transfer, that an effective
mode be used to balance computer memory and data transfer, which may well
depend on the rates of computation and data transfer, and that the data
transfer be efficient.

The major concerns are the use of an effective inner iteration pro-
cedure, which is addressed next, and selection of an optimum number of
inner iterations which is then addressed considering iteration behavior

and costs.
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Regarding an Optimum Tnner Tteration Procedure

It is of interest to examine the theoretical basis for optimizing
the inner iteration process in more depth. When the eigenvalues of
linearly independent error vectors are real, it has been shown that a
linear combination may be taken of the iterate error vectors, a
characteristic polynowminal resulis which yields the solution, given
sufficient iterations, and the Chebyshev polynominal is appropriate
for adjusting the overrelaxation coefficients.®

There are two basic difficuliies which limit the utility of the
information now available from theoretical analysis of the reactor
problem inner iteration process al one group. First, consider the
problem

¢n b T¢nw; +US

in the gense of an error vector behavior,

¢ - T¢n—2 + U8,

n—-1
¢n - ¢n~1 =T (¢nul - ¢nw2);
n

U B
E S b -6, = ME,

1 n-l =9, 74,4

= M -

(q)n"l (j)n-_z),
where the eigenvalues of the iteration matrix T lie on the main diagonal
of M. The influence of the start of inmer iterations each outer

iteration, and the-early behavior is of most interest, not the asymptotic

behavior for n large. Further there is the basic problem that an asymptotic

4., F. Richardson, Philos, Trans. Roy. Soc. London, AZIO (1910).
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error behavior can not establish until sufficient iterations have been
done to establish full communication, to sweep in the boundary con-
ditions, which requires essentially as many iterations as rows of points
with normal ordered line relaxation. The impact of this delay on the
early process, and of other aspects which affect the coefficients of

the error vectors, the initial error vector itself, can not simply

be assessed.

The gsecond difficulty is that with this form of error representa-—
tion, overrelaxation of the difference equations results in error vectors
which are not linearly independent. 1If we consider the matrix M, it con~-
tains pairs of eigenvalues. Without overrelaxation and using only last
iterate flux values, there are pairs of eigenvalues i~“j' Using newly

calculated values as they become available, the pair becomes (u 2,0).

h|
With overrelaxation, for 8 = 1, the pair is still (ujz,O), and increasing
B causes the two values to move together and be equal at the optimum

for a fixed value of B,, (A,,Ao). Increasing B causes these to become

a complex pair (a+ib, a - ib). At the optimum, the submatrix of M

. . . . a
associated with this pair requires an off-diagonal term

A, 1
N
0 A,
1
and the process goes as
3,2 23] 33,7
] J N ]
M2 = A 21 M3= 3 5
Lp i 0 Aj

ap. M. Young, Trans. Amer. Math. Soc. 76 (1954).
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or the contribution to the error for iteration n is

h = 2x -+ ni
n

& n-l (717-1)

Of course there is not an anomaly at 8 = B,; application results
show that error reduction is a smooth function through the optimum.
Thus in general the eigenvalue deficiency must be made up and the
submatrix of M has the form

Al
0 A,

over the range. (In what follows, everything should probably be multi-
plied by a leading-%, or associate a factor of 2 multiplied onto the

initial error vector.) For two real values, B < £,, the general result

is,
n n n n-k k-1
hn = A1 + Ao+ I A Ao, OT
k=1
_ B _.n
h = }\1[1 + }\21'1 + )\11‘1 1 [*}8 -{I s
n TR (717-2)
where o = Xp/Xd;. For two imaginary values, B > B,, we have the submatrix
a + ib 1 lele 1
= s s
0 a- ib 0 e ¥P

-1
where 8 = tan (b/a), A ';\/a2+b2.
successive contributions are
he = 2

hy = 2a + 1 = 2\ cost + 1

=
N
{

= 2(a? - b2) + 2a = 222 cos20 + 2Acos®,
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or in general n
n n~1 2
hn = 2X cos(nB) + A gl—k + 2% cos (23-k) 614, (717-3)
3=1
where k = 1 if n is even, 0 if odd, and [g] truncates down. Note that

if B = B, for max Aj’ for all other Aj, 8 >B.5 so all the other error
vectors should behave in this complicated fashion. An interesting
aspect of the off-diagonal contribution when B>B, is that the individual
terms involving increasing angles have positive and negative signs and
hence tend to cancel out, except for very small 6 or m, or as n takes
on very large values. As Aj decreases, 8 increases. Thus if for some
lj’ B is the optimum, for all other Xm < Xj’
h_(m) = 2@-D™ (8 + £(0,m)],
where £(8,n) is a symbolic function, and
hn(m) < hn(j), n larger than some rather small value, The contri-
butions from the error vectors assoclated with all Am continue to make
a contribution, but this decreases relative.to that from max Aj. 1f
this were not so, it would be practical to occasionally make a sweep

without overrelaxation to cause the contribution from those error vectors

having small eigenvalues to be suppressed. Application testing also
For B < B,, as n increases, h > A n-1 [A, + —l—q + 2P s
o L 1 1 17 2

- 1 _
A [}xl +—i':5], but for B8 = B,,

ho= @-1D" (2 (@ -1)+n],

and the off-diagonal term dominates for n large.

1f we consider the ratio of the error contribution at one iteratfon

to the previous one,
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The equations and behavior for n large hut not too large are;

n
— 1
Al 4D l[e;ilw]
> A

p L2 1 Lo %Ay, B<Bo
n—-1 n-1 n~2 fl-p
Ty el [ ]
’ 2(8_1) + n q - (B-——-l)’ 8::80,

={ (8-1
En S (6-1) {2(8—1) + n-1 (T17-4)
o Te s fe,n) T o
\(B b 18 +E(E,n-1) | v <(B-1), BB

If the eigenvalue pair were real and equal, having the values

(Xj, ki) for j > 0and X, =1, successive operations by,

A, 1
J
0 X,
3
yields
n n 0
h =21 A +I T A,
n j=o J k=1 j=o0 ~
jtk

This expression properly simplifies when all Aj are equal. However,
an acceptable vesult is not produced when the pair is complex conjugate
because the operation

a, + ib, 1

3 ]

0 a, - ib,

produces a dangling imaginary component. A resolution of the discrepancy
is not known.

The Chebyshev polynominals are appropriate to minimize the error

contribution when the error vectors are independent, if real,

n
hn =jzo Aj’ or if imaginary with the operation
a, + ib. 0
0 a, - ib
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if account is taken of the situation.® The optiumum for the actual
situation of the inner iteration process of interest is not known due
to complexity from the vector deficiency.

A simple fixed source, homogeneous, no sink, uniform mesh problem
was solved by oy ordered line overrelaxtion. Error level was measured
as the sum of the absolute relative differences from the results for a
well converged solution divided by the number of unknowns, an average
absolute relative error. Results are shown in Table 717-1. For these
cases the flux values were set equal at a reasonable level considering
the solution; the initial average absolute relative error was 2.96 for
the 10 x 10 mesh and decreased to 1.05 for the 100 x 100 mesh. These
predicted number of iterations were obtained by determining the ad-
ditional number of iterations required to reduce the error from 0.01
to 0.0001 (or to 0.00l lacking significance) assuming error decay as
max A" for N, normally A ={8~1), and as (Svl)n (B-1 + n/2) for L.

The behavior is substantially as expected, excepting the anomaly
in the vicinity of 3,000 meshpoints, which is associated with initial
suppression of the error vector having the largest eigenvalue, and the
behavior of the larger problems using B slightly larger than B,, which
we address later. For B < B,, relatively rapid reduction of the contri-
bution from most of the error vectors appears to cloud the picture of

how those with the larger eigenvalues behave.

%L. A. Hageman, "The Estimation of Acceleration Parameters for the
Chebyshev Polynominal and the Successive Overrelaxation Iteratiom
Methods," Atomic Fnergy Commission Report (June 1972). WARD~TM~1038
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Table 717-1, Behavior of the Inner Ilteration Process
Mesh Points Max U.2 Bo B used Number of Iterations B
] to Reduce the Error to Predicted
0.1 0.01 0.001 0.0001 N L
10% = 100 .85034 1.4421 1.0 13 27 42 41,2
1.05 12 25 37 50 50.5
1.4421 4 8 11 15 13.6 14.3
1.87 14 30 47 46.5
1.8844% 16 33 51 51.7
1.9 17 38 58 59.9
192 = 361 95194 1.6404  1.6404 7 15 19 26 25.3 26.6
20% = 400 .95631 1.6542 1.5772b 10 22 33 45 44.7
1.6542 7 15 20 27 25.8 27.%
217 = 441 96010  1.6670  1.6670 8 16 21 28 27.3 28.7
30% = 900 .97969  1.7505 1.7505 9 21 28 38 37.0 39.1
40% = 1600 .98833 1.8050 1.8050 9 25 35 48 46,2 49,2
502 = 2500 .99244 1.8400  1.8400 9 25 39 52 51.4 55.8
607 = 3600 .99471  1.8644 1.6864b 18 69 150 146.6
1.8644 10 30 45 63 61.6 66.9
702 = 4900 .99609  1.8823 1.8823 14 38 59 80 74.8 80.6
802 = 6400 .99700  1.8961  1.8691 21 46 72 94 88.2 94.4
1.9 20 i 63 82 87.7
81% = 6591 .99707 1.8973  1.8973 21 47 73 96 89.5 95.6
82% = 6724 .99714  1.8985  1.8985 22 48 74 97 91.0 97.4
90% = 8100 .99762 1.9070  1.9070 26 55 83 108 102.2 109.0
1.915 25 48 63 104 99.8
1.92 24 47 77 102 102.2
100% = 10000 . 99807 1.9158  1.9158 31 63 94 122 135.3 122.8
1.85 56 145 227 234,

a . , , .
Real and imaginary components equal in magnitude.

b . .
Largest eigenvalue twice the smallest one
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We consider a reasonable measure of convergence level to be the max-
imum relative iterate flux change. Data for the reference cases (using
B,) are given in Table 717-2 which shows the average absolute relative
flux error to be about a factor of five less than the iterate maximum
relative flux change, but decreasing significantly for the larger and
more slowly converging problems. The maximum error would be expected
to be considerably larger than the average.

Applying the Chebyshev polynominals to the overrelaxation coef~

ficfents involves the formulation:

(10, ¢ =1
4 2.02 Ct =2
2.0 ~p (g) (717-5)

@ B
L' P t—l(g

Here t refers to inner iteration with normal sweeps. With Ol
ordering, t refers to each sweep on alternate points so the overrelax-
ation coefficient is adjusted at the start of and midway through the
inner iteration sweep, the so-called cyclic Chebyshev procedure.a

The 50 x 50 meshpoint problem was solved with application of the
Chebyshev polynominals, and without these,varying a fixed overrelaxation
coefficient in the neighborhood of B,. Results are shown in Table 717-3
for three different methods of absolute error level measurement and with
the level of the initial flux wvalues varied. DNote that the apparent

optimum value of B8 is near B, and that use of a larger value doas unot

2r. s. Varga, Matrix Iterative Analysis, Prentice-Hall (1960)
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Table 717-2. Comparison of Flux Change
with Absolute Convergence

Maximum Iteration Relative Flux Change at
Meshpoints Average Absolute Relative Error Levels
0.01 0.001 0.0001
102 .052 .0037 .00019
2072 .038 .0094 .00034
302 .035 .0061 .00026
40° .047 .0076 .00042
502 .10 .0098 .0015
602 .10 .0056 .00094
702 .15 .0037 .00038
802 .037 .0024 .00024
902 .018 .0014 .00015
10072 .013 .0011 .00010
Arithmetic Average .059 . 0051 .00045
Average, f&n basis .046 .0041 .00033




Table 717-3.
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Effects of the Variables on the
Behavior of the 50 x 50 Meshpoint Problem

Relative Iterations to Effect Error Level Reduction ,
S o E | L B B RS e
1,0 1,0
.0L___.0001 .01 .0001 0L L0001
Fixed Overrelaxation Coefficient
1.81005 4 15 63 15 61 27 75
1.82005 4 15 57 15 57 26 69
1.83005 4 15 50 16 49 25 61
1.83505 4 17 48 17 49 25 57
1.84005% 4 19 49 19 50 25 54
1.84505 4 20 50 20 52 25 52
1.85005 4 21 50 20 52 27 55
1.85505 4 21 52 21 55 29 59
1.86005 4 21 56 22 56 31 61
1.840052 1 38 67 39 69 35 65
1.84005% 15 30 61 34 64 34 64
Chebyshev Polynominals Applied
1.84005% 1 33 58 34 59 27 54
1.84005% 4 21 50 31 57 31 58
1.84005% 15 25 56 28 57 30 58

°8 = 8,
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effect improvement for the reference initialization. This behavior
is associated with initial suppression of one or perhaps several of the
error vectors having the larger eigenvalues. The other initialization
conditions show a gain from use of a value of B > B,.
Although the error reduction effected depends on how and when it
is measured, these results indicate a gain from applying the Chebyshev
polynominals except for that case where the initialization appears to
suppress the error vector having the largest eigenvalue (eigenvalue
pair). When so suppressed, the optimum is a smaller value rather than
the value B, causing the eigenvalue pair to coalesce, or than the even
larger values which result from application of the Chebyshev polynominals.
Shewn below are results for the 80 x 80 meshpoint problem as depend-
ent on the value of a fixed overrelaxation coefficient; only slightly
different results were obtained using different measures of absolute

error level.

Fixed Iterations Required Appareat
Overrelaxation to Reduce Error Level to Decay
Coefficient .01 . 0001 Rate
1.894 48 101 .9168
1.8961° 46 94 .9085
1.898 45 87 .8962
1.90 44 82 . 8859
1.901 43 80 .8830
1.902 43 83 .8913
1.904 42 89 . 9067
1.906 42 91 .9103
1.91 42 91 .9103
1.92 49 104 .9197
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The optimum is appavently above the coalescing value B,. It
appears that the form of the error contribution shown above admits an
optimum slightly larger than B,; a small increase in B causes a relatively
large increase in 0. It is noteworthy that application testing usually
indicates that a large coefficient is effective in the early iterative
history for bringing down the error level, but the optimum fixed wvalue
decreases as the desired error level is decreased, entirely consistent
with the application of the Chebyshev polynominals.,

Some of the problems treated above were solved in several ways
adjusting the overrelaxation coefficient each iteration applying the
Chebyshev polynominals. O0f special interest here is application when

only a few inner iterations are used between new source calculations.

We have become suspect of the use of a value of unity the first
iteration and then a relative large value, so testing was done
omitting the usual first two terms; we found that this caused a little
decrease in the effectiveness, but far less than omitting only the
first term. Simple upper bounds on the first value of the coefficient
were tested which caused initialization well down the series. Except
for the anomaly in the neighborhood of 3,000 meshpoints, a gain was
quite generally found with application of the Chebyshev polynominals.
Restarting the cycle becomes less efficient as the value of B, increases.
Constraining the maximum value may not be the optimum, but if the pro-
cedure applied involves restarting within the inner-outer iteration
procedure for solving reactor problems, it may be prove desirable as

found to be true in these tests.
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Quite inferior results were obtained when only the first term
of the series using Chebyshev polynominals, 8 = 1, was dropped; it is
practical to drop two terms but not one. Testing was also done
alternating between two values of the coefficient without significant
gain; it was noted that the error levels were independent of the order
of use of two values.

Results are shown below for problems slightly different from those
treated above which show the number of iterations required to effect

an absolute error level, line relaxing along the first dimension:

Iterations Required

Scheme/Mesh Size (Points) 40%40 40x80 80x40 80%80
Normal Ordering 60 86 73 122
Normal Ordering, Chebyshev 55 87 72 120
9 Ordering 47 60 60 98
01 Ordering, Chebyshev 41 52 53 81

The advantage from the 0; ordering is clearly demonstrated; it
shows the largest gain for the rectangular mesh with line relaxation
along the short rows. A primary reason for this gain is believed to be
propagation. For normal ordered sweep, R iterations are required for the
first row to feel the influence of the remote boundary condition, where

R is the number of rows of unknowns; full propagation occurs with 01

ordering at R/2 iterations in two dimensions with relaxation on rows.
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We note that there can be considerable gain from suppression of
the error vectors having the larger eigenvalues. Full advantage of
this gain can not be taken when a procedure is used which determines the
largest eigenvalue whether or not the associated error vector makes sig-
nificant contribution. Suppression of those error vectors having large
eigenvalues is a challenging subject, to practice and theory. The
classical situation often found in application is that when control rods
are repositioned, the problem converges more slowly starting from the
result for the initial position than if a flat flux were used. Note
that one selected procedure may prove superior to another one for a
particular problem but inferior for another problem, severely impacting

evaluation of methods.

Inner Tteration Threshold

Acceleration is done on outer iteration, continuous application of
the Chebyshev polynominals in accelerating iterate flux estimates, or
occasional extrapolation to an apparent solution. The effectiveness of
these schemes depends on effective error reduction during inner itera-
tion and error vectors of the outer iteration process which are simple
and linearly independent. Significant contamination of these error
vectors can be expected to cause the acceleration schemes to be inef-
fective. This would result, for example, if the number of inner
iterations at one energy were not held fixed. Thus there can be a
threshold number of inner iterations required for effective accelera=-

tion on outer iteration. It is known that such threshold depends on
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the problem, or at least on the class of problem, and on the procedures
applied. For example, the single error mode extrapolation procedure is
usually effective even with only one inner iteration, but there are some
problems for which it is not.

When the procedure of calculation involves assessment of inner itera-
tion behavior to make changes, as in the overrelaxation coefficient, some
minimum number of inner iterations are required. This is necessary to
obtain adequate information about the behavior and to cause stabilization
of the process for the new source that outer iteration. If there were a

single error vector dominating the iterative process

=4y =T (8 = 6p),

and one expects little useful information after one iteration, useful
information after two iterations, and three iterations allow compari-
son of successive estimates cf the eigenvalue of the dominating error
vector. At least two inner iterations is a minimum if inner iteration

behavior is to be assessed in any detail.

The Nature of Cost Optimization

The cost to solve a specific problem may be estimated by an approxi-
mation which is intended to allow for allocation of charges (cost C in
equivalent processor time),

C=0N (q+J) +r, (717-6)

where N is the number of outer iterations, J the number of inner itera-
tions, q the ratjo of the special cost associated with each outer itera-

tion relative to that associated with each inner iteration, and r allows
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for overhead. For those modes of calculation where more inner itera-~
tions can be done without additional data transfer, data transfer cost
is associated with outetr iteration and q increases with increase in the
cost of data transfer. This increase may be caused by increase in the
amount of data, decreased efficiency, or by effects of aspects of the
algorithm for allocating charges.

Quite generally the number of outer iterations decreases as the
number of inner iterations is increased, N is sensitive to changes in
J when J is small and should take on an asymptotic value for large J.

For a specific problem a reasonable but simple correlation is

N = a +1J’— , (717-7)

where a and b are constants, undoubtedly problem dependent. WNote that
this correlation may well be adequate over a narrow range of the values

of J. The cost is now given by
- bg
c= (ag+ b+ 1) + 7 + aJ.

Setting the first derivative equal to zero yields

g/ . (717-8)
a

The optimum number of inner iterations increases as the outer iteration
cost increases relative to imner iteration cost, and increases with in-
crease in the sensitivity of the number of outer iterations to change

in the number of inner iterations. Note that there may be some thresh-

old value of J.
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A problem was selected which needs large overrelaxation coeffi-
cients and which converges rapidly on ocuter iteration when a large
number of inner iterations are done, has a small amount of data trans-
fer but requires sufficient computer time to generate significant cost
data. It is a two-dimensional two-group flux, eigenvalue cell problem
for a water reactor, reflected on all sides. Results from application
of a specific procedure for a mesh of 96 x 96 meshpoints (2 groups,
18,432 unknowns) are shown below for an overrelaxation coefficient of

1.93091 in the first group:

B ; N P;ocess?r Timé for Local Job Cost ($)
fteration (min) Processor Total
1 137 2.36 11.0 19.6
3 66 1.73 8.5 4.4
4 47 1.53 7.5 13.0
6 36 1.52 7.5 12.5
8 27 1.41 7.3 12.2
10 24 1.54 7.6 12.3
12 22 1.64 8.0 12.6
15 19 1.68 8.0 12.6
20 14 1.64 7.8 12.2
40 9 2.07 10.0 14.3
80 8 3.56 14.5 18.7

The dependence of N on J is relatively smooth with variation as-
sociated with effectiveness of the outer iteration acceleration pro~

cedure. Processor time allocated to a run depends on the work load



717-19

on the machine under multitasking, as does allocated cost.

Both processor time and cost are rather flat over a large range in
the value of J. An estimated value for a q of 2.0 is obtained from pro-
cessor time, 4.0 with cost data, but dependent on weighting of the data.
Using an extrapolated value of 3.5 for a, b is about 200, and b/a = 57,

which yields an optimum value of 11 for J from Eq. 717-8 for q = 2.

Contamination from Inner Iteration

Theory yet provides us with little information about contamination
of the outer iteration process from truncation of the inner iterations.
Thus we seek a correlation. To be reasonable, this must account for
large contamination at small J and take on an asymptotic value for
large J. Here we take the view that this contamination does not cause
the outer iteration eigenvalues to take on imaginary components, but
rather that the real values are increased.

Consider that a near optimum value of the overrelaxation coefficient
will be used. The dominant error vector of the inner iteration process
is expected to contribute in the amount

J-1 J
[B8 -1+ 51 .

(& -1
Note that for B = 1.93091, it requires J = 46 to reduce this contribution
below its initial level. Experience tells us that it does not take this
many inner iterations each outer iteration to effect error reduction;
the optimum is many fewer. However, if this error vector makes signifi-

cant contribution we can expect that the product of the number of inner

and outer iterations must indeed reduce the contribution,
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1

(8 -1 -1+ g-‘-’— 1< 1.

For this problem, reduction from its initial level starts at NJ = 46,
and reduction by a factor of 10 occurs at NJ = 86, and by a factor of
100 at NJ = 123,

We would not expect any outer iteration acceleration procedure to
be effective before this error contribution starts to decrease unless
the error vector wers highly suppressed. The peak value of this error
contribution occurs at

~1
T (-1 2 (8~1),

NJ =
or at NJ = 12 for the reference problem. We suspect from application
experience that Chebyshev acceleration on outer iteration will not
generally prove effective if started before this error contribution is
less than unity.

If the new source each outer iteration caused re-excitation of
the dominant inner iteration error vector, many more inner iterations
would be required than found to be necessary or the optimum in usual
application.

A reasonable approximation of the reduction in the contribution
from all inner iteration error vectors each inner iteration is (f-1).
Given J inner iterations, we approximate the reduction in error contri-
bution as (B-l)J. A formulation for contamination which satisfies the

endpoint values of J = 0 and J > ®, and includes a free parameter O
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to allow adjustment for the effectiveness of iteration is

y = M @-0) (@-1)™, (717-9)

This equation was applied to the reference problem with a selected
value for o of 1/3 and an estimated value of 0.231 for A. Shown below
are estimates of the dominating outer iteration error vector eigenvalue,
estimates from Eq. (717-9), and the expected number of outer iterations

required to reduce the associated error contribution to a relative level

of 0.0005:*
v Estimated
J N Estimated from the Eq. 717-9, Outer Iterations
behavior by the code o= 1/3 (no acceleration)
1 137 .992 .982 418
3 66 . 948 . 947 140
4 47 .935 .930 105
6 36 . 866 . 897 70
8 27 . 855 .866 53
10 24 .850 .837 43
12 22 .831 .810 36
15 19 772 .769 27
20 14 .749 .708 22
40 9 .523 .527 12
80 8 .313 . 345 7

The calculated number of outer iterations is interpreted as an

estimate without outer iteration acceleration. The calculations applied
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asymptotic extrapolation but not Chebyshev acceleration. The case ap-
plying 20 inner iterations was resolved not allowing extrapolation, and
20 outer iterations were required to satisfy the specified convergence.
(The case applying 80 inner iterations also did not apply asymptotic
extrapolation.) Note that if we seek an optimum value for J from the
predicted behavior without acceleration at an outer to inmner iteration
relative cost of 2, the apparent optimum J is about 20, but with ac-
celeration it is much less. More effective outer iteration acceleration
could shift this value even lower.

Cases were run to test the dependence of the number of outer itera-
tions required to effect an adequately converged solution, on the value
of the overrelaxation coefficient. Recall that 27 outer iterations were
required for the reference case above doing 8 inner iterations and using
overrelaxation coefficients of 1.93091 in the first group and 1.89665 in
the second group with application of Chebyshev polynominals to the coef-
ficients starting well down the series. The results with a fixed coef-

ficient, same value in each group, are:

B Outer Iterations v
1.911 35 .895
1.931 30 .842

1.951 38 —
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Shown below are selected results for coarse meshpoint arrangements.

We estimate little dependence on A of the mesh.

Processor Estimated from Y Estimated

Space B J W time the behavior Eq., 717-9 Outer Iterations

Points (min) by the code (o = 1/3) (no acceleration)
122 1.7050 4 10 .038 .30 714 23
10 8 .040 .20 JATL 10
20 7 . 046 .20 .306 6
24> 1.804 4 17 .093 .66 .806 35
10 11 .085 .48 .602 15
20 9 .112 .32 41 9
482 1.882 4 33 41 .85 .881 60
24 13 45 .59 . 564 13

Although the values of ¥ are not in good agreement, the predictions
of the required number of iterations are reasonable. For many inner
iterations, the behavior does not stabilize to allow an accurate estimate
of the eigenvalue and extrapolation, while for few, the gain from extra-
polation about halves the required number of iterations for these small
small problems. The code estimated value of Y < A is not explained.

Other approaches to correlation of outer iteration contamination
from inner iteration truncation have not been successful. Unfortunately
we find that the value of a in Eq. (717-9) has some dependence on problem
type yet unpredictable, although it often is 1/4 to 1/3. The use of

other free parameters does not appear useful in this form of correlation.
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To seek an optimum with outer iteration acceleration, a revision is
needed to Eq. (717-9) to account for its effect. Basically we expect
there is an effective value of v, Ye < v, which accounts for the behavior.
This may be the next largest eigenvalue of the outer iteration error
vectors, assuming they are real, etc., when asymptotic extrapolation is
done, or some effective value when Chebyshev acceleration is applied.

A number of considerations including the need for a simple minimum point

lead to the form,

Y A e 0
v, = A ) @D, (717-10)

where ae is an iteration effectiveness factor.

Using the cost formulation above, the apparent optimum number of inner
iterations is given by satisfying

—av o _ 1
. +
Nd.J 4 J

Considering a fixed reduction in the error contribution,
N

Ye = constant
1 e 1.
. +J
Y@%nye dJ q,+J

dYe &y - A) a fa (B-1);
Ej = e e

(a +3) (rg = 2) fn [(B-1)%€]
YelnYe

(717-11)

where Ye is given by Eq. (717-10). These equations do not admit an
explicit solution for J, but it may be determined by careful iteratiom.
Note that we may be interested in the value of Yy from Eq. (717-9) for
preselection of the iteration procedures.

It may be noted that if Eq. (717-9) were applied to the individual
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eigenvalues of a set of error vectors, these formulations apply with
Xe replaced in Eq. (717~10). However, this would predict that these
eigenvalues move closer together as J decreases, Xz/ll decreases in the
dominance ratio sense, which would tend to cause asymptotic extrapola-
tion to be less effective, a behavior not usually found in application
testing.

Representative values of Y, as dependent on a, and J are shown

below for Ae = A = 0.231 and B = 1.93091 from Eq. (717-10).

a/J 5 10 20

2.0 . 607 415 .275

1.5 . 681 494 .321

1.0 .769 .607 <415

........ .75 .819 . 681 494
.5 . 874 .769 . 607

.25 . 934 . 874 .769

The apparent optimum value of J for the reference problem using o,
= 2,0 is 8 inner iterations using Ae = A, compared with 23 for a, = 1/3.
Quite generally both Ye and the apparent optimum value of J decrease
as o increases. If J is to be reduced, Ae must be increased rather
than decreased which would seem more realistic.

A few representative values of the apparent optimum J are
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shown below for iteration effectiveness factor ae = 2.0 and cost factor
9, = 2.0:
B/A 2 5 .8 9
e
1.5 2.2 1.8 1.6 1.5
1.8 3.9 3.0 2.6 2.5
1.9 6.5 4.8 4.1 3.9
1.95 10.2 7.3 6.1 5.9

Reducing ae to 1.0 and increasing q to 3.0 yields:

B/Xe .2 .5 .8 .9
1.6 4.1 3.2 2.8 2.7
1.8 7.1 5.4 4.7 4.5
1.9 11.6 8.5 7.2 6.9
1.95 18.2 13.0 10.8 10.3

Quite generally we find that the optimum number of inner iterations
is small except when f is very large or when many iterations are required
to effect propogation across the space mesh. The optimum with Chebyshev
acceleration on outer iteration is apparently not well defined. Whereas
in many instances of implementation a large number of inner iterations is
automatically set to protect against contamination of the outer iteration
process, we have chosen to adopt a procedure which generally is relatively
effective when fewer inner iterations are done. It is true that the

higher the cost of outer iteration relative to inner and the more the
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effect of truncation of inner iteration, especially impact on effective

acceleration, then the use of more inner iterations is best.

Inner Iteration Error Reduction

If the error contribution associated with inner iteration has the
form
aJ
E(B,J) = A(B-1) ", (717-12)
where A and o are constants, then the number of inner iterations re-
quired to reduce this error from its initial value to a set, relative

level, is given by proportionality with some factor X,

W

EE?%:ES"' (717-13)
Other estimates of the contribution, as from the dominant inner iteration
error vector, lead to other formulations.
Considering the contribution at any energy group, the reduction can
be made the same as that at the group where the overrelaxation coefficient

is the largest by requiring

in(B_~1)
-3 e
g max Qn(Bmat*l)

J . (717-14)

Propogation

A reliable sclution to a problem can not be assured unless the number
of sweeps of the equations causes full propogation. Indeed we find that
given L sweeps to effect propogation, from one to four times this number
of sweeps are required. This places the minimum number of required sweeps
at about

NJ > 2.5L, (717-15)
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where
r
R + P-1, normal ordered,
L 2-1 §»+ P, partial Ol ordered,
1 (R +P), 01 ordered.
2

»
To reduce the contribution from only one error vector having an

eigenvalue of ¥y by a factor of ,01 in the sense of
YN = 0.01,

and set a minimum value on N of 15, then

2.5L
Iz max [15, %n .01]
Lny

(717-16)

Note that Yy must be an effective value which accounts for the gain from
Chebyshev acceleration or asymptotic extrapolation, or the level of error
contribution reduction be reduced accordingly. More iterations may be
required to effect propogation than to reduce the error contribution,
Eq. (717-16) vs Eq. (717-14).

It may be of interest that we have observed that sometimes changes

which cause B to increase tend to reduce A (or V).

Concluding Remarks

The procedures in the VENTURE code tend to be most effective if 4
or more inner iterations are done, or if 1 inner iteration is done. We
have sought evidence that an odd number of inner iterations would be more
or less effective than an even number, but have found none. For a wide

range of problem types representative of applicatrion, we have found that
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the use of 4 inner iterations is more effective than 5 or more, unless
there is a severe penalty from the cost of an outer iteration (high
relative cost). This penalty tends to increase as the number of groups
increases (more scattering calculation involved), and as the amount of
data transfer increases, especially if relative cost of data transfer

is high or the impact from the associated increase in clock time is a
real penalty in application (increasing turn-around or limiting computer

availability for such application).

END OF SECTION
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Section 718: 1Initialization

This section discusses the procedures implemented to initialize a
neutron flux eigenvalue problem. The objectives here are to

1. Provide a reasonable flux guess which hopefully has the

error vectors with largest eigenvalues suppressed,

2. Select from the implemented procedures a set which appears

the best considering computation cost, and

3. Initialize the iteration parameters at values expected to

effect a rapid rate of convergence toward a solution.

An existing set of the flux values may be available for use. It
could be the solution for a similar problem. Situations are known for
which seemingly small changes in a system cause the solution for another
problem to be a poor starting point, as when control rods are
repositioned. However, considerable reduction in computation time is
associated with use of the previous solution to start each problem for
discrete step depletion calculations. The capability is incorporated to
perform a linear interpolation of the flux values when a finer mesh
point description is presented; this expansion from a coarse-mesh result
is appropriate only if the number of mesh points has been increased
regularly along any one coordinate (for example, doubled along each
coordinate, or each two replaced by three).

On user or control module option, the flux values are recovered
fram an available flux file, initialized as described below, or set
equal. Generally for an adjoint problem, the flux values in all groups
are set equal to the available regular flux values for the first energy
group. The one-dimensional procedure discussed below is not used when
there is only one group. It is not used if there are less than 144

space points and the problem to be solved will be contained in memory,
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but rather the overrelaxation coefficients are set with the default
procedures and only one inner iteration is done at each group.

Also, for successive accesses of the neutronics code in the
computation system after the first access, certain data is automatically
saved and recovered which eliminates the need to apply the initialization
calculations. Fluxvalues are recovered from the appropriate interface
file RTFLUX and overrelaxation coefficients and Chebyshev acceleration

data are saved and recovered on the end of file RZFLUX.

Use of a One-Dimensional Problem

The recommended initialization procedure involves solution of a
one-dimensional problem selected from the multidimensional mesh. A
zone (of uniform nuclear properties) is selected on the basis of

G
max Vv, ) sz,g , (718-1)

g=g3min 2

a dominant fuel zone. A mesh point is found which lies in this zone and
on a row which is away from zero flux or nonreturn boundaries (near
reflected boundaries or toward the middle). The multidimensional

coupling coefficients are adjusted for this row to delete the coupling
terms with points on neighbor rows. Complicated boundary conditions are
replaced with simple ones (e.g., repeating with reflected). Black
absorber points are eliminated simply by setting the coupling coefficients
equal to that for the nearby point outside of the black absorber zone.

(A sink here might be added to improve the flux solutiomn.)
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The procedure involves

1. A direct buckling search to effect a near critical situation,

2. Inner iteration on the space problem at each group with no
source, point relaxation, to predict inmner-iteration behavior,
and

3. Continued outer iteration to produce data about the outer

iteration process and a reasonable initial flux distribution.

The criticality search calculation is done with simultaneous solution
of the flux values along the. row at each iteration. An absorption cross
section contribution is included in the total loss coefficient at each
point after each outer iteration, as indicated to be necessary from an
overall neutron balance with constraint applied during the first few
iterations (see discussion about criticality searches). This iterative
problem is terminated at a relatively low convergence level, 0.1
relative change in the search eigenvalue.

The first outer iteration of the direct buckling search procedure,
inner iteration is done at each group with simple point relaxation using
newly calculated values as available, o ordered to accelerate asymptotic
behavior, with the source term set equal to zero. (Experiments using
the actual source showed that estimates of the error vector eigenvalues

were often unreliable when produced from an L, norm estimate, when the

1
source problem is solved, often low as would be expected if the error
vector dominating asymptotically has a small coefficient and is thereby

suppressed.) The matrix formulation of the nonsource problem is

0—~L~-U)¢=0,
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where ¢ 1s the flux vector. With partitioning consistent with the

process,

0 - L, = U
-1
5, = 0 -1

(h pusg
by T OB

where ¢n 1s the flux vector at iteration n. (With 0y ordering, E has

zero entries associated with the contribution from the odd ¢n values.)

1

Assuming that independent error vectors contribute to selected point

values (say the even points), since ¢n + 0 as n » «©, over these selected

points,
- = = ) n
¢1;1 ¢i,w ¢i,n 5 Cl,j Aj
0 A. {n
Cb. oo }\_ }‘ C . --—r-——«l-.. 5 (7.1.8"‘2)
i,n jmax & Ti,] .
j jmax

i being a mesh point, n the iteration count, and ijax the largest

eigenvalue of the error vectors. Thus at point 1,

TN n
¢'i n J s A'ma
2 = Al KJ X -] A max’ B large ;
Pi,n-1 J z C, ; j jmax

J | >‘jmax

, n large; and

= ). A
; ~ jmax X, 1 } jmax
2,¢i,n~l ¢i,n"2I Z Z Cy j[ . }n [l wvA.IJ'
i : ’
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iLj »J jmax 3 1] jmax

The following estimates of this largest eigenvalue are readily avallable:

P
}\ln:::min_}.i_n____,
’ %i,n-1
¢
)\anmaxw}_:?__,
? i,n-1
Dle, —a |
Xs L= i 1,n i,n-1 . and
Z |¢i,n—1 “.¢i,n~2|
2
% ¢i,n
A = . (718-3)
4,11 z(b 'J)
§ Ti.n i,n-1

Currently we estimate the eigenvalue from

1/3

Ay = [Az,n AB,n A4,n] ?

n (718-4)

not using the first estimate above because it typically is a gross

underestimate. Convergence criteria is required to be satisfied,

A < 0.9999
n An
0.995 <« < 1.005 ,

An~1
An—l
>\n—2

< 1.005 .

0.995 <
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Often in the early iterative history there are many point values

which do not change (Az - 1); there are no source terms at the first
3

energy group for the points in a reflector. To force full propagation we

require a miminum number of iterations equal to half the number of points

on a row. Typically the asymptotic value is approached from above by

XZ,H but from below by XS,n and K4,n; since the latter two are generally

more accurate estimates than the former, the weighting used is
reasonable.
When convergence criteria are not satisfied, the process is

terminated if the iteration count becomes four more than the number of

. ~30 . .
points on a row or any ¢i . < 10 . The latest estimate of An will
2

then be used provided three successive values are approaching a solution

monotonically,

knw2 < >\n-l < An or An < Xn—l < xn-2 » and
- < _

p\n >\n—ll |An—l An~2|

If acceptable estimates are not found for at least half of the space
problems at each group, the default procedure discussed later is used.
Otherwise an unacceptable value due to the iterative behavior is replaced

by that obtained for the next lower numbered group. The overrelaxation

coefficients are set initially to

Bo(g) = 2 , (718-5)

_ 2
1+ 1 —w (g)

where UL is determined as follows, independently at each group.
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Let p = kn from the one~dimensional calculation. Setting X = coswlp,

values of parameters are chosen,

X
1.2 if reflected on only one side,
a, = a
X otherwise, and
1.20Ll if reflected only top or bottom,
a =
2

. a
al otherwise.

In triagonal geometry if 1.5 times the number of rows < the number of

columns, this value of o, is multiplied by 1.50, except when there is

2

rotational symmetryy.

For two dimensional problems the eigenvalue is estimated as

_ cOs 02 N
UJ 2 - cos a1” (718-6)

For three dimensional problems, a third parameter is chosen,

1.20Ll if reflected only front or back,

al otherwise,

and the associated eigenvalue estimated,

(718-7)

cos Oz 4+ cos O3
3 — cos O -

uJ = max [0.74536,

If the number of groups exceeds 5, the eigenvalue estimate used to

calculate the overrelaxation coefficient is

2 UJ
UL = pJ; otherwise uL = i~;~ﬁ» .

J

Next, outer iteration is done on the usual eigenvalue problem normal-
izing the fission source each iteration to its value the previous one.

Flux values are obtained at each group for the row simultaneously, and

20r if reflected on one side and there is rotational symmetry.
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the eigenvalue of the dominating error vector is estimated by the Ll norm,

§l¢i,n "'¢i,n-1,

Yn

-1 (718-8)
Zi'(pi,n—l - (‘bi,n—2’

This eigenvalue is required o satisfy the same criteria as given above

for the inner iteration process on Kn.

The one-dimensional multigroup flux solution is used for
initialization along rows. A separable flux distribution is assumed and
the distribution for the row is normalized to unity at a selected point
and adjusted to the mesh and boundary conditions for the second
coordinate, the square roots of the values are taken for this second
traverse, and the two-dimensional values calculated in the sense of
d(x,¥y) = ¢(x)¢(y) at each energy. Normally a cosine distribution is
used across planes for three-dimensional problems as discussed below with
account of the boundary conditions.

In the event that a solution is not obtained for a selected
one~dimensional problem as discussed above, cosine flux distributions
are used as follows. The flux distribution is assumed to be separable in

the sense of

¢(g,r) = A(g) B(x) C(y) D(z) , (718-9)

where ¢(g,r) is the flux guess for energy group g and space location r,

A(g) is determined by applying a neutron balance to a point selected in

the dominant fuel zone,

T(g) A(g) = x(e) + [ S(g") Ag") , (718-10)
gl

where T(g) is the loss term for the group including a buckling loss

arbitrarily with Bi»set to 0.01; x(g) is the fission source distribution
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(i.e., a unit source distributed), and S(g) is the inscattering cross
section. B(x), C(v), and D(z) are determined for the individual coordi-

nate directious by the relationship,

[O.Sn (X ——xo)]
cos ’ (718-11)

B(x) = a8

where X is the distance from the boundary as follows:

Boundary Conditions
(Left, Right) L X

0
Reflected, Reflected® (Not used) (Not used)
Reflected, Extrapolatedb width 0
Extrapolated, Reflected width width
Extrapolated, Extrapolated half-width half-width

Yor repeated.
bNonreturn or zero flux.

When a fixed source contains negative terms, the above procedure

is replaced. The flux values are set equal to the fixed source values

except that where the source is zero, a small value is assigned to

the flux to avoid conflict with the identification of internal black

absorber points with zero flux values.

The Default Procedure for Initialization of Acceleration Parameters

On user option or under special conditions such as failure of the
one-dimensional problem initialization procedure, a default initialization
procedure is used. An estimate of the inner iteration problem spectral

radius is needed for selection of an overrelaxation coefficient,

2 _ (718-12)

1.0 + V1.0 — p(2)?

B,(e) =
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An eigenvalue is calculated for an ideal mesh along each coordinate
for a uniform mesh homogeneous problem based on half of the mesh points

to compensate for a sink term contribution,

My = cos {OT%—} , (718-13)
JJ

where j refers to a coordinate direction; Nj is the number of mesh

intervals; and uj depends on the boundary conditions: 0.5 for zero flux

or nonreturn (extrapolated) boundaries associated with this coordinate,

1.0 if one boundary is reflected, or 1.5 if both are reflected, but

11, is then set max (uj, 0.995) except for the first coordinate direction.
For line overrelaxation along the first coordinate direction, the

"ideal'" eigenvalue 1s estimated as

~10

©5

U, - 3=2 .
L3 (718-14)

1
where J is the number of coordinates, 2 or 3. Note that for the
one-dimensional problem with line relaxation, ¥, = 0, the optimum

overrelaxation coefficient is unity, and overrelaxation is not domne.
To allow for dependence on the relative magnitudes of the leakage
constants and the total loss term in the finite-difference formulation,
an internal mesh point location is selected where the product of the
volume and Vig is largest, and the estimate of the eigenvalue is

adjusted by
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1.0 ]
Cr i (8) '
p(e) = max |A, 414 Roi j, 0.74536 | , (718-15)
gCS’i(g)

where CR,i(g) is the total loss constant (the finite-~difference-element
volume times the total cross section for outscatter and absorption plus
the buckling loss term, mesh point i), and Cs,i(g) refers to the leakage
constant associated with a surface of the element for that energy group.
Equation (718-13) is not used if the overrelaxation coefficients are
fixed at a single value.

The eigenvalue estimates obtained from Eq. (718-15) are arbitrarily

adjusted as follows

min.{(g) },
b= 1.0 —4[1.0 — Ay

max o(g) ,

w
H

e
it

h
i

c, c > s
=41
{Q{AG +b), c<b .

Then only if a < b,

p(g) = b + {f —b ] [(g) ~a] . (718-16)

c —a

Setting the Number of Inner Iterations

Information was presented in the previous section regarding the
dependence of the outer iteration eigenvalue on the difficulty of

the inner iteration process. However, our testing has not produced
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a generally acceptable optimizing formulation has not been found. We
still find problems where the Chebyshev acceleration procedure on outer
iteration causes the iteration process to be non-convergent even if many
inner iteratiomns are dome, and the class of problems for which this is
the situation has not been simplv identified. Presented here is the
procedure for selecting the number of inmer iterations in use for the
current release version of the code. We continue a study of the re-
quirements and expect to improve this procedure given more experience
with results from wide application. 1In the mode of data handling re-
quired to sclve large three-dimensional problems, it is most desirable
to preselect the number of inner iterations to be done. The impact of
increasing the data transfer to do more inner iteratioms is mot simply
assessed. The user should be aware that this procedure causes the
number of inner iterations to increase as the number of neutron groups
increases, and more memory is needed to contain sufficient planes of
data to minimize data transfer as the number of inner iterations is
increased.

Unless overridden by input instructions, the number of inner itera-
tions is set as follows:

L
Let I = min [20,*&% ] s
max

L
I . = max 4 ~—-]
min [ 104
where L is the number of iInner iterations required to sweep the boundary
n

conditions across the problem with normal ordering, and L is the number

of inner iterations required to sweep the boundary conditions across the
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problem with the ordering to be used (normal, partial o; or 0y, discussed
earlier). Thus we seek propagation in 10 cuter iterations except for the
largest problems.

For that group having the largest overrelaxation coefficient, an

initial estimate of the number of inner iterations is set at

= 1 e ._..___‘.A_—......__
Iy = min [Imax’ max (Imin’ 1 n(B(g)-1) )] ’ (718-17)

Where A is assigned a value as follows:

Chebyshev acceleration to be done No Yes
No upscatter 0.8 1.5
With upscatter 0.48 0.9

Since the cost penalty of outer iteration relative to inner itera~
tion generally increases as the number of groups increases, the reference
initial inner iteration estimate is adjusted by the following formulation

to approximate an economic optimum:

y (3 0.2
I, = min {20, I; |max (l.O,}ii} , (718-18)

where B is the maximum downscatter band in groups.
This value may be reduced by one if this significantly reduces the
amount of data transfer.

Then at each group, the number of imner iterations is set at

Imax ( IZQH(Bmax*l) > -
J(g) = min 5, max \Imin’ AN , (718~19)
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except that J is set to unity for one-dimensional problems, and also
for all others for which the total number of space, energy mesh points
< 144 provided that the problem will be solved in the all data stored

mode.

Quter Tteration Limit

Generally the user is expected to supply a maximum number of outer
iterations which causes termination of the iteration process when tﬁe
iteration count reaches this value. When no value is supplied, an
estimate is provided and used by the code. It is not usually a con-
servatively high estimate, but rather a reasonable estimate given the
available information. The estimate is as follows which may be useful
for estimating computation cost, especially given additional information

from the requirements for a class of problems of interest:

N = max (20, - A 2n€¢)a
L -1
where A = max (1.5, G (718-20)
i 314
w=max [(B -7, ¥ 1

A without Chebyshev acceleration,
‘Y =
[% (2-2-2V 1-A ):I 0.4 otherwise,

N = maximum number of outer iterations,

=
il

maximum number of inner iteratioms,
I = minimum number of inner iteratioms,
L = number of iterations required to effect full propagaticn,

€¢ = gpecified maximum relative flux change on outer iteration,
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A = estimated dominant outer iteration error vector eigenvalue
with normal ordered sweeps, and
B . . )
max = maximum overrelaxation coefficient.

Data not applicable or not available is dropped out (L/I is set to
zero for one-dimensional problems). Note that the default to one inner
iteration for small problems will cause more outer iterations to be re-
quired than if several inner iterations were done, perhaps requiring a
larger maximum to be specified than typical. Also, the special input
data processor for data for the VENTURE code yet sets the value of N = 50

if input O.

END OF SECTION
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Section 720: Reliability of Solution

A solution obtained by an iterative process is generally not
entirely converged. It is uneconomical to satisfy tight convergence
criteria. Therefore, the user relaxes the criteria to the extent
possible which will still cause the result to satisfy the particular
needs. Unfortunately, a simple measure of the reliability of a solution
is not directly available from the iterative results. A satisfactory
measure of reliability is, however, of critical importance.

If the inner iterations were continued enough times, the flux ¢n+1
in Eq. (716-1) would satisfy the relationship in Eq. (720-1) provided

there were no upscatter:

xwp

by = RO,

n+l el xF ¢n , OT (720-1)

n

ak

(I "”R) (bn+1 = A ¢n+1 = XF ¢n .

n

The process could now be written as

an = XFCbn 2
!
Wn+l = E-M Wn .
n

Under this condition, bounds on ke can be identified and calculated as
simply the maximum and minimum ratios of the source, components of ¥,
between outer iterations, times kn. Use has been made of these bounds,
especially in the PDQ series of codes 2 Unfortunately, the bounded range

tends to be wide at low levels of convergence, and relaxation of the

dW. R. Cadwell, WAPD-TM-179.
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inner iteration convergence destroys the proof that the estimates are
bounds. Only with a relatively large number of inner iterations does
one have assurance that bounds have been identified. The optimum number
of inner iterations for problem solution, considered here to minimize
the computation cost, may be far fewer than are required to insure that
bounds on the eigenvalue are established. Thus, we secek an alternative

measure of reliability.

The Maximum Relative Flux Change

The iterative process, Eq. (716-1), may be described as

bop = MO (720-2)

n+l
where the flux vector from outer iteration n is operated on by the
iteration matrix Mn to generate the new estimate. The iteration matrix
M is iteration dependent because 1t contains the latest estimate of ke.
Bounds on the largest eigenvalue or spectral radius of M can be
calculated.® Consider the set of components of the flux vector ¢ to be
Xi’ and the elements of M to be aij' Now consider the new matrix formed

of the elements

The new matrix is the result of performing the operation P_IMP;

therefore, it is similar to the matrix M and has the same eigenvalues.
The spectral radius of this new matrix is bound by the maximum and the
minimum of sums along columns or rows. The sum along a row is simply

the ratio of flux values at one point between outer iterations.

2Due to M. L. Tobias, unpublished.
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Therefore

. i,n
< p(Mn) < maximum 2
i,n-1 i,n-1

(720-3)

Since p(Mn) must tend to unity, an indication that the iterative process

is convergent is that

leg,nl<lep no1l > (720-4)
where
X. . — X,
e, = |max] 222 d,0-1 (720-5)
¢,n i,n-1

Further, p(Mn) is bounded by 1 % IS There 1s not a one to one

¢,nl'
correspondence between bounds on kn and on p(Mn) because of the way kn
appears in M. However, a reasonable estimate of the probable uncertainty

in kn is
kn[l + |€¢,n[] . (720-6)

Occasionally, a result falls outside of this range, so it should be
interpreted as an approximate bound, perhaps two standard deviations.
Increasing the number of inner iterations generally increases the
reliability of this bound, excluding the upscattering problem.

The VENTURE code tests €¢,n against a specified convergence
criterion as the primary way an acceptable solution is identified and
the iteration process is discontinued. Thus, if the estimated k is

desired to within 0.01 percent, the criterion on the convergence of the

point fluxes should be 0.0001. Quite generally a value of 0.00005 is
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recommended for wide use, a smaller value when necessary, and a larger

value for situations where a lower degree of

At the time this is written, it appears

with reaccess and/or storing away a copy of the iterate flux set for

convergence 1s acceptable.

that the penalty associated

each iteration as necessary to determine the maximum relative point

flux change is not justified. As an alternative, each reevaluated

point flux may be tested and the maximum for

that inner iteration

determined. 'Thus, at one energy g, outer iteration n and inner

iteration m, we calculate

1,0,
T = max |gede—> , and
g’n’m 1

1,n,m

. i,n,m
S n.i = min X D e ;
1 .

8>1s i,n,m-1}

by group g for outer iteration n, inner iteration m.

Then over the inner iterations, taking

Pg:n ) % rg’nsm ’ and
= 1
qg:n m Sgin:m ’

and finding the maximum over all g,

W {maxf(pq,n ~ 1, qg,n —-1),

il > Ty

Thus the convergence property tested by €

b,n

Experience with its use indicates that ]wn! >> ,€¢ nl during the early
3

is also tested by LS
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iterative history, but usually approaches its value by that stage of the
calculation when the convergence level is low enough to terminate the
process.

It should be noted that the discussion above is directed at the
reliability of a solution regarding the error due to lack of convergence
of the iterative process, not the error associated with the finite-
difference approximations, the use of diffusion theory, or the discrete

energy group representation.

The Residues Estimate

An independent measure of reliability is also available unless
overridden by user. The value of the multiplication factor is determined
which minimizes the sum of the squares of the residues of the point
neutron balance equations cast in the form of actual reaction rates. The

residue Ri is defined as

(720-7)

where R, is the residue which would be zero if the problem were completely
converged, Fi is the associated fission source, Si is the inscattering
plus inleakage term, and Ti is the total removal and outleakage term.
Each of the above terms is evaluated with the solution flux vector

components. Summing equations and determining

3 z 2 Z aRi
R2 =27 R, ==~=0,

3k T i ;1 Bkr

(720-8)

5o
i By

kK =

T
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Experience has shown the residues estimate of the multiplication
constant to be quite useful, especially when a problem solved has an
unfamiliar iterative behavior. If the residues estimate differs
markedly from the value used in the iterative process, then the problem
is mot converged.

The analyst wants to know the best estimate of the multiplication
factor for a problem, especially of concern when convergence criteria has
been relaxed. Results from a wide range of problems indicate that the
residues estimate is often not superior to that from the neutron balance
used in the calculation. We suggest simply averaging the two values.

In some situations, even the residues estimate of ke will not
reflect lack of convergence, one case being that where the flux is quite
flat over much of the system. The point neutron balance equations are
used at each space-energy point having fission source to yield independ~

ent bounds on ke

(720-9)
ky = 7757 >
1 1

and maximum and minimum values of kb are determined as bounds.
Unfortunately, in most situations there are locations where the magnitude
of Fi is small relative to Si’ due either to small values of the
macroscopic production cross sections (vZf) or a small distribution

factor, causing the bound estimates to be uselessly wide. For more

useful estimates we restrict the test to locations and energy groups
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where Fi/S.1 > 0.0001 if Si.> 0. Since Si is zero for the first energy
group, all of the first-group equations are always considered. A user

must rely on experience in assessing the results of such tests.

Premature Termination

The iterative process may be terminated before an acceptable
convergence level is achieved. The outer iteration count may reach
the limit allowed. Continuation is generally not allowed in the event
of machine error, as in data transfer, because an unreasonable amount of
time may be required for recovery from such error. An attempt at
division by zero or exponential underflow or overflow are deemed fatal
errors in this program.

Another mode of automatic termination has recently been implemented.
The number of block data transfers required for a full outer iteration
is determined. The number yet allowed before termination by the operating
system (as dependent on the job control instructions and past usage) is
accessed and termination initiated if less than 4 outer iterations would
cause system termination, or 12 if the perturbation integrals are to be
done. The residues sweep of the equations is made and wrap-up procedures
followed regarding the calculation of derived results and writing data
on files. This procedure is also executed if the remaining processor
time allowed for the job is inadequate for the same number of iterations,
or if the user specified processor time limit for the problem (this
access of the neutronics code) is exceeded.

The acceptability, reliability of results from an iterative

procedure terminated prematurely must be questioned.
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The Absolute Error

The responsible analyst must have some concern for the absolute
error possible in a reported solution associated with lack of convergence
of the iterative process. Certainly the iterative change in any integral
quantity must be small if the absolute error is small. However, the
multiplication factor calculated for two successive iterations may be
nearly the same and yet differ considerably from a proper solution.

An indication of the absolute error is available from reported
estimates of the eigenvalue of the overall iterative process which
dominates asymptotic. See Section 716 for further discussion. When
in this asymptotic mode, this eigenvalue 1 is related to the iterate

point flux values by

T (720-10)

(720-11)

Thus, U is a direct measure of the absolute error reduction each

iteration. Further

o n . H .
X =X ] T T

(720-12)

that is, an estimate of the ratio of the absolute error to the iterative

change is given directly. Given the maximum relative flux change, €,

the absolute error in the local flux is estimated and reported as
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Xo =X X, —X
ng(

u . s
- - T u] £, > (720-13)

where the value of p is that obtained the last time the single error mode
extrapelation criteria was satisfied, or the upper bound estimate of the
eigenvalue band when Chebyshev acceleration is done.

Since the procedure of calculation attempts to make use of this
information and apply asymptotic extrapolation, reported values of | each
iteration have limited utility. However, asymptotic extrapolation is
only done when it appears that an aysmptotic mode has developed. Thus,
the estimate of p at that point in the calculation is of interest,
especially so if the extrapolation was effective as indicated by
subsequent values of o being considerably smaller than before
extrapolation. In applying Eq. (720-13), the largest eigenvalue of the
iterative process should be used, not a smaller one associated with the
dominating error contribution at any stage of the calculation, nor any
unusually large estimate of it. Note that we recommend use of the factor

€, which makes a primary contribution in Eq. (720-13), as the primary

n’
user control for termination of the iterative process. Tests on the
iterate estimates of the eigenvalue of the problem (the multiplication
factor or search problem eigenvalue) are unreliable at best, especially
when acceleration schemes are used.

Finally we caution the users that full propagation of boundary
conditions across a problem is essential for reliable results which

requires a minimum product of the numbers of outer and inner iterations

(see the discussicn about sweep order in Section 716).

END OF SECTION
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Section 721: Perturbation

Discussion

The equations used to estimate the effect of small changes are
discussed here. First order perturbation theory is applied which is
precise only in the limit of zero change. The adjoint flux is used which
requires solution of this special problem. The fact that finite-
difference equations must be dealt with rather than a continuum
introduces complexity.

The following discussion contains an introduction cast in simple
terms. This is intended to help the reader who desires to understand the
subject from a practical standpoint. Then the actual equations used in
the code are presented. A theoretical analysis has been presented.a

Consider a neutron balance associated with the finite-difference
volume about a mesh point for a one-energy-group, one-dimensional slab

geometry problem. With usual terminology,

Source = Removal + Leakage, or

-
¢. — . ¢. — 9.
1 1 i-1 i i-1

where i refers to a location, V refers to volume, A to the leakage
surface, and A to mesh spacing. Let Ai+1 = Ai

A change in the nuclear properties would change the flux distribution
and also the multiplication factor. Let us neglect the change in flux

and consider the partial derivative of terms of Eq. (721-1) with

respect to Zi. This operation gives

AMelvin Tobias, T. B. Fowler and D. R. Vondy, "First-Order Perturbation
Theory as used in the Multigroup Diffusion Code EXTERMINATOR-2Z," USAEC
Report, ORNL-TM-1741 (January 1967).
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Jes)

Vi Vi tw T Vidy -

Considering change in Zi only at certain points within some material m

and summing equations gives

1
()
N T
9% Z v YL Vl i 2 Vi ¢
m i JEm
1 1
Since 8(3+) = — — 9k ,
k K2
oy
1ok iem Vi %
kon 1
moogLvEe Voo
1 2

If we simply accept that Eq. (721-1) may be multiplied through by a
weighting factor, namely the adjoint flux, ¢;, which will cause both ¢.¢{

and the flux slope in the leakage terms to be invariant, increasing the

accuracy, then the result becomes

= . (721“2)

=
ol

This expresses the change in the multiplication factor associated with a

unit change in the cross section. Similarly

[(q:l — ¢, )+ (8 — ¢i+l)]¢>;
(721-3)

bl
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Also,
—LVy ¢ 9
1 ak igm
EICE N , (721-4)
&
£’ LV Tp g V; o0y 0

1

where the region of interest m must be for v Zf,i # 0. Complications
associated with material interfaces have been avoided here, and the
equations must be extended to consider more than one group and other
dimensions, and to treat the trans-group scattering.

Once the changes due to changes in macroscopic cross sections have
been determined, the effects of nuclide density changes may be obtained,

but not in the VENTURE code. Adding contributions gives

d 5. d D dv . )
ok _ 7 [Zaak l,m] , Ok m__ ok £,m } . (721-5)
- :

Ny Zj,m d Nb,m BDm d Nb,m 3 (v Zf,m) dNb,m
where Nb n is the density of a nuclide in region m and index j is over

appropriate cross sections.

Since
} d .
2J’,m " b Nb,m % ,b,m * d N, =% b,m°
LI
dpD
= 1 m o 2 .
Dm Z 3 N 5 > d Nb o - 3Dm Otr,b,m ?
b,m “tr,b,m ?
b
d (v Z )
_ f’m — .
v Zf,m - z Nb,m v Gf,b,m’ d N =V Gf,b,m ’

b b,m
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3k ¢ ok ok 2
KoN, ~ ! Z(kBZ. "]Oj,b,%] * (kan ][—'3 P Otr,b,m]
m J J,m mn
3k ]
+ (iR v O .
[ka(v Zf’m) £,b,m (721-6)

This does assume consistent treatment over the individual zones of
material. The estimate of the effect of an actual change, decreasing

in accuracy as the amount of change increases, is then

Ak 9k
N (721-7)
KEN, KONy

The Perturbation Equations

Within region m, the change in multiplication factor relative to

change in a macroscopic property is calculated as

L 6. @)
ok _ iem (721-8)
kaXm n Ly Y x(m,g) ¢* Y v ¥ o ’
’ k % i ’ 1,8 f,n i,n
i g n
where XI refers to a macroscopic property in region m,i refers to a

m,n

b

space point in geometric space and g and n to energy groups. Gi is

defined below. It is assumed in this discussion that Z x(m,g) = 1.

g

X =2 (), I.(n) =) Z(n>g), or D(n)B*(n)
g

_'Gi(n) = Vi ¢i,n ¢§’n (721"9)
X = %(g'n)
Gy(n) =V o5 o 0% (721-10)
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X = D(n)
—~—l~——~¢* 0] — ¢ internal
Ai + Aj i,n[ i,n j,é] ? ?
i
1+
Ai Dj(n)
Gi(n)==z Aj { material interfaces, or
j
LY |
oD@ | Yin fin
1 + s
AiCS(n)
any black boundary.

Here j refers to each of the nearest neighboring mesh points, Aj
normal leakage area, and Ai is the distance from a point to the
appropriate interface between mesh points.

external black boundary constant (see Section 702).

boundaries there is zero contribution.

X = v Ic(n)

<

Gi(n) = Ei-¢i,n é ¥x(m,g) ¢§,g .

2
1 1 . .
A A D. (n) Eim‘*¢L%H}Ln-%,4 > at
R

adjacent to

(721-11)

is the

Cq(n) is the internal orx

At reflecting

(721-12)

Calculation of a temperature or power coefficient of reactivity

would be done directly from the partial derivatives discussed above

using additional data,
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where Xg refers to each contributing macroscopic property including cross
sections and diffusion constants. To consider the general situation,
discrete changes would have to be considered. Thus resonance calculations
may be done at two temperatures representing some desired change, and

the generated microscopic data used in the form:

|

e % %%E’[Xz(Pl) _'Xz(Pz)} ’ (721-13)

where Xﬁ(pl) refers to a macroscopic cross section determined from
initial nuclide densities and the originally specified microscopic
cross sections; XQ(sz refers to the altered value due to specified
changes in nuclide densities and new microscopic data.

Importance maps over space may be obtained. "Importance' is used
here to mean the contribution to the multiplication factor per unit

volume from some factor, namely

g Xy (€ ¢ of
L) =7 , (721-14)
RLVEe Vo 0]
1

for the one-group situation treated above, where i represents a mesh
point location and the contribution from component ¢ to the macroscopic
cross section X on a unit volume basis is shown to be given the flux

times adjoint weighting.

Prompt Neutron Lifetime

For the estimate of the prompt neutron lifetime, the weighting is

of reciprocal neutron velocity, Eq. (721-15) applies

7V er e
1

i,n "i,n

(721-15)

)
n
. ‘ .
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Results Produced

Given forward and adjoint flux solutions, the derivatives of k with
respect to each macroscopic (zone) cross section are calculated and
edited, Eqs. (721-9) through (721-12) above. No calculations are done
which require reaccess of microscopic data or nuclide concentrations.
The basic zone integrals, Vi¢i¢;, are written on an interface data file
for further use. On option, pointwise importance maps are edited of
VZf, Za’ and VZf W'Za'

To produce additional information at the macroscopic cross section

level, the effects of relative changes in the cross sections are

calculated. Consider

ak = % (£5) = £ 7 al; ) (721-16)

T
where f represents a fractional change, set to unity for the calculations
(100% change). The contributions to Ak are determined for neutron
production, absorption, scattering and transport and the total for the
common value of f unity. These results are edited by option to reflect
energy, zone dependence, summed over zones to yield energy dependence,
summed over energy to yield zone dependence, and totals are generated.
Additional information is produced to indicate the effect of
uncertainties at the macroscopic cross section level. Consider that in

an uncertainty sense,

3k 2)5 UREE
8k = 4 )|s= (£2) f =£4) |55 () (721-17)

and again f is set at unity. The results are obtained for individual

contributions, summed over zones, energy, zones and energy, and
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individual components added. In this calculation, transfer from group-
to-group is treated as an entity (loss and source}, correlated rather

than independent.

END OF SECTION
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CONCLUSION AND GLOSSARY

We expect this code block and its documentation to improve with
time. Feedback of information from analysts applying the procedures
to general situations and quite special problems allows upgrading the
capability; it also permits the documentation to be improved, removal
of errors and inconsistencies and expansion of the coverage to further
address and clarify troublesome areas. Keep us posted!

The capability contained in the VENTURE code block is a direct
reflection of experience in nuclear reactor analysis and the requirements
found over a period of years at ORNL. Several analysts have made
direct contributions. Methods in use have undergone a continuing
improvement which has been in part a trial-and-error process, but also
benefitted from the direct contributions of several individuals, and we
particularly acknowledge those of M. L. Tobias.

A glossary follows which is intended to convey an intended meaning

of certain terms used in this report.

e TS e e A B Y b b s i
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Glossary

Absolute Convergence. The difference bhetween an estimated or

iterate value of dependent variable and its value at solution divided
by the latter, giving a direct error measure.
Acceleration. The iterate estimate of the flux values are driven

in some manner toward an apparent solutilon.

Adjoint Solution. As opposed to the direct, forward or regular

solution of the differential equations expressing a neutron balance,
these equations are recast in the true adjoint eigenvalue problem form
appropriate to perturbation theory (matrix elements are transposed
about the main diagonals), but an arbitrary fixed source adjoint
problem may also be solved.

Blunder. ‘That which produced an error, more often having human
source than machine (as developers always say, ''check the input
first!").

Convergence Criterion. The specified maximum relative change

between iterations of a dependent variable used to terminate an

interative process.

Convergence Level (Relative Convergence Level). The relative

change from one iteration to the next of the iterate value of a
dependent variable, generally the maximum of a set when several
variables are involved such as point flux, is termed the convergence

level.

Convergence Rate Plot. A graph of the logarithm of the convergence

level as dependent on iteration number, which is asymptotically linear

for a wide variety of problems as a solution is approached but
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fluctuates about some value when further resolution is not possible due
to limited significant figures carried in digital calculations.

Discrete Formulation. A differential and/or integral equation

involving continuous functions is recast into a finite-difference
representation by discretization of some or all of the independent
variables. Thus the neutron population is divided into groups, each
associated with an energy range over which there is no energy dependence.

Direct Search. The search eigenvalue problem is iterated directly

toward a desired solution without using the conventional approach of
solving each of a series of problems for the multiplication factor.

Eigenvalue. Root of the determinate of a matrix, often used as
the most positive root. Given a set of N equations for N unknown
neutron flux values, there remains one unknown in a multiplying system;
this unknown multiplication factor is termed the eigenvalue of the
problem and an additional equation must be used to supply a complete
set of equations.

Extrapolation. This term is reserved herein to mean that

occasionally a complete iterate set of flux values are driven to a new
extrapolated set for use in the next iteration; driving is generally
in the direction of the individual changes between the last two
iterations (or last and two iterations back) and is based on the
iterative behavior over three or more previous iterations.

Fission Source Distribution Function. In the discrete,

multienergy-group representation, neutrons produced from the fission
reactions at one geometric location are summed and the total is then

distributed in energy by this distribution function.
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Flux. Neutron flux is neutron density times speed. Since flux
times cross section gives reaction rate, flux is total track length
per unit volume.

Foot-Draggers Disease. This expression is reserved for the

situation where either a poor arrangement of the terms in equations
or the ordered sweep of the equations causes slow rate of convergence
(per Tobias).

Inner-Iteration. Several sweeps are made of only part of the whole

problem, generally over geometric space at one energy; the process is
continued until a set number of inner-iterations on this partitioned

iterative problem is reached, at which time the calculation proceeds

to the next partitioned problem for iteration. Only after a complete
sweep has been made of all the space-energy mesh points is an outer-

iteration completed and a new estimate made of the eigenvalue of the

problem for use in the next sweep.

Line Relaxation. The equations for the flux values along a row of

points at one energy are solved simultaneously (a forward-backward
sweep to solve a tri-diagonal matrix with simple coupling); source terms
are held fixed as are flux values along adjacent rows.

Material. A material is considered to be homogeneous and have
nuclear properties which are proportional to individual nuclide
densities and additive in the usual sense. See Zone.

Quter-Iteration. A complete sweep of the mesh points; that is,

the equations for each unknown flux value have been solved, individually,
at least omnce (more than once with inner-iteration).

Overrelaxation. The newly calculated value of each dependent

variable is driven in the direction of the change between iterations to
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accelerate the iterative process, and these overrelaxed, iterate values
of the flux are used at latest values during an inner- or outer-
iteration.

Predominant Error Mode. Contributions to the error in iterate

flux estimate are dominated by one or two error vectors, usually those
having the largest eigenvalues. Contributions from the others have
decayed and therefore have but little influence on the changes in point
flux values with iteration; they tend to move in a single mode.

Primitive Conversion Ratio. The ratio of volume integrated

capture rate in defined fertile nuclides to the volume integrated
absorption rate in defined fissile nuclides.

Production Cross Section. This is used to mean the product of the

cross section for fission and the number of neutrons produced by the
fission reaction, either in a macroscopic or a microscopic sense,
e.g., V Zf =\J(Zf)‘

Rate of Convergence. A measure of the rate of approach to a

solution: often the reciprocal of the number of iterations (computer
mesh sweeps) required to reduce the relative flux change by a factor of
e or to reduce the absolute error by a factor of e.

Region. A volume containing mesh points which are located at the
geometric centroids of finite-difference volume elements of equal volume.

Removal Cross Section (Z ). This is used as the sum of all cross

sections for removal of neutrons from the energy of interest including
absorption (sink) and out-of-energy scatter.

Residue. The equation used for solution of an unknown (point
neutron balance) is rearranged with all terms on one side and the result

obtained by use of current iterate estimates of the unknowns is called
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here the residue of the equation for the iterate set. Weighting is
arbitrarily on true volumetric reactions.

Slab Geometry. This refers to the cartesian coordinate system with

orthogonal axes (one-dimensional slab geometry has symmetry in two
dimensions as would be the situation if conditions were uniform over all
space in these dimensions).

Time, Machine. The machine time reported to resolve a problem by

iteration is the total time required for the calculation but generally
excludes that for auxiliary operations of reading data, setting up the
problems, and processing results. Both the amount of time the central
processor is active and the total (clock) time are measured.

Zone. A volume, consisting of one or more Regions, within which
macroscopic nuclear properties are constant. A zone may contain
material (have nuclide concentrations) and additionally contain one or
more subzones of material having specified volumes (each having nuclide

concentrations).

END OF SECTION



Appendix A: CROSS~SECTION PROCESSOR CODE BLOCK

Presented herein is primary documentation of a code block designed
to process microscopic cross-section data. For example, it will con-
vert a nuclide~ordered ISOTXS file to a group-ordered GRUPXS file as
would usually be required before the VENTURE neutronics code could be
used. Locally we call this code block CasSandraPiC. The following items

are covered:

SUBJECT

SECTION PAGES

Al. Code Block Specifications Al-1,3

A2, Tasks Performed and Order of Performance AZ-1
. A3. Computer Requirements A3~1

A4, Use of Logical Data Storage Units and Interface Files Ad~-1,4

A5, Code Structure and Subroutine Referencing AS5-1,4

A6. File Specifications, VERSION~III for cross sections A6-1,5

excluding an extended blocking of the principal cross
sections in GRUPXS, and the special code block dependent

interface file CXSPRR
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Code Block Specification

Code Block — Broad Group Microscopic Cross Section Processor

Basic Functions —

{(not done)

1.

Convert a microscopic library order by nuclide to a
microscopic library ordered by group — going from one
standard interface format to another. As an option, a
second nuclide-ordered library consistent with the
group-ordered file may be generated.

Provides selectivity to eliminate extraneous data.

Provides flexibility to collect data for isotopes or other
mixtures as desired.

Provides for adding libraries (files) together, as well as
selecting data from two or more nuclide-ordered files.
Provides for basic integrals (reaction rates) over energy of
principal cross sections to test data.

Provides for condensation of such datazu;xvof(g+g‘) for
simple treatment.

Provides for user input of data to override that in the
library in short, select data blocks as well as full data for
additional nuclides.

Provides at least elementary capability for converting data

from old formats.

Energy Groups — 1 to 1,000, but fully variably dimensioned.

Nuclides — 1 to 500, but fully variably dimensioned.

Legendre Ordexr — Provision through order 20.
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Library Protection and Recovery

Care and some sacrifice in efficiency is to be taken to protect
libraries. Reasonable tests are to be made to insure integrity of data.
Full recovery is normally possible when old libraries are preserved and
the nature of failure is made known. Even the possibility of
misunderstanding of procedures on the part of the production user is to be

taken into account.

Edits — Not under user option:
1. Description of what was done by the code block when accessed,
and associated data storage use.
2. Integrals over energy (reaction rates) when these calculations
are requested.
Under user option:

Full edits of final interface data files.

Special Input Data Requirements — See interface file CONTRL, record XCPINS

(Section 204):

1. Control options for selection of procedures and data file handling.
2. Edit control.

3. Input data control.

4. Select data to override that in the library.

5. Nuclide data for adding to the library.

6. A broad-group neutron flux spectrum for integrals and for

condensing such data as xvof(g+g').
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Data Conversion —

Initially only simple CITATION cross-section data, elementary 1DX,
and basic LASL Sna forms of data are to be converted to the nuclide-
ordered standard interface data file as needed at several installations

to support methods development effort.

Programming Note —

It is noted that direct-access techniques must be used to permit

efficient data processing.

Interface Data Files —

Used Generated
ISOTXS GRUPXS
(ISOTXS)

Not done.
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Tasks Performed

A primary function of the code is to convert a nuclide-ordered
cross-section interface file (ISOTXS) to a group-ordered cross-section
interface file (GRUPXS).

Additional functions include creating a nuclide-ordered file from
the ORNL CITATION code cross-section format, updating an existing
nuclide-ordered file, or merging two existing nuclide-ordered files.
Each of these functions may, on option, eliminate selected nuclides or
replace certain data (for example, Hollerith names) for a nuclide.

The capability for creating nuclide mixtures is also available.
It is possible to generate a complete set of macroscopic data in the
nuclide-ordered format. Any nuclide used in a mixture will be excluded

from the resulting interface file.




A2-2

Nt

Process interface

file C@WTRL for |

records labeled XCPINS and DVRINS

Y

{IX(S).EQ.O ¥ IX(5).EQ.1 \ IX(5).EQ.2
Update Convert CLIATIPN | | Metge two
IS@TXS to IS@TXS ISPTXS
-]
Input: ;ﬂ Input: Input:
CXSPRR version n 1 CXSPRR version n CXSPRR version n
ISPTXS version n o~ CITATION ISPTXS version n-1
Output: M Output: ISPIXS version n
ISPTXS version ntl |+ ISPTXS version n output:
ISPTXS version ntl
l M Y |
o Create Mixtures ]
Si Input: §
. CXSPRR version n 4
a ISPTXS version n
;; Output:
— I1SPTXS version otl 3
\ ;
o ’
fl
A Edit IS@TXS
~~
¢ Input:
>t ISPTXS version n
> 3
X A |
J;
Convert ISPTXS
= to GRUPXS
s3]
1 Input:
~ ISPTXS version n
&
; Output:
S GRUPXS wversion n
N 4
o L
o 1
A Edit GRUPXS
g Taput: *Note
E GRUPXS version n "yersion n'" refers to the
Y current latest versionat

END

that stage of processing.
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Computer Requirements

The requirements of this code on an IBM-360/370 machine are given

here.
Core Storage (4-byte words)
Allocation to Without Overlay With Overlay
Program 33K 14K
System Routines 7K 7K
Data 10K 10K
Typical Buffers 9K 9K

Total 59K 40K
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Use of Logical Data Storage Units and Interface Files

The use of logical units and interface files for each task is
presented here. Unit numbers shown are for default assignment of unit

numbers to the interface files at the control module level.

Always Required

ITRL (A) CONTRL 10 (stand-alone
unit, typical)

ISOTXS to ISOTXS (Update)

1pUT standard output 6
ICXS (A) CXSPRR 30
ICIT (A) input ISPTXS 32
- ISPT (B) output ISPTXS 344
ISCR scratch 45

CITATIPN to ISPTXS (Create)

IgUT standard output 6
ICXS (A) CXSPRR 30
ICIT CITATI@N 8
IS@T (D) output ISPTXS 32
ISCR scratch 45

ISPTXS + ISPTXS to ISPTXS (Merge)

I10UT standard output 6
ICXS (A) CXSPRR 30
ICIT (C) primary input ISPTXS 31

21n general this is the first available unassigned interface data file
number in the allowed set.
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IpTH (A) secondary input
ISPTXS 32
ISPT (B) output ISPTXS 342
ISCR scratch 45
ISPIXS to ISPTXS (Create Mixtures)
IpuT standard output 6
ICXS (A) CXSPRR 30
ICIT (A) input ISPTXS 32 or 34
I1SaT (B) output ISPTXS 34 or 35
ISCR scratch 45
IsC? scratch 46
IDAZ scratch
(direct access) 40
EDIT ISPTXS
IpuTt standard output 6
IS@T (A) ISOTXS 32 or 34 or 35
ISPHTXS to GRUPXS
IguT standard output 6
1S@T (A) I1S@TXS 32 or 34 or 35
IGRU (D) GRUPXS 11
ISCR scratch 45
IDA1 scratch
(direct access) 27
IDA2 scratch
(direct access) 24

41n general this is the first available unassigned interface data file
number in the allowed set.
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EDIT GRUPXS
IgUT standard output 6

IGRU (A) GRUPXS 112

Notes:
(A) Asks SEEK for latest version to read.
(B) Asks SEEK for a new version to write.
(C) Asks SEEK for the next to the latest version to read.
(D) Asks SEEK for the latest version to write, if none available,

asks SEEK for a new version to write.

%0r the first available unassigned interface data file unit number in
the allowed set if not assigned by the default procedure at the control
module level.
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CROSS SFCTION PROCESSOR MODULE SCRATCH INPUT/OUTPUT

C**##***#**ﬁ**#**#**#***V**********#*********************#*****##*#*****

AN OOANANN OO0 NANAOCCANNNCOCONNNOGaO0ONNO0NOaO0

DIRECT ACCESS
LOGICAL UNIT 40 (YDA3)

NUMBER OF RECORDS MIXO*(1 ¢+ NGROUP*(1 + (MAXORD + 1) *NTYPE))
LENGTH OF RECORD MAXINUM( 3*IDP + 7 ,

22 + 2% {MAXORD + 1) ,

% + NGROUP ) WORDS

ALWAYS REQUIRED IH CREATING MIXTURES
LCGICAL UNIT 27 (IDA1T)
NUNBER OF RECORDS NISO* (1 + NGROUP)
LENGTH OF RECORD MAXIHUN { 3*IDP + 7 ,
22 + 2% (MAXORD + 1) ) WORDS
ALWAYS REQUIRED IN CONVERTING ISOTXS TGO GRUPXS
LCGICAL UNIT 24 (IDA2)
NUNBER OF RECORDS NISO*ITYPE*{NEWORD + 1) *NGROUP
LENGTH OF ERECORD 4 + HOD WORDS
ALWAYS REQUIRED IN CONVERTING ISOTXS TO GRUPXS

SECUENTI AL
LGGICAYL, UNIT 45 (ISCR)
TOTAL (AEPROXINATE) (3*IDP + 17)*NISO
# (12 + 2% (MAXOBRD + 1)) *NISC*NGROUP
+ NISO*NTYPE* (MAXORD + 1)*NGROUP*MUD HORDS
ALWAYS REQUIRED WHEN WRITING AN ISOTXS
ARD IN CONVERTING ISOTKS TO GRUPXS IF CHI MATRIX DATA IS
PRESENT
LOGICAL OUNWIT 46 (I1SC2)
TOTAL {AEPROXIMATE) (3*IDP + 17) *HTSO
+ (12 + 2% (MAXORD + 1)) *MUSO*NGROUP
+ MUSOXNTYPE* {MAXORD + 1) *NGROUP*HUD WORDS
ALWAYS REQUIRED IN CREATING MIXTURES

DEFINITIONS
“IXO = HUSO + HIX
HUD = HINIWKUM( MAXUP + HAXDN ¢+ 1 , NGROUP}
NGROOP HUHMBER OF ENERGY GRQUPS
NISO HUMBER OF NUCLIDES IN CROSS SECTIONS

MAXDP NAXIHMUM NUMBER OF UPSCATTER GROUPS

MAXDN MAXIMUM HUMBER OF DOWNSCATTER GROUPS

MAXORD HBAXIH®UN SCATTERING ORDER

BSCMAX HMAXIHMUN NUMBER OF BLOCKS OF SCATTERING DATA

ipp 2 FOR SHORT WORD MACHINE, 1 FOR LONG WORD HACHINE
NIYPE NOMBER OF DIFFERENT SCATTERIMG TYPES

HUSO NUMDER OF DIFFERENT NUCLIDES IN MIXTURES

HIX ¥OMBER OF HIXTURES

HEWORD MAXINUH SCATTERING ORDER TO BE POT ON GRUPXS

ITYPE 1 OR & DEPENDING ON THE VALUE OF NSCHAX, AND WHETHER ONLY
THE TOTAL SCATTERING IS TO BE PUT ON GRUPXS, AND
YHETHER THE TOTAL SCATTERING IS TO BE CONPUTED

Wkl ok Aok ok Aok o o ool sk oK s ko deake e ofe e ok ook sk o o o ol ol R e e ol A 0 oedls ol e iR e e o R ok ol sk R ol o e g ool ok ok ok o
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INFORMATION ABOUT SUBROUTINES

C********#**********#***#***#************#*******#*******#*#*****#******

C
C CROSS SECTION PROCESSOR MODULE SUBROUTINE DESCRIPTICH
C
C CHOL CONVERT HOLLERITH TYPE
C CII1 CITATION TO ISOTXS
C C1I2 CITATION TO ISOTXS
C CII3 CITATION TO ISOTXS
C GXs51 EDIT GRUPXS
C GX52 ECLIT GRUPXS
C HCHK CHECK FOR UNIQUENESS IN NUCLIDE NAMES
C ITI UPDATE ISOTXS
C IT12 UPDATE ISOTXS
C IXs1 EDIT ISOTXS
C IX52 EDIT ISOTXS
C MAIN INXTYALIZE INPUT/0UTPUT UNITS
C MIXC CREATE NUCLIDE MIXTURES ON ISOTXS
C MIXY CREATE NUCLIDE MIXTURES O¥ ISOTXS
C MIX2 CREATE NUCLIDE MIXTURES ON ISOTXS
C MIX3 CREATE NUCLIDE MIXTURES ON ISOTXS
C MIX4 CREATE NUCLIDE MIXTURES ON ISOTXS
C MIXS5 CREATE NUCLIDE MIXTURES ON ISOTXS
C Mz11 MERGE ISOTXS
C M212 MERGE ISOTXS
C NPCR CALCULATE NUMBER OF PRINCIPAL CROSS SECTIONS
C TRLR CCNTROLS PROCESSING OPTIONS
C XLEX DETERMINE SCATTEBRING TYPE AND ORDER FOR EDIT
C XORD DETERMINE SCATTERING TYPE AND ORDER
........ C XSCI OBTAIN CROSS SECTION PROCESSOR CONTROL INFORMATION FROM
C INTERFACE CONTRL
C XSCO SETUP DYNAMIC DATA STORAGE SPACE
< XsC1 CONVERT ISOTXS TO GRUPXS
C XSC2 CCNVERT ISOTXS TO GRUPXS
C Xsc3 CCNVERT ISQTXS TO GRUOPXS
C Xs5C4 CONVERT ISOTXS TO GRUPXS
C X5C5 CCNVERT ISOTXS TO GRUPXS
C
C******#*********#***t*#********##***#*#*#*****************************#

(CONT)
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C#*******#****#********#***********************#********************#***

C

C CROSS SECTION PROCESSOR SUBROUTINE CROSS—REFERENCING

g SUBROUTINE %%k &k ok ok ok ook dkok CALLED SUBROUTINE e e ok o o ook e sk ok sk ok o ok ok R R
C

C CHOL

C C1I1 CTIZ CTI3 REED SEEK

C CTI2 CHOL HCHK ISTR REED RITE RSTI

C CTIi3 REED

C GXS1 GXS2 REED SEEK

C GXS2 REED XLEI

C HCHK

C IT11 ITI2 REED SEEK

C ITI2 HCHK ISTR NPCR REED RITE R5TI

C IXs51 I¥Xs2 REED SEEK

C I1Xs52 ISTR REED XLEX

C BAIN nopc XsCI XSCU

C BIXC REED

C HIX1 MIX2 REED SEEK

C HIX2 DOPC HCHK ISTR MIXC MIX3 HIX4 MIX5
C NECE REED RITE XORD

C MIX3 ISTR NPCR REED RITE RSTI XORD

C MIXY ISTR BREED RITE RSTI

C MIX5 NECR REED RITE STOR XORD

C M2I1 M2T2 REED SEEK

C H2XY2 HCHK ISTR NPCR REED RITE RSTI

C NECR

C THLR CTI1 GXs51 ITI IXs1 MIX1 M2X1 xscC1
C XIEI

C XCRD

C XSCI FERR REED SEEK SKER

C Xscg hileldu ROXX ROXY TRLR FRECOR GETCOR

C X5C1 nepcC REED SEEK XsSC2

C Xsc2 REED RITE RSTI STOR XORD XsC3 Xscu
C XSC5

C XsC3 ISTR REED RITE

C Xs5C4 HCHK REED RITE XORD

C £scS ISTR REED RITE RSTI

C

3k e o ok ok sk ofs ok ek S ool e o ok K do ook o o o e o kol e Mokl Jok ol o sk ok el Rk o oK SR R o SR S Rk sk ok kR R R koK K

C ook o ok ks ool ok ok o ok e o 3 ok ok ok ol e ok oot s o o ok iR e ke ode ol e s o ok o s ok ol ARl e b ok e ol 2 ok o o ok oo o e e ook ke ofeok ok ok

C

C CROSS SECTION PROCESSOR SUBROUTINE CROSS—REFERENCIHNG

C

C SUBROUTINE *%®rxsikdktxkxi* CALLED FROM SUBROUTINE ¥¥kkkkkksbihhirikk
C

C CHOL C112

C CTI1 THLR

C Cii2 CTIN1

C CT13 CTI1

(CONT)
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C DePC MATN MIX2 X5cu XsC1
C FERR XSC1
C FRECOR XSCUO
C GETCOR XSCU
C G¥s51 TRLR
C GXs52 GXs1
C HCHK CcTI2 ITI2 MIX2 M21I2 Xs5C4
C ISTR CTI2 ITI2 1Xs2 MIX2 MIX3 MIXé 212
C Xsc3 XscS
C ITI1 TRLR
C ITI2 IT11
C IXs1 TRBLR
C IXs2 IX51
C MAIN
C MIXC Wix2
C MIX1 TBLR
C MIX2 MIX1
C MIX3 MIX2
C MIXY MIX2
C MIXS MIx2z
C MzI1 TRLR
C M212 MZI11
C NPCR 1712 H1x2 MIX3 MIXS M212
C REED CTI CcTI2 CTI3 GXs1 GXS2 ITIY ITr2
C IXs1 IXs2 MIXC MIXY MYX2 MIX3 HIX4
C MIX5 M211 M212 XsCr XsC1 XsC2 ISC3
C XsC4 Xsc5
C RITE CTI2 ITI2 MIX2 MIX3 MIXY HIx5 212
C Xsc2 Xsc3 Xscu XsC5
C RCXX Xsco
o C RCXY XsCo
C RSTI CTIZ2 ITI2 MIX3 MIX4 M212 ISC2 X5C5
C SEEK CTIN1 GXs1 ITIN Ixs1i NIX1 M211 XsCx
C XsC1
C SKER XsC1
C STOR NMIX5 Xscz
C TRLR XsCu
C XIET GX52 IXs2
C XORD nIx2 MIX3 MIX5 Xs5C2 Xsc4u
C XsCI MAIN
C Xscu MATN
C XsC1 TRLR
C XsC2 XsC1
C XSC3 Xsc2
C Xscu XsC2
C XsC5 XsCc2
(et 2.2 13 iﬁ****#************#*****#********************* ek ok s ke o ook ok ook s ke e e ok o ok

(CONT)
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(% e 3ok kool ko s ok ek 3K o sk ol sk ol ook ok 3K 3K ok o ek ok otk e okl o ok SR e o ok afeol ok ol ok Yool e ok ok ok o ok ok ok ok ko ok

* *
ITxt CTil
ITI2 CII2

CT13
CHOL

OO0 NAaNOAOOOONO0O0OON0

SIMPLE OVERLAY STRUOCTURE FOR CROSS SECTION PROCESSOR

MAIN
XSCI
XsCUO
TRLR
HCHK
NPCR
XORD
ILEI
DOPC (ROXY) LIBRARY
RITE{REED,ROXX) LIBRARY
SEEK LIBRARY
STOR LIBRARY
ISTR LIBRARY
RSTI LYBRARY
SKER LIBRARY
FERR LIBRARY
GETCOR LIBRARY
FRECOR LIBRARY
DEFILE LIBRARY
CLOSDA LIBRARY

*
*

Aok A A A o o skl ol o dfeole ok ok ok ok e ok e ol ok ol o ok Roteookool ok ke Sk ok kR Bk ok ok

* * * * #®
8211 MIXA IXS1 Xsc1 GXs1i
M212 HIX2 IXs2 i5C2 GX52

MIX3 XSC3
MIXC Xscu
MIx4 XSC5
HIXS

CAM Rk ko oo ok e ofoR o o ook ok ek o o of oK o ok oK K o oK o s ok o ook A oK sfeske st o aeole o ok ook Kok Kok o o o ook ok A oK e oK ok
CHk e ok oo ok oK ok ok ok ok o ok ok o ook R ok ol A oo ok ok kool ok o o 6o ok R ok e oK ok AR o koK KoK ko ke ok

NON-STANDARD

DEFILE

CLOSDA

CHOL

oo caAOOOO0ONO

SEBROUTINE USAGE IN CROSS SECTION PROCESSOR

(CALLED FROM DOPC) ASSEMBLER LANGUAGE ROUTINE
USED TO OPEN DIRECT ACCESS FILES - REPLACES THE
IBM DEFINE FILE STATEMENT

(CALLED FROM DOPC) ASSEMBLER LANGUAGE ROUTINE
USED TO CLOSE DIRECT ACCESS FILES CPENED

WITH DEFILE

GETCOR/FRECOR (CALLED FROM XSCU) ASSEMBLER LANGUAGE ROUTINES

USED TO DYNAMICALLY ALLOCATE AND RELEASE MAIN
CORE STORAGE

(CALLED FROM CTI2) NON-STANDARD FORTRAN ROUTINE
USED TO CONVERT FOUR CHARACTER SINGLE FRECISION
HOLLERITH WORDS TO SIX CHARACTER DOUBLE PRECISION
HOLLERITH WORDS. USED ONLY IN CONVERSICH OF
CITATION CROSS SECTIONS TO ISOTXS

e e sk s e s o ok ok oke ol e ok ok ok ok Skok sk S sl ok ke o ofe ook ook ok ok ok okt ko ok ok ook ok e ool ook deas ok ok ok e o ool ook ek ok ek
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INTERFACE DATA FILE SPECIFICATIONS

Cokte ek ok ok e sk oK ool o ke ok 3k A skl ok st e ok ok o e ok o oK ok 3k 3k 3 Bk o ok ok a o ok ok ok ok ok o ok ko ok R ok ool sk ok ok ok X

c PREPARED 10,/18/73 -
C -
CF CXSPRR -
CE DATA FOR CROSS SECTION PROCESSOR -
C -
CN SEE INTERFACE FILE CONTRL, RECORD XCPINS, FOR REFERENCES -
CN TC ARRAY IX -
C -
C %%k 23 ok ok ol ok e ofe ok ke 3l Sk ke ok ok oK sk % ok ook Sk e ofe o Ak el ke sk ke sk o ok sk sk ook e ol kool ok sieals ol ke A ok e e e ok oK o K ke ok ok ok ok ok
C ———————————————————————————————————————————————————————————————————
cs FILE STRUCTURE -
ol -
cs BECOERD TYPE PRESENT IF -
CS N NN S TN TNt S e s o TR TN TS -
cs FILE IDENTIFICATION ALWAYS -
cs FILE CONTROL ALWAYS -
cs CITATION SET NUMBERS NOP{1) GT 0 -
cs NEUTRON ENERGY SPECTRUM NOP(3) GT 0 -
cs TRANSPORT MULTIPLIERS NOP(4) GT O -
cs -
cs *##%k* (REPEAT FROM 1 TO NOP(5)) -
cs * ISOTOPE DATA NOP(5) 6T 0 -
CS ook Ak -
cs -
cs *#k%k* (REPEAT FROM 1 TO NOP (6)) -
Ccs * ISOTOPE NAMES IN MIXTURE NOP(6) GT O -
cs * ISOTOPE DENSITIES IN MIXTURE NOP(6) GT 0 -
CS o 3k 3 dook ok -
cs -
cs *###x% (REPEAT FROM 1 TO NOP (6)) -
cs * MIXTURE DATA NOP(6) 6T 0 -
CsS ok kkk % -
C -
C ........ A o P s i T TN e A P ] Sl . Ol Sl S S 2 S A AT S PR P Sl sl B U A B U D P A TP e i S . Al A D A, S 2 o o L A At O
(G oo o o o o s o s s ot s e s . ) A e e i e ., i e 2 A 5 . i . e . . i s 2 . A o e e e e -
CR FILE IDENTIPICATION -
C -
CL HHAME, (HUSE(I),Y=1,2) ,IVERS -
C —
cH 3*MULT + 1 -
C -
cD HNAME HOLLERITH FILE NAME - CXSPBR - (A6) -
cD HOSE HOLLERITH USER IDENTIFICATION (A6) -
CD IVERS FILE VERSION NUMBER -
CD MULT DOUBLE PRECISION PARAMETER -
cD 1 - A6 WORD IS SINGLE WORD -
CD 2 - A6 WORD IS DOUBLE PRECISION WORD -
c -
C...-.—.. A P~ (0 > Sl A A . T A O N . N B B < S A . T U D A N A A B S BT S S A S e S < . e NS e e . s ™ S . T o T
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C-—---—--—---— T U " . S T o WL WP WD W o . T T D2 e e R T U W s o0 I s T S P R S Ry AT, IS o e e VP VAT TS Sk AR (TS A RS e PO TS
CR FILF CONTROL -
C -
cL (NOP (I) ,I=1,24) -
C —
o 24 -
C -
CD NOP {1) NUMBER OF CITATION CROSS SECTION SETS TO PROCESS  ~
cD (IF NOP(1) EQ O AND IX(3) EQ 1 AND IX(5) EQ 1, -
CD SET ONE WILL BE PROCESSED) ~
cD NOP (2) SCATTERING BLOCKING FACTOR FOR NUCLICE-ORDERED -
cD FILE CREATED FRON CITATION CROSS SECTIONS ~
cD 0 - NSBLOK = 1 ~
cD N - NSBLOK = N, IF (NGROUP/N)*N EC NGROUP, -
CD OTHERWISE NSBLOK = 1 ~
cD NOP (3) OPTION TO INPUGT A NEUTRON ENERGY SPECTRUM -
CD 0 - NO ~
cD ¥ - YES (N SHOULD BE EQUAL TO THE NUMBER OF -
cD ENERGY GROUPS ON THE CROSS SECTION FILE) -~
CD NOP (4) OPTION TO CREATE PSEUDO DIRECTION DEPENDENT -
cD TRANSPORT DATA -
cD 0 - NO -
cD 1 - YES -
cD HOP (5) OPTION TO INPUT OVERRIDE DATA FOB ISOTOPES -
cb 0 - NO -
cp N ~ YES (N IS THE NUMBER OF RECORDS OF DATA) -
()] NOP (6) NUMBER OF MIXTURES (REQUIRED IF IX{11) EQ V) -
(o} NCP(7) MAXINOUM NUMBER OF ISOTOPES IN ANY HIXTURE . -
cD (REQUIRED IF IX(11) EQ 1) -
cD NOP (8~9) RESERVED -
CD NOP (10) OPTION ON USE OF THE OVERRIDE DATA FOR ISCTOPES -
o)) WHEN NOP(5) GT 0 (APPLICABLE ONLY WHEN -
cD IX(3) EQ 1 AND IX(5) EQ 0) -
cD 0 - DATA CORRESPONDS WITH THE ORDER OF -
CD ISOTOPES IN THE FILE -
cD 1 - DATA IDENTIFIES ISOTOPES TO BE SELECTED -
cD BY UNIQUE ISOTOPE LABEL -
CD NOP (11-23) RESERVED -
cD NOP (24) OPTION ON EDIT DURING CITATION CROSS SECTION -
cD PROCESSING -
CD 0 - NO -
cp 1 - ¥ES -
C -
(C o o0 o om it i o ot o s o0 v s . A S 4 A% B o S S S A U A AT D o 7 R T B A LA AR A . o S £ £ SR Tk T e TR D i >
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o A < i e A B S e . . O S s T S o S S

CITATION CROSS SECTION SET NUMBERS -

PRESENT IF NOP(1) GT 0 -

(ISET(I),I=1,50P1) -

NOP1

ISET

NOE(1) -

SET NUMBERS IN ASCENDING ORDER OF APPEARANCE -
IN LIBRARY -

S v o o > > ks S S BBl P e AL A A SN AP DA A T O Ly S B Bl S . o, e o . Y 2, Bl RS i N S S

c..-- ...................................................................
NEUTRON ENERGY SPECTRUN -

CR
Cc
cC
C
CL
C
Cw
C
cD
C
C

PRESENT IF HNOP(3) GT O -

(NGT(T) ,I=1,N0P3) -

NCP3

WGT

(o ar am o o com o v s o o et % e 2 v S . A 2 At A A T > 2 e s

CR

cC

NOE(3) -

SPECTRUM FOR WEIGHTING IN MIXTOGRE CALCULATION -

o o o A i S . S . S A e S P s S e A o P S 7 S M e A S . . S S S B S . e <o A Sl

et e ot e ot et o

MOLTIPLIERS FOR TRANSPORT CROSS SECTION -

PRESENT IF NOP(4) GT O -

(TRMOD (I),I=1,3) -

MULTIPLIER FOR EACH COORDINATE DIRECTION -
STRPD{I) = TRMOD(I) *STRPL (1) FOR EACH ENERGY -

(oo e oo o o o ot e e o e Ay o o o vt o 0 . e o - - - - — o e

ISOTOPE DATA -

PRESENT IF NOP(S5) GT 0 -
THERE MUST BE NOP(5) RECORDS -

WHEN NOP(10) EQ O, -
THIS DATA MAY BE USED WHEN IX(3) EQ 1 TO CONTROL THE -
PROCESSING OF THE INPUT CROSS SECTIONS. THE ORDER -
OF THESE RECORDS NUST BE ONE-TO-ONE WITH THE ORDER -
OF THE ISOTOPES IN THE INPUT CROSS SECTIONS. FOR EACH -
ISOTOPE READ FROM THE INPUT CROSS SECTIONS, ONE RECORD -
IS READ FROM THIS DATA -

{CONT)
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CH 3) IF HISONM EQ G6HDELETE, THE DATA FOR THIS ISOTOPE -
cN IS NOT WRITTEN ON THE NEW NUCLIDE-ORDERED FILE -
CN B) IF HISONM NE G6HDELETE, THE DATA FOR THIS ISQTOPE -
CN WILL BE COPIED TO THE NEW NUCLIDE~CRDERED FILE -
CN (NON~-BLANK OR NON~-ZERO DATA WILL REPLACE THE -
CN DATA ON THE NEW FILE) -
CH Q) IF AFTER READING NOP(5) RECORDS, THERE ARE ISOTOPES -~
CN REMAINING IN THE INPUT CBOSS SECTIONS, THOSE -
CN REMAINING WILL BE DELETED FROM THE NEW FILE -
CH -
CN WHEN NOP(10) EQ 1, -
CN THIS DATA MAY BE USED WHEN IX(3) EQ 71 AND IX(5) EQ 0 TO -
CN CONTROL THE CONTENT OF THE NEW ISOTXS FILE. THE ORDER -
CN OF THE RECORDS IS NOT SPECIFIED SINCE THE UNIQUE LABEL -
CH (HISONM} IS USED TO IDENTIFY ISOTOPES TO BE CCPIED TO -
cH THE NEW PILE. NON-BLANK OR NON-ZERO VALUES FOR THE -
CN REST OF THE DATA WILL BE PUT ON THE NEW FILE. -
CN THE UNIQUE LABEL CAN NOT BE CHANGED WHEN USING THIS OPTION, -
CN -
cy IF THIS DATA IS NOT PRESENT, ALL ISOTOPES ON THE INPUT -
cw CROSS SPECTIONS WILL BE COPIED TO THE NEW FILE -
C -
CL HISONM, HABSID,HNAT, AMASS,EFYSS,ECAPT, KBR, (IOP (I) ,I=1,3) -
C -
CH 3#HOLT + 7 -
C —
cD HISONM HOLLERITH ISOTOPE LABEL {UNIQUE) (AS6) -
cD HABSID HOLLERITH ISOTOPE LABEL (ABSOLUTE) (A6) -
cD HNAT HOLLERITH ISOTOPE LABEL (REFERENCE) (A6) -
cD ANASS GRAM ATOMIC WEIGHT -
CD EFISS TOTAL THERMAL ENERGY YIELD/PISSYON (W.SEC/FISS) -
cp ECAPT TOTAL THERMAL ENERGY ¥IELD/CAPTURE(N,GAMMNA) -
cD (¥.SEC/CAPT) -
cD KBR ISOTOPE CLASSIFICATION -
cD I0P RESERVED -
C—a——uq R A T e A R > R R TR S D S Mt BB S R D S Al R W W et 4P S AT i D < s Y Sl ARSI < TP AT AN D < S D S T TR T A A S R e A I S T P
C"mﬂﬂnnnam_'--wwﬂwﬂlq‘-o———-—u‘.‘@w-—m’ﬂ-n-«vc-m-m-—mmm““q—mmr@m-q_um—am’“*mﬂmnmm
CR ISOTOPE NAMES IN MIXTURE -
C -
cC PRESENT IF NOP(6) GT O -
cc THIS RECORD AND THE RECORD FOLLOWING APPEAR IN PAIRS -
cC THERE MUST BE NOP(6) PAIRS -
C e,
cL (HISOHMX {I),I=1, NOP7) -
C -
c¥ MULT#NOP7 = MULT*NOP (7) -
C -
cD HISOMX UNIQUE NAME OF ISOTOPE TO BE INCLUDED IN HIXTURE -
cp (BLANK NAMES ARE IGNORED) -
C -
c¥ ANY ISOTOPE INCLUDED IN A MIXTURE ¥ILL BE DELETED FROH THE ~
CH NEW FILE -
C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

(CONT)



CR ISOTOPE DENSITIES IN MIXTORE

ccC PRESENT IF NOP(6) GT O

CL {RDENS({I) ,1=1,NOPT)

cW NOP7 = NOPR(T)
c
cD RDENS

DENSITY OF ISOTOPE TO BE INCLUDED IN MIXTURE

> oo e

(o et i e e o o et it A At e e . . 0 i o . T Al el T D o AP ., D A S A A S i S e A0 e A e D i 2 A o, 2

c —————————————— — At A . . g S A A B st o T S A WA S T Y A s, 2 - -
CR MIXTURE DATA
C
cc PRESENT IF NOP(6) GT O
cC THERE MUST BE NOP(6) RECORDS
c
cL HISONM, HAESID,HMAT, AMASS,EFISS, ECAPT,KBR, (I0P (I),I=1,3)
C
c¥ I*MULT + 7
c
CDb HISONM HOLLERITH MIXTURE LABEL (UNIQUE) (A6)
cD HABSID HOLLERITH MIXTURE LABEL (ABSOLUTE) (A6)
cD HMAT HOLLERITH MIXTURE LABEL (REFERENCE) (A6)
cDp AMASS GRAM ATOMIC WELGHT
cD EFISS TOTAL THERMAL ENERGY YIELD/FISSION (W.SEC/FISS)
cD ECAPT TOTAL THERMAL ENERGY YIELD/CAPTURE (N,GANMMA)
cD (W.SEC/CAPT)
......... cp KER MIXTORE CLASSIFICATION
cD 10P RESERVED
C
CN NON~BLANK DATA SHOULD BE SUPPLIED FOR LABELS
CN AND NON-ZERO DATA FOR KBR
CN AMASS, EFISS, AND ECAPT ARE CALCULATED FOR MIXTURE BUT
Cw MAY BE BEPLACED BY NON-ZERO ENTRIES
c
C A e et e B i AN A D e . T T TR D A . o AR AT S O SO O A A e g g’ R AN i D o S o A b o s bl ol D Aot R D g
CEOF

END OF APPENDIX A






B-1

Appendix B: CODE BLOCK TO CALCULATE REACTION RATES, ETC.

This code block reaction rate integrals by nuclide, certain summary
tables, and such auxiliary results as the primitive fuel conversion (breed-
ing) ratio. It is compatible with the VENTURE code and operational local~
ly as a separate module in the code system requiring less than 50K words
total memory usually. File communication is compatible with VENTURE.

Basic control parameters are indicated in the specifications for the CONTRL
file in the body of this report.

It 1s intended that this code block perform a variety of tasks on de-
mand, independent of the neutronics model applied, using cross sections
and nuclide concentrations from the fiels used by the neutronics codes and
flux data produced by neutronics codes, and perhaps generate a new inter-
face data file. A preliminary list of the tasks follows, but only the first

"""""" is implemented in the present release version.

1. Calculate by zone (and subzone) average neutron, nuclide reaction
rates and integrated summary tables using interface data files
with user control over edit levels

a. Using files NDXSRF, ZNATDN, RZFLUX AND GRUPXS.
b. Repeat with flux, adjoint weighting on option using
file PERTUB.

2. Edit selected maps of individual reaction rates (traverse or on
a plane)

3. Basic cross section collapse capability in Energy and space.

The code structure and subroutine referencing start on page Bl-1

and information about logical input/output units on B2-1. An overlay

structure will not be needed for this release version.






Bl-1

INFORMATION ABOUT SUBROUTINES

¥k sk e ske ool sk e sl e ke e sk sk e sl e e ook sk ok ok sk e sk ok Sk ok e e e e e e ok sk ole ookl ok ek ok ook i ok Kook ol ol skeok el sk sk ok

AUXR
MAIN
RRCI
RRDS
RRTA

RETB

BRRTC
RRTD
RRTE

RRTF

RRTG
RRTH
RRTI
RRTJ
RRTK

RRTL
RRTHM
RRTN
RRTO
RRTP
RBTS

RRTT
RRT1

RRT2
BRBRT3

RRTY
RRTS
RRT6

RRT?7
RRTS
RRT9

o NsEeNsXeXe e K Ra ez Re K NeXs ez e X2 e s Rt Xe Ka Ko Ne e s X NeXe N N2 Ee Ne e e Xe e e X K Ke e Xe R ke N Xt R

REACTION RATE MODULE SUBROUTINE DESCRIPTION

WRITE CONDENSED EDIT

INITIALIZE INPOUT/OUTPUT UNITS

OBTAIN REACTION RATE CONTROL INFORMATION FRCM CONTRL

SETUP DYNAMIC DATA STORAGE SPACE

COMPUTE SPECIFIC REACTION RATES FOR ABSORPTION, FISSION,
BU*FISSION, (N,G}, {(N,A), (¥,P), (M,2N), (NW,D}, AND (N,T)

COMPUTE REACTION RATES, INVENTORY, AND POWER PER UNIT
VOLUME BY ZONE AND SUBZONE

COMPUTE REACTION RATES, INVENTORY, AND POWER BY ZONE, SUBZ
EDIT REACTION BATES, INVENTORY, AND POWER BY ZONE, SUBZ
WRITE REACTION RATES, INVENTORY, AND POWER ON SCRATCH
CNE RECORD FOR EACH ZONE AND SUBZONE (IF NOT ON DIRECT
ACCESS UNIT)

SETUP INTERNAL CROSS-REFERENCING INFORMATION FOR ABSOLUTE
NUCLIDE, NUCLIDE CLASS, AND ZONE CLASS

COMPUTE REACTION RATES, INVENTORY, AND POWER BY ZONE

EDIT REACTION BATES, INVENTORY, AND POWER BY ZONE
COMPUTE REACTION RATES, INVENTORY, AND POWER BY ZONE CLASS
EDIT REACTION RATES, INVENTORY, AND POWER BY ZONE CLASS
COMPUTE TOTAL REACTION RATES, INVENTORY, AND POWER BY
UNIQUE NUCLIDE

EDIT TOTAL REACTION RATES, INVENTORY, AND POWER BY
UNIQUE NUCLIDE

COMPUTE TOTAL REACTION RATES, INVENTORY, AND POWER BY
ABSOLUTE NUCLIDE

ELIT TOTAL REACTION RATES, INVENTORY, AND POWER BY
ABSOLUTE HUCLIDE

PREPARE AND EDIT FINAL SUMMARY TABLE

CONPUTE AND EDIT ENERGY PRODUCING UNIQUE NUCLIDES

CETERMINE STORAGE REQUIRED AND MODE OF SOLUTION AND
INITIALIZE DIRECT ACCESS UNITS IF NEEDED

PRE-WRITE DIRECT ACCESS UNITS IF NEEDED

CONTROLS INTERFACE FILE PROCESSING AND DATA PREPARATION
AND CALCULATION

COMPUTE ZONE VOLUMES FROM REGION VOLUMES

PROCESS RZFLUX AND WRITE ZONE AVERAGE FLUX ON SCRATCH

ONE GROUP AT A TIME

CHECK NAMES AND CLASSES ON NDXSRF AND GRUPXS FOR AGREEMENT

CHECK ZONE VOLUMES

PUT REACTION BATES, INVENTORY, AMD POWER BY ZONE CLASS
ON WHOLE SYSTEM BASIS (DIVIDE BY FRACTION OF CORE TREATED)

COPY PRINCIPAL CROSS SECTIONS FROM GRUPXS TO SCERATCH

COMPUTE TOTAL DESTRUCTION RATE BY UNIQUE NUCLIDE

PROCESS INTERFACE FILE PERTUB AND WRITE ZONE FORWARD~
ADJOINT FLUX INTEGRALS ON SCRATCH ONE GROUP AT A TINE

ok ok sk g ok ok e e e ok sl ok ok ol ok sl ek ke ik e o o afe dfesle ke e sk ok ofe ofe o skl ok e sk skeofe e o o ol of e stk ke ok ok ek ek okok
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C e e A e bt ake ok SO SR Rk o o ok ol ool ol o e i ok o R ol ot ok ool Kok e ok ol ol ok ek o e e s sk ok ok o ok ot ok ook ok Rk kR R

C

C REACTION BRATE HODULE SUBROUTINE CROSS—REFERENCING

C

C SUBROQUTINE koo kke ok kok kg CALLED SUBROUTINE e 3 3 o ok ok ol koo o e fesk deodk e e ok
C

C ATXR

Cc MAIN DoPC RRCI RRDS

C RRCI FERR REED SEEK SKER

C REDS popC ROXX BROXY RRT 1 FRECOR GETCOR

C RETA BE¥ED RITE

C RRTB REED RITE

C RRTC REED RITE

C RETD REED

C BETE RITE

C RRTF

C RETG REED RITE

C RRTH REED

C RBTI REED RITE

C RETJ REED

C RRTK REED

C RBTL

C RETH

C RRETWN

C RETO AUXR REED

C RRTP

C RETS LoPC FERER

C RRTT RITE

C BRT{ FERR REED RRTA RRTB ERTC RERTD RRTE
C RRTF RRTG RABTH RRTI RRTJ RETK RRTL
C RETH ERTHN ARTO BRT? RRTS RRTT RRT2
(o RRT3 RRTY4 RRTS RRT6 RRT7 RRT8 RET?
C SEEK SKER STOR

C BRT2

C RET3 REED RITE SEEXK SKER

C RET4

C BETS

C RRT6 REED RITE

C RERT7 REED RITE

C RETB

C BRETY REED RITE SEEK SKER

C

C Rk oo e oo kR o ok o ok ok s e aleols o ol afcoke o OB ok 3K oK o ol o sk o R ol ol ok ok e e i ool o ol o IR o ofe e e R ok ot 2 ok ok o otk Rl o ok ok
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C*************#**********#*********************t*#*************#***#*#**

C
C REACTION RATE MODULE SUBROUTINE CROSS—REFERENCING
C
C SUBROUTINE ksl sk 3k ok ook s o e CALLED FROM SUBROUTINE e o e ok ool K ok ok B ok dkak %k ok
C
C ADXR BETO
C DepcC MATN RRDS RRTS
C FERR RERCI RRTS RRT1
C FRECOR ERDS
C GETCOR ERDS
C MAIN
C REED RRCI RRTA RRTB RRTC RRTD RRTG RRTH
C RRTY RRTJ RRTK RRTOC RRT1 BRRT3 RRT6
C RRT7 RRT9
C RITE RRTA RRTB RRTC BRTE RRTG RRTI RRTT
C RET3 RRT6 RRT7 RRT9
C RCXX RRDS
C RCXY REDS
C RRCI HAIN
C RRDS MAIN
C RERTA RRT1
C RETB RERT 1
C RRTC RRT1
C RRTD RRT1
C RRTE BRT 1
C RRTF RRT 1
C RRTG RRT1
C RETH RET1
C BRRTIT RRT1
i C RETJ BREBT 1
C RRTK BRT1
C RETL RET1
C RRTHM RRT1
C RRTN RET 1
C RRTO RRT1
C RETP RET 1
C RRTS RRT1
C RRTT RET1
C RRT1 RRDS
C RRET2 RRT 1
C RRT3 RRT1
C RRT4 RRT 1
C RRTS RRTY
C RET6 RRT1
C RRT?7 RRT1
C RET8 RRT 1
C RRT9 BRT1
C SEEK BRCY RRT1 RRT3 RRT9
C SKER RRCI RRT1 RRT3 RRT9
C STOR RRT1
C
C ¥ K Bk ook ok sk ok o sk sk ok Sk ksl dkeak sk A ok ok kool i ok ek o ke ook 3ok e K ok ok ol alak i ok i a ak ok s ok ok o o ok ok ke ok ok ok ke ok
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CoFe ok kg ok ol ol ok oo ek ok ok ool o S ok e ok o R ROk o e ok ok e Rk sl ook d gk sk Kok e o e 3R 2 A ok ook ol ko ok s ool ko ok ok &

C

C SIMPLE OVERLAY STRUCTURE FOR REACTION RATE MODULE
C MODULE MAY BE USED WITHOQUT OVERLAY AT THIS TIHE
C

C MALIN

C RRCI

C RRDS

C RRTA1

C DOPC (ROXY) LIBRARY
C RITE{REED.ROXX) LIBRARY
C SEEK LIBRARY
C STOR LIBRARY
C SKER LIERARY
C FERR LIBRARY
C GETCOR LIBRARY
C FRECOR LIBRARY
C DEFILE LIBRARY
C CLOSDA LIBRARY
C *

C *x

C e s o ok of ok sk ot e sk sk Ak o ol o ok o e ok SRk ok ok o o ool kel R ol

C * * * * * *

C RET2 RET 3 RRTA RRTG RRTY RRTO

C RRTS RRTS RRTB RBTH RRTJ BRTP

C RRT7T RRTT RRTC RRT6 AOXR

C RRT#4 RERTD RRTK

C RRITF RRTE RRTL

C RETS RRTH

C RETH

C RRTS

C

CoR Ak Aok ok ok o 3k e S ok thoakok e ke o o ok ok e A o ol e ok ook o o ok e siod O ol o oo ok Rl sl e o o s o ok el ok SR ok ok ok ok ok e ok ok

C ool e ol ook o ook ok o Rk e sk kok e ko R bk ol SRR e ook Sk Rk ok koo ok sk o s ok ke ok ok ko ok e ol goOK ool e ok R ok X

NON-STANDARD SUBROUTINE USAGE 1IN REACTION RATE MODOLE

Cc
C
C
C DEFILE (CALLED FROM DOPC) ASSEMBLER LANGUAGE ROUTINE

C USED TO OPEN DIRECT ACCESS FYILES — REPLACES THE
C IBM DEFINE FILE STATEMENT

C CLOSDA (CALLED FROM DOPC) ASSEMBLER T.ANGUAGE ROUTINE

C USED TO CLOSE DIRECT ACCESS FILES OPENED

C ¥ITH DEFILE

C GETCOR/FEECOR (CALLED FROYN BRDS) ASSEMBLER LANGUAGE ROUTINES
C USED TO DYNAMICALLY ALLOCATE AND RELEASE HMAIN

C CORE STORAGE

C
C

o A ook oK R R A R o otk i kol sk ok ko K 3 s ook ook o ok ol o e ok o ok ok ok o ek i ofe ok o o o it ol ok o ok e ool o e kR ek e o
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REACTION RATE MODULE SCRATCH INPUT/QGTPUT

0ok el e afe ko e e ok ko o ek e e sl o o ok ok ok ke e ok e ok e ok o aie ke ool ek ok ok e 2 ok afe ke ok e Al ol o ok o o o ol koK e dkok ek

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
Cc
C
C
C
C
&
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

DIRECT BACCESS

LOGICAL OUONIT 40 (IDA1) REACTION RATES BY ZONE
NUMBER OF RECORDS NZONE
LENGTH OF RECORD NACT*NISOU WORDS
OPTIONAL DEPENDING ON MEMORY STORAGE AVAILABLE

LOGICAL UNIT 24 (IDA2) REACTION RATES BY ZONE AND SUBZONE
NUMBER OF RECORDS NZONE + NSZ
LENGTH OF RECORD NACT*NN3 ¥ORDS
OPTIONAL DEPENDING ON MEMORY STORAGE AVAILABLE

LOGICAL UNIT 27 (XIDA3} REACTION RATES BY ZONE C1ASS

NUMBER OF RECORDS NZCLAS
LENGTH OF RECORD NACT*NISOU WORDS
OPTIONAL DEPENDING ON MEMORY STORAGE AVAILABLE
SEQUENTIAL
LOGICAL ONIT 45 (ISR1)  ZONE AVERAGE FLUX
NUMBER OF RECORDS NGROUP
LENGTH OF RECORD NZONE WORDS

ALWAYS USED

LOGICAL ONIT 46 (ISR2) REACTION RATES BY ZONE AND SUBZONE
NUMBER OF RECORDS NZONE + NSZ
LENGTH OF RECORD NACT*NNS WORDS
USED WHEN LOGICAL UNIT 24 IS NOT USED

LOGICAL UNIT 48 (ISR3) PRINCIPAL CROSS SECTIONS
NUMBEER OF RECORDS NGROUP
LENGTH OF RECORD NPSCS WORDS
ALRAYS USED

LOGICAL UNIT 49 (ISRY4) ZONE AVERAGE FORWARD-ADJQOINT FLUX

NUMBER OF RECORDS NGROUP
LENGTH OF RECORD NZONE WORDS
OPTIONAL
DEFINITIONS
IRSUM = IALF + INP + IN2N + IND + INT
NACT = 7 + IRSUM
NPSCS = (U4 + IRSUN ¢ 2% (MAXORD + 1) + NSTRPD) *NISO

NGROUP NUMBER OF ENERGY GROUPS

¥iso NUMBER OF NUCLIDES IN CROSS SECTION DATA

MAXORD NAXINOH SCATTERING ORDER

NFSCS LENGTH OF PRINCIPAL CROSS SECTION RECORD

NSTRPD NUMBER OF COORDINATE DIRECTIONS FOR WHICH TRANSPOBT
CROSS SECTIONS ARE GIVEN

IALF (N,AR} CROSS SECTION FLAG 0,1

INP (N,P} CROSS SECTION FLAG 0,1

IN2N (N,2N) CROSS SECTION FLAG 0,1

IND {§,D) CROSS SECTION PLAG 0,1

INT (8,T) CROSS SECTION FLAG 0,9

NZONE  NUMBER OF ZONES

NSZ NUMBER OF SUBZONES

NNS MAXIMUM NUMBER OF NUCLIDES IN ANY SET

NISOU NOMBER OF DIFFERENT UNIQUE WNUCLIDES FOUND IW SYSTENM
NZCLAS NOMBER OF DIFFERENT ZONE CLASSES
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