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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 al-
ternatively simple Py) 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 U.S5. Energy Research and Development Administration.
Several different data handling procedures have been incorporated to provide
considerable flexibility; it should be possible to solve a wide variety of
problems on a variety of computer configurations relatively efficiently.
Also, it should be straightforward to improve the efficiency for a par-
ticular computer and small range of problem type by changing one of the
programmed data handling procedures. The programming in Fortran is
straightforward, 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.

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, 6-R, 0-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 re-
peating boundary, 180° rotational symmetry, and the 90° slab and the
60° and 120° triangle rotational symmetry conditions.

A variety of types of problems 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 in-
direct 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 Pl Theory Approximation to Neutron Transport.

2. TFunction: 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.

3. Method of Solution: 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 extra-
polation done when distinct error modes establish. Normally the
eigenvalue of a problem is estimated each outer iteration from am over-
i all 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

zone and sub-zone nuclide concentrations.

4. Related material: Standard interface file specifications adopted
in the ERDA Reactor Physics code coordination effort are‘used for
external files. Input data is supplied by a code~dependent external
file generated by a separate processor. Other codes meeting inter-

face specifications will couple directly with this one.

5. Restrictions: This code is quite thoroughly variably dimensioned.
Generally the larger the problem, the more Input/Output required
for iteration. The 1000 spa%e point one~dimensional problem has

been solved within 50,000 word total fast computer memory.

6. 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.
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Running Time: Running time is directly related to problem size

and inversely proportional to some measure of central processor amnd
data transfer speeds. The basic rate of solution of eigenvalue
problems is about 200 space energy points per second of central
processor time on an IBM 360/91; this rate falls off approximately
as (10/N)%-7 where N is the average number of points in one dimen-—
sion, less when the amount of data I/0 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 (multi-thermal-group
treatment) require additional computer time by a factor of two or

three.

Programming Languages: 'The programming is basically in the ASA 1966
FORTRAN language excepting certain extensions, especially those
required for unindexed block data transfers and direct access. Known
limitations of manufacturer's current compilers are not exceeded:
for example, arrays are limited to three dimensions, dummy arguwents
in subroutines to sixty, and subscripted subscripts are not used.
Certain standard routines developed in the ERDA Reactor Physics code
coordination effort are used, as for input data processing and data
file managing; locally implemented procedures are needed as to make
available elapsed computer time for executing certain user options.
Local system routines used to allocate memory and to set up the di-
rect access file specifications dynamically would require veplace-
ment. The source deck consists of about 30,000 statements (VENTURE

proper).

Operating System: The basic 0S-360 IBM operating system has been
used under HASP with a FORTRAN IV, H level compiler version 20.1.

Access capability in the modular sense is essential.

Machine Requirements: A 32,000 word coxe is needed, and preferably
one much larger; auxiliary storage of the disc or drum type is essen-

tial, preferably several on different data channels. The programwming
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is included for three-level hierarchy data storage of efficient use of an
extended slow memory for large three-dimensional problems when such a

memory is available. Typically the code uses 27 logical 1/0 units.

11. Authors: D. R. Vondy
T. B. Fowler
G. W. Cunningham
Oak Ridge National Laboratory
P. 0. Box X
Oak Ridge, Tennessee 37830

12. References: a. D. R. Vondy, et. al., "VENTURE: A Code Block for
Solving Multigreup Neutronics Problems Applying the
Finite-Difference Diffusion~Theory Approximation
to Neutron Transport: ERDA Report, 0Oak Ridge National
Laboratory, ORNL-5062 (1975).
b. B. M. Carmichael, "Standard Interface Files and Pro-

cedures for Reactor Physics Codes, Versiom III," AEC

Report LA~5486-MS (February 1974, revised!)

13. Material Available: The package being submitted to the Argonne Code
Center includes Fortran card images for a driver code, the VENTURE
neutronics code block, a cross section processor code block, a reaction
rate calculation code block, and four special iuput data processors.
Assembly language decks of locally used routines are included and

copies of the documenting report.
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Section 001: 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 1is
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 eriticality search problems. Perturbation results based on macroscopic

cross sections are produced by option.

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

symmetry conditions.
The method of solution implemented is an iteration process.

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 1950'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 at economical solution of problems encountered-in analysis. The

b

previous code programmed in this effort was CITATION.

“See ORNL-4078 for example,

bT. 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).
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Many individuals have worked on developing and implementing proce-
dures for solving diffusion theory neutronics problems, especially at the
AEC National Laboratories,a but also in private companiesb and in other
countries.® 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 equa-
tions 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 neutrcon balance, summed neutron
balance equations, or from the source ratio, and the calculation is con-
tinued to satisfy specified convergence criteria. For an indirect cri-
ticality search, an additional outer iterative loop is required 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

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

“See AEEW-R682, TRG-229(R) .
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'-- Problem Setup, Initial Access to Interface Data Files
!~* [Search Loop]

- Macroscopic Cross—Section Calculation

-=— Equation Constants Calculation

~— Initialization Procedures

Tfk"mu'“m‘w““m'ﬂWN_?,_ Required Scratch Data File Processing

T p e T Quter Tteration Loop
—— Fission Source Calculation
R ~i~- Loop Over Energy Groups
- Inscatter Source Calculation (PO, Pl)a
5 j~— Inner Iteration Loop
L mm!~— Line Overrelazation
—— Eigenvalue Calculation

-~ Outer Iteration Acceleration

i —-— Edit Iterative Results

X ~~ [Direct Search Return to Upgrade Cross Sections]

et =~ Convergence Test on Oyter Iteration

-~ [Indirect Search Return]

. ~ ot ~= Return for Residues Calculation (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

\d

[RETURN

-~— Perturbation Integrals, I Importance Maps

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

a . . . . .
The inscatter source calculation is normally done outside the inner
iteration loop, however in one data handling mode this source is cal-
culated inside the inner iteration loop to minimize I/0 operations.
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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 bhuckling,
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 required.

The calculation of macroscopic cross sections, using the nuclide
densities and microscopic cross sections and of equation constants is
done in the head end of the code. As shown iau 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 crifticality 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.

Alternative Procedures and Large Problems

The code contains parallel procedures involving different ways of
handling data involving varying degrees of data transfer between memory
and auxiliary storage within a flexible, basic iterative procedure. Auto-
matic selection between these allows effective application on different
computer hardware configurations to solve a variety of problem sizes.
Still, modifications may well be required to most effectively use a par-
ticular 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.
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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/Qutput required to solve the larger problems is indeed sig-
nificant. 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
Physics Branch of the Division of Reactor Research and Development of
the U.S. Energy Research and Development Administration. For example, all
user input data is processed by a separate block of coding; this neutronics
code block only interfaces data files. It uses microscopic cross sections
supplied in a standard interface format from any source; other code blocks
are Being programmed elsewhere to. generate this data, and vet others to use
the results from the neutronics calculation. This coupling between major
code blocks is effected by satisfying hard interface data file specifi-

cations.

We believe this code block satisfies the primary objective of this
effort: development of a neutronics code which uses standard interface
data files; one which can be converted from one computer to run on another
relatively easily and permit effective and efficient utilization of com~

puters having a variety of hardware configurations.
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The programming is all done in the Fortran language. Basically, ASA
1966 standard Fortran 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 manufac-
turer's compilers have quite generally not been exceeded. For example, the
maximum number of dimensions of any variable is three, the number of argu-
ments in subroutine statements is limited to sixty, and subscripts are not
subscripted. Both short and long word storage of data are used for effect-
ive execution on IBM 360, 370 series computers (very low accuracy is assoc-—
iated with use of short words, single precision, 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 not 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.

Status

This documentation covers the first release version of a new code.
Our experience in documenting major codes under active development,
development which must appreciably lead publication, has been that (1)
initjal documentation tends to be inaccurate, (2) the effort required to
provide some anticipated capabilities must be deferred to satisfy other
requirements found to be more important (and projections of satisfying
programming goals ifend to be over-optimistic), and (3) feed-back from
production use by other than the originators is essential to the process
of development of accurate documentation readily understood by the casual
user. Nevertheless, a reasonably amount of effort has been expended in
the attempt to produce good documentation. AL the time of formal release,
this code and auxiliary ones to it will represent a direct effort at ORNL

of about eight man years.
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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 the nature of the
effort, a straightforward extension of capability which has had wide appli-

cation on a production basis.

The VENTURE and related codes are in routine production use locally
and via remote terminal from other installations. Producticn use has con-
tributed directly by feedback to the developed capability and reliability.
Some of the individuals involved are E. J. Allen in the Reactor Division,
S. C. Crick at CGeneral Electric (Sunnyvale), and D. Lancaster at Westing-
house (Madison). Testing of an early version of the code at LASL by G. E.
Bosler and R. D. Odell on a CDC-7600 computer also made contribution. The
code has yet to be used directly in conjunction with other code blocks
for repeated solution of problems in depletion and fuel management analysis.

Therefore, the provisions for control and repeat calculations may be incom-

plete.

The operation of the interfaced code blocks in a modular system
locally is yet in a stage of development. Testing has been done with
relatively crude programming to process the required input data instruc-
tions and to convert available cross sections into a standard nuclide-

ordered interface file and then into an energy-group ordered file.

END OF SECTION
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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
files must be made available, and there must be adequate space allocated
on each logical unit for the data carried on it. It is expected that
much of the user burden regarding allocation of space can be relieved
by use of a reference job control procedure available to the operating
system; however, especially for solving large problems, it will be
necessary to change the allocations by overriding those provided in
the job control procedure. This procedure will also generally relieve
the user of supplying a subroutine overlay structure; an overlay

structure is not needed when the code is used as a load module.

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
supplied to it must be in well-defined interface data files. Results
from the code are placed on other interface data files on demand for
subsequent 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 as discussed in
detail in Appendix C. The code is placed in executable load module form
with an incorporated overlay structure, assembled. It is available on
disc which may or may not be on-line. A catalogued proceduré stored on
disc contains basic job control instructions with provision for changing

the space allocations and data blocking factors. Changes to the program,

to the Fortran language compiler instructions, can not be done simply be-
cause reloading is necessary; such changes are therefore not allowed gener-

ally by the local user community. The code is used on a production basis

locally and remotely from other installations via remote terminal. There-~
fore, modifications must be carefully assessed and proofed prior to

general use.
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Other modules are in use in this system. These include a standard
input data processor to generate interface data files, a cross section
data file processor, and a code to produce reaction rates and related
results. Special input data processors are also in use which generate
data files. New modules will be phased into the system as they become
available and are made compatible; for example, depletion capability

should soon be available.

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 per-
formed; it increases with the number of Input/Output 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 multi-
tasking system cannot achieve overlap of calculation and data transfer.

A reference rate of fast reactor problem solution is 200 space-energy
points per second IBM~360/91 cp time. This rate falls off approximately
as (10/N)%.7 yhere 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 reactor or a cell with reflecting boundaries. Relative
cp time for the IBM-360/195 is about half that for the /91, and the
IBM-360/75 cp time is about four times that of the /91. Current local

charge rates are given in Appeuadix D.

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 dimen-

sioned) ~- 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.
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3. Buffer Area — This storage is required to allow data to be trans-
ferred in blocks, and is most important where large amounts of data are
accessed repeatedly, as at the heart of an iterative procedure. Careful
allocation of the buffer storage is important for effective machine
utilization. The best allocation depends on the problem and the available
facility, so user 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.

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

variably dimensioned. The amount of storage required depends on an
involved combination of the primary variables of a problem, the options

exercised, and the mode of data handling selected.

There are six data handling modes programmeda and the one selected

by the code depends upon the avallable core storage. A user-supplied input
number is the dimension of the container array in which all problem depen-

dent wvariables are stored. The modes of data handling are:

1. Data stored for all groups, all planes ("all-stored" mode).

2. Data stored for one group, all planes ("mesh-stored'" mode).

3. Data stored for one group, several planes (3-D problems only)
(""plane-stored" mode)b

4. Data stored for one group, several rows (2-D problems only) (''row-

stored" mode).

aSee Section 225 for details.

bAfter determining the number of inner iterations to be done for a given
problem, the code normally will store as many planes of data there are
inner iterations (to minimize I/0) providing enough core storage is avail-
able. This built-in procedure may be overriden by option.
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5. Data stored for one group, one row ('one-row-stored" mode).
6. Data stored for one group, several planes (or one plane for 2-D
problems) in extended slow core and moved by smaller blocks into

fast core ("multi-level data transfer' mode).

The code edits a table of data storage requirements for all the appli-
cable 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.

Basic Requirements (IBM short word, 4-byte)

Program 28, 400
Library Routines . 8,200
Buffer Area 5,000~30,000
Minimum Data 5,000

When operated under a resident driver, about 11,000 additional words
of memory are required, the amount depending primarily on the system
library routines used by it.

Continued effort on this code will probably introduce additional
alternatives further complicating data storage requirements. Still,
automated selection between alternatives minimizes the burden on the
user. It is hoped that added coding can be incorporated within a simple

overlay scheme such that the storage required for program will not

increase much.

Auxiliary Storage

In solving a large problem, this code may well tax available capa-
bility for fast access storage. A 2.5 x 106 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 one or
two coples of the equation constants, each requiring about four times as
much space as one set of flux values. Not only must this storage be avail-

able, geunerally on disc units, but also separated between control channels

for efficient data transfer. When one disc unit is inadequate to hold

a file, the data must span two or more units. Details of the files are

discussed in Section 204.
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To exercise control over the interface data files, a user must have

information about these; refer to Section 204.

END OF SECTION






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 done without
indexing in the guise of the REAL type, and the direct access mode of
data transfer is used. ULocal system routines arz used to allocate memory
and to define the direct access files and access parameters dynamically,
and also to obtain time and cowputer model; the functions of these voutines
would have to be satisfied or requirements and associated capability by-

passed.

END OF SECTION
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Section 201~1 Information About Subroutines

Here principal information is provided about the subroutines. Where
practical, they are grouped into sets to identify those which are used

together to perform some well-defined function.



201-2

VENTURE SUBROUTIWES

THE ACCESS, CONTROL, A¥D GENERAL PURPOSE ROUTIWES

100
VERT

DRIV

DIFF

CORE

CORT

DASY

TIKER
STOR
SKER
FPEER

e AR R X o AR S S € xR SO

ENTRY POINT TO THE VENTURE NEUTRONICS CODE BLOCK
CALLS ERRSET, TINER, DOPC, TO¥O, VENT, DRIV
ASSIGHS L[NPUT/OUTPUT UNIT NUMBERS
ACCESSES CODE BLOCK CONTROL INFORHATION
CALLS SKER, FERR
PASSES INFORMATION TO THE CONTROLLER RODTINE
ALLOCATES CORE STORAGE
CALLS GETCOR, ROXX, ROXY, DIFF, DOPC, FRECOR
CONTROLS THE CALCULATION
CALLS CORE, #ACi1, CO¥1, PHIA, ORLX, COHC, LCAL, FLKR,
FXSR, BSQ¥, AJNT, PROS, DOPC, OUTR, DSDF, DCID,
DIES, AJDS, FLRD, ADE1, EDIT, SAVi, PERT, TIMER
DETERNI €23 STORAGE REQUIREMENTS AND DATA HARDLING MODES
CALLS CORI, CORP, GNAHM, CORD, CORE, DDSP, DASU, SKER,

FERR

OBTAIN FILE SPECIFICATION RECORD FROH IXTERFTACE FILES HDXASRF,

ZEATDN, GRUPXS, AND GEODST
CRLLS SKER
SETGP DIRECT ACCESS PILES
CALLS DOBC, FERR
SERVICE ROUTIHE FPOR COMPUGTER TINME ETC.
SERVICE ROUTINE FOR MOVING DATX IN¥ MAIN MEMORY
FILE MANAGEMRNT RELATED ERROR HESSAGES
ALL OTHER FATAL ERROR HESSAGES

THEZ INPUT/OUTPUI ROUTINES

0 e

SEEK

CRIT

DEFILE

CLOSDA
POSAH

2D AT AT AP CEN D A R T W S o

I¥ITIALI4ES, OPENS, AND CLOSES DATA FILES
ENTRY R0XY  COMHUNICATES DATA ARRAYS
CALLS SEEK, RITE, DEFILE, CLOSDA, (FESAN AY¥D ENTRIES)
DATA TRANSFER MANAGER AMD ¥RITES DATA (FORTRA¥ WRITE} -
CALLED BY HOST ROUTINES3
ENTRY REED  READS DATA (PORTRAY READ) -~ CALLED BY MOST
ROUTIKES
EWTRY ROXX  COBHUNICATES DATA AHRAYS
CALLS CRIT, CRED, (FBSAH AND ENTRIES)
INTERFACEZ DATA PILES MANAGER
CALLS RITE, REED
ASSEMBLY LANGUAGE ROUTINE FOR CORE TO EXTENDED CORE DATA
TRANSPER (SEE SECTION 203 FOR THE FORTRAN EQUIVALENT)
ENTRY CRED  EXTEEDED CORE TO CORE DATA TRANSFER

ASSENBLY LANGUAGE RCUTINE 70 EXECUTE THE FORTRAR DEFINE FILE

STATEHENT UGSI¥G PROEBLEH DEFEVNDEXT YARTABLES (OPENS DIRECT
ACCESS FILRES) - ACCESSES SY¥STEM ROUTIBE IHCEDIOS

ASSEMBLY LAUGUAGE ROUTIEE TO CLOSE DRIRECT ACCESS PILES
LOCRL I/0 ROUTI¥E USED ALONG ¥ITH THE IBM I/0 PACKAGE TO

PRODUCE SPECIAL CAPREBILITY ~ EOT USED I¥ THE CODE AS RELEASED

{CO¥T)
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s THE CALCULATION CF MACECSCCPIC CRCSS SELTICKS

e A Al A ACD WP W B R WS WA MDD W e TR KRS A RS W AN M MO OO A 0N N AL e D A

MACH CCNTECLS REACRCSCCEIC CRCSS SECTION CALCULATICN
CALLS MACAE, MACB, KACZ, SCEL, MAC3, HACSH, CHDM, MACH,
MAC6, SKER, FERR
MACA INITIAL EBOCESSING CF GEUPIXS
CALLS STOR
MACB CHECYX NWARYS AND CLASSES ON NDXSEF AND GRUPXS FOR AGREEMENT
MAC2 CALCULATE MACROSCOPIC PBINCIPAI CRCSS SECTICONS
SCalL LOCATES ECSITICN CF SCATTEBING FECCRDS ON GRUPXS
MAC3 CALCULATE MACROSCOPIC SCATIRRING CRLSS SECTICNS
MACS ADJEST DIFFUSICN CONSTAXT ARD SCATTERING DATA FOR P11 CALC.
CHDH CHECK DIMENSION SEARCH DATA
CALLS SKER
MACY CALCULATE MACROSCOPIC SEARCH DA12
MACSH EDIT BACBCSCOPIC CRCSS SECTIONS

THE CALCULATION CF EQUATICE CONSTANTS

—— ———

CON1 CONTBCLS EQUATICN CCNSTANKTS CRLCULATION
CALLS MSHO, N¥BCF, MSH1, CD¥2, GBOQ, CON3, MSH3, CKCT,
CCHB, CCES5, CON7, CON9, STOR, SKER, FERR
NSHO SETUP COARRSE MESH PARAMETIEES FCE 1D A¥D 2D CASES
KRCF CONYEET BEEGION ASSIGNMENTS BY CCAFRSE MESH TO FINE MESH
NSHY CALCULATE FINE MESH DISTANCES
o COoN2 SETUP BCUKDARY CCNSTANTS AND EBUCKLING
GEDQ CHANGE FROM 3D T0 2D CASE
CON3 RESTRUCIUEE MACEOSCOPIC CATA ANL ZERO ROD CROSS SECIIONS
CALLS NROD, S1I0R
MSH3 EDIT PINE NESH DISTAKCES
CKCT SETUP INLEXING FOR DIFFUSICN COXSTANTS
CON4 CALCUIATES LEAKAGE CONSTANTS
CALLS NROD, BEDY
CONS5 CALCUIATES LEARAGE CONSTANTS [TRIAGOHAL)
CALLES NROD, BNDY
CON7 CALCUIATES LEAKAGE CONSTANTS {EEXAGONAL)
CALLS KROD, BNDY
CON9 CALCULATE ZONWE VOLUEES FERON REGIOR YOLUMES AND DETERMINE ZONE
WITE MAXINUM NU*SIGPF*VOL
CALILS NEHOD
NROD FUNCTION 70 DETERMINE INTERRAIL BLACK ABSORBEF ZCNES
BHDY FUNCTIOE T0 CALCULATE NON~KETURK LERKAGE COHSTANT

THE INITIALIZATICN PROCESS

A A - A DD B ADAD 2 2t s s W

PHIA CONTRCLS FLUX IRITIALIZATIICH
CAILS PHIY, FHI2, FHI3, FEER
PHI1 INITIAL FLUX IS COMETANT
CALIS NROD

{CONT}



PHI2
EDBYW

SDBH
PHI3

PHI&
PHIS
PHIG6
PBND
PC2D
PC3D
ORLX
BATG

LUCK
CON6
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INITIAL FLOX IS A FUNCTION OF SEACE AWD ENERGY

CA1LS5 EDBN, SLEN,

BROT

CALCULATE ENERGY DISTRIBOUTION FURCTIOW

CALCUIATE SPATIAL DISTRIBUTIOK FUNCTIOKRS

PROCESS INITIAL FLUX PROM PLUX INTERPACE (MAY BE EXFAWDED TO
HEW KESH EXCEPT FOR TRIAGONAL AKD EEXAGONAL GEOMETRIES)

CALLS PHI4, PHIS
1D ELOX EXPANSION
2D FIUX EIPANSIOHN
CALLS PBED, BPC2D
3D FLUX BXPANSICH
CALLS PBND, PCZD,

o ERIS,

BEC3D

NRCD, SKER

FUNCIION T0 DETERMINE ARTIFICIAL FLUX POINT
FONCTION 10 DETERMINE ARTIPICIAI CCRNER POINT - 2D
FUNCTIIOK 10 DETEBRMINE ARTIFICIAL CCRNER POINT - 3D

CALLS PC2D

CONTBCLS CVERBELAXATION PARAMETEER INITIMIZATIOR

CALLS BATG, COHN6,

FERR

CALCULATE OVERRELAXATICON COEFFICIENTS AND INNER ITERATIONS

CALLS LOUCK, XNROD

FUNCTION 10 DETERMINE MESH DEFENDENT PARANETER FOR LAMBDA
PREFABE HACROSCOPIC CROES SECTICNS AND CTIHEE DATA FCR

ITERATIVE PROCESS

THE ITERATIVE FECCESS

s D . ot Sl . BT R 0 it e

CONC
LCAL

FLXR
FXSR

BSQV
AJNT

REVA1
PROS

ZI03
DSDF
DCID
DINS
ADJS

DIM1T
DIX2

DIN3

ZVRV
FLRD

UTIIITY BCUTINE

CALCOULATES STARIING ADDRESSES IN DATA AERRAY

CAILS FERE
OBTAINES INITIAL FLUX
OBTAIRS A FIXED SCUEBCE

CALLS SKER

SEAECH CAICULATION UTITITY ROUTINE
SETS OGP INPUT,/OUTPUT FILES FOR THE ADJOINT PEOBLEN

CAILIS REV1

PROCESSES SCATTERING DATA FOR ATJCINT PROBLEA

SETS UP I®PUT/OUTFUT F
CALLS 2103

ILES

PROCESSES PRIBCIPAL CROSS SECTICNS

CALCULATES INDIRECT NOUCLIDE SEARCH CHANGE EIGENVAILIUE
CORTIRCLS SEABCH CALCUIATION EXIT CETIONS

CALCULATES DIMENSION SEARCH CHASGE PACTCR

CONTRCLS LIMERSION SEARCH CHANGES

CALLS DIM1, DIK2,

DIN3

REALS CCABSE MFSH MCDIFIERS FEOM SEARCH INTERFACE FILE
CONTROLS COARSE MESH AND VOLUHNE CHARGES ~ WRITES HEW GEOLST

CATLS CMES, CEGY

CONTROLS CHANGE ZONE VOLUMES

CALILS ZVEV
CHANGES ZONE VOLUMEES

= HRITES NEW NDXSBE INTERFACE

REALS GEGDST FOR FINAL ELIT OF KESE - DIKENSION SEARCH

CALLS FLHE

(CORT)



CHMES
CRGY

CHVL
PLMH
OUTR

BALC
ZINS
CHRY¥
CHB1
CHB2
XTIRP

JUSB
ATED
FPFGG
RDUE
RELX
PSOR

SSOR
PSOR
FLOX

MUEX
ETR?
ETR2
SGDA
DOIN
RRES
WRES
PREC
ADN1

ApN2
ADN3
INR1

LoD
FOU1
5001
PO
LEK1

INR2
FOU2

Loyz2
son2
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CHANGES CCURSE MESH

CALCULATE BRBGION VYOLS FROM POINT VCIS

CAIL1E CHYL
CHANGES REGION VOLUMNNS

EDITS PINAL MESH - TIMEESICHN SEARCE

OUTER ITERATION CONTROLLER
CALLS DOIN, ZIKS, FSOB,
., WRES, RRES, PREC

SSCR,

¥LUX, PSOR,
» PUEX, CHEF, CHB1, CHE2, ETRY

+ ETR2, ATEL, SGDA, FEFFR

NEUTRON EALANCE CALCULATION

CALCUIATES THE DIBECT SEARCH FRCBLENM

CHEEYSHEV ACCELERATION EROUTIN
CHEEYSHEY ACCELERATION RCOTIN
CHBEYSHEY ACCELERATION ROUTIN
ASSESSES FLUX CCNVEEFGENCE

CALLS PPGG
OVERRELAYIATICN COEFFICIERT CC
ELITS ITERATION DATA

E
¥
B

NTEOL

CALCULAZTES PLUX EXTFAPOILATION F2RCTCRS
RESICUE ESTIMATE OF THE MUILTIFLICATION FACTOR

SOLVES FCR THE FLUX VALUES BLCNG A FOW AND OVERRFLAXES THEM

FISSION SOORCE CALCCUTLATION CORTRCIIER

CALLS PCU1, FCU2, FOU3,

FOO4,

¥OU5,

SCATITERING SOURCE CALCUIATION CCNIGCL

CAILS sScuy, souv2, sco3,

P-1 SCATIERING SOURCE CALICULATICN CCNTRCL

CAIIS PCO1, ECU2, FQU3,
INNER ITEBATION CONTROL
CAILS IT¥RY1, INE2, INR3,

EXTRAPOLATION PARAMETER PROCESSING

scuy,

s005,

FOU4, POUS

INEG,

INRS,

SINGLE EEROR MCDE F1UX EXTRAPCLATICM
DODELE ERROR MODE FLUX EXTRAPCIATICK
SAVES AKL BETRIVES EATA LUKING LIFECT NOCLIDE SEARCE

FLUX CALCULATION UTIILITY ROUT
BEATLS RESTART FILE
WRITES RESTART FILE

INE

BYIGENVALUR

FOU§

S006

INRG

CALCULATES ONE-DIMENSIOKAL SWEEE FRHAMETERS

CONTROLLEB FOR UPDATING ATOMIC DEXNSITIES

CAILS ADN2, ADN3, FERS,
OPDATES ATONMIC DERSITIES
EDITE AICE DENSITIES

SKER

INNER ITERATION CONTIROL {1 RO¥ ETCHEED NCDE)

CAIlsS LCDY, EDUE, ERELX,
IN-LEAKAGE CALCULATION
FISSION SOURCE CALCULATION
SCATTERIMG SCURCE CALCULATION
P-1 SCATIERING SOURCE CALCULA
QUT-TEARAGE CALCULATION

INNER ITEBATION CONTEOL (ALL LATA STORED MODE)

CALLS LOD2, RDUE, RELX,
FISSICN SCURCE CALCULATICN
IN-LEAKAGE CALCULATION
SCATTIERING SCURCE CRALCULATION

{COXT)

LEK1

TICH

IE¥2

JusB, BALC,

ITRP
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POU2 P~1 SCATIFRING SOURCE CALCULATICY
LEK2 CUT-LERRAGE CALCULATICH

IWR3 INMER ITERATION CONTROL {SFACE ERCELEM LATA STORELDL HODE)
CALLS LOUG3, RDLE, RELX, LEE3

LoU3 IN-IEAKAGE CALCULATION

FOU 3 FISSIO¥ SOURCE CAICULATIGH

S0U3 SCATIERIA®G SCUORCE CALCULATIOW

POy 3 P~1 SCATIERING SOURCE CALCOLATICHW

LEK3 CUI~TFARAGE CALCUIATION

INRE I#NER ITERATION CONTROL (MOULTIPI® ELANE DATA STORED HODRE)
CALLS 1LOUH#, QDUE, QELX, IXK4, SOUX, J1Ci
LCU# IR~-IEAKAGE CALCULATION
FOU 4 FISSION SODRCE CALCULATIOR
S0U4 SCRTTERIKNG SOUECE CALCULATION
SOux SCATTFR ING SGURCE CALCUILATION
BPOUY P~1 SCATIERTNG SQURCE CAILCULATICN
LER4 QDT ~LEARAGE CALCULATIOHN
Jicu DEL DCT J CALCUIATICN
QUUE ACCESSES RESTIDUE CAICULATICWN
CALLS RDUE
QELX ACCESSES FLUX CALCUIATICN
CAILS RELX

INES INNER ITERATION CONTROL {MULTI-GOW STORED MCDE)
CALLS LOUS, RDUE, RELX, IER5S, J1C5

LOU5 IN~TERKAGE CALCULATION

FOUS FISSION SONRCE CALCOLATIOH

sS0us SCATTERIEG SQURCE CALCULATICN

POUS P-1 SCATIERING SOURCE CRICOLATICH

JiC5 DEL DCYT J CALCUIATICH

INRG CCNIRCLLEF ROUTINE FOR THE SPECIAL ONE-DIMENSIOVAL PROCEDURE
FGUS FISSION SCURCE CALCULATICH

S006 SCATTERING SCURCE CALCOYATION

DELX LINE RELAIATIOR 9ITHOUT CVERRELAXATION

IHRX INNER TTEFATICH CGUTROL (MULTI-IBRVEL DATA THANSFER BODE)
CALLS LOUX, ECDUE, FELX, LERL, SOUZ, J1CX

LOUX IN-TLEAKAGE CALCULATION

FOUX FISEICN SCURCE CAICULATICH

SouY SCRITERI¥G SOURCE CALCUIATIOHR

SCUZ SCAITERLEG SOUBRCE CALCULATION

POUX P~1 SCATIERING SOURCE CALCULATICE

LERX CUT~LERRAGE CALCUIATIOYN

J1ICX DEL. DCT J CALCULATICH

(CONT)



THE EDIT BRCUTINES

- s A n o ——— -

ELIiT

coRp
GNAM
CORD
CORE
DDSP
POUT
NBAL

SOBL
FIS3

B5QS
PNDN

FPLY¥
SAV1
5AV2

SAV3
SAVY

SAVS
SAV6

SAV7

CONTEOLS EDITS
CALLS NBAL, PNDN, FLX%, FERT, BSQS, FISS
EDIT ERCEIEM DESCEIETION
ELIT GEONETRY AND CHECK POF VALIDITY
EDIT1 XAJCEF PROBLEM EARAMETERS
EDIT BOUNLARY INDICATORS AND CHECX FOR VALIDITY
EDIT SYXBCLIC PARANETERS FCR LISK SPACFE (IBM 360 JCL}
PRINTS FLUX, POWER DEWSITY, NEUTRCF DENSITY
PRINTS NECUTRON EALAKRCE
CALLS SOBL, SKER
CALCUIATES NEUTECK EALANCE SC2ATTERING DATA
WRITES FISSTON SOURCE INTERFACE ({FISSOR)
CAILS SKER
CALCULATES BUCKLINGS IN 3-D PRCBLENS
CALCUIATES PCWEE ANL NEUTRON [FKSITY
CALLS POUT, SKER
WRITES FIUX INTEBRFACE LATA FILE
CALLS POUT, SKER
SPECIAL LATA COTEUT IN ECD FORM
CALLS SAV2, SAV4, SAVE
SPECIAL LATA OUTEOT IN ECD FGENM [GECDST)
CALLS SAYV3
SPECTAL L[ATA CUTEUT IN ECD FORM ([GECDST)
SPECIAL L[ATA OUTIPUT IN BCD FORHW (ERDINT)
CALLS SAYVS
SPECIAL LATA OUTPUT IN BCD FORM {EEDINT)
SPECIAL LATA CUTEUT IN ECD PCHM (RTFLUX)
CALLS SAV7
SPECIAL LATA OUTPDT IN ECD FCEM {EBTFLUX)

THE PEETUREATIICH ROUTIRNES

M S D N D LW 8O W WD s S A PV PE A O

PERT

DAFA
LIPE
TOFY

BEB1
BREB2
PERO
KAPS
PMAP

QouT
RTUB

MRPT

PERICRBAIION CCNTEROI
CALLS DAFPA,LIFE,TUFY, PERC,¥AFS,RTUB,QOUT, SKER
SETS UP IWPUT/00TIPUT FILES FOR EERTURBATICON CALCULATION
CALCULATIES BASIC PERTUREAT IOR IRTEGERALS
CALCULATES TRANSPORT PERTURBATICN IXTEGEALS
CAIIS BBB1,BEE2
PERTURBATION UTILITY ROUIINE
PERTURBATIION OTILITY RCUTIKE
EDITS PESTIURBATION INTEGRAIS
CALCUIATES SPACE EFCINT IMPCRT AN{E MAPS
CALLS PHNAP
CORTECIS ELIT OF INECRTARNCE MAELS
CALLE Q00T
EDITS SPACE POINT INMEORTANCE H2PS
WRITES INIERFPACE FILE PERTUB
CAILE SKER
CALCULATES CHANGE IN KEFF DUE 10 SIGEAS

{COKT)



SPECTAT ROUTINES

GETCOR ASSEMELY IANGUAGE RCUTIXE TO ALIOCATE CORE DYNAMICALLY FOR
THE VRRIBELY DIMENSIONED ARRAYS AT RUN TINE

FRECOR ASSEMBLY IANGUAGE KCUTINE TO F¥REE CORE ALLOCATED BY GETCOR

ERRSET SUPPLIES THE LEVEL OF ERROR ST0FS TO THE SYSTEN

LABEL COMNCH BLACKS

CNTRL
VCTRL
MGNT IO
TOUNT
AFLUY
AOSUB
LIMTS
ADRES
FSWAP

ENL CF SECTION 201
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Section 203-1: 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 auxi-
liary storage into memory, RITE moves data from memory onto auxiliary stor-
age. These transfers are made in blocks (arrays) of data, always under

the guise of 4~byte IBM floating point numbers.

Sequential Access

A record is kept of the access position of each logical unit. 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.
1f not properly positioned, repositioning is done to a higher record num-
ber or a rewind is done and repositioning done from the start. (The back~
space capability is not used; trouble with this technique has simply
caused us an inordinate amount of trouble locally and on conversion to dis-
tant facilities, and has been a costly penalty in analysis effort om
projects.) Thus for transfers which are made sequeuntially, the tasks are

performed directly.

Lt 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 din
one routine and then continue reading in another routine, because it re-
strains sequencing routes. The access position data 1s carvied in an array
in a labeled common block in the service routines and not accessed in the

coding or tinkered with.

REWIND capability is provided. Also there is protection against read-
ing data which has not been written, especially useful for the debugging
phase of program development. An END OF FILE may be placed on the unit
(after it has been written) with a special call, and then rewind done.

The position flags for the units accessed sequentially are initially set to
zero; an attempt to get data before it has been written will cause an error

message edit.
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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
disk units is to carry a record 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) pro-
viding flags. We reject (1) as inhibiting interchange, and (2) as an

undesirable and not a sufficientix ¢ :oval ccucme. The scheme selected

allows use of a local adaptation of the IBM system routines to be used.
For efficient execution, parameters such as record length must be

made problem dependent. This is done with routines adapted locally which

must be accessed prior to use of the auxiliary wunit to open it.

Core—to-Core

An implementation was adopted which allows data files to be stored
in memory (extended core) 1if space allows. In this mode, the data is

simply moved from one location to another directly.

Asynchronous Operations

The routines provide for asynchronous operations to allow overlap
of dinput/output operations with calculation. Special routines are re-

quired on a computer to provide this capability locally.

Multi-level I/0 Hierarchy

Capability in the routiones provides for storage of data in an

extended (slow) core and input/output with both disc and wemory. This
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capability admits simulation and testing of the mode on a machine lacking
extended core by use of memory. It also provides a useful mode of operation
for a large memory machine, since the core~to—extended-core transfers are

simply movement of data between memory locations.

The Input/Output Routines

We expect compromises to be made in the cooperative interinstallation
effort on the scheme used to admit a variety of input/output techniques to
be used in a code. The code uses a preliminary implementation of the input/
cutput service routines which are listed along with their functions in
section 201, A listing of documenting comments for these managing routines
is presented in Figure 203-1; the concerned programmer shculd refer to the

Fortran listing of the routines actually distributed.
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FIGURE 203-1. DATA INPUT/OUTPUT SERVICE ROUTINES

(THESE CCHNMENT CARDS ARE PRIMARY DOCUMENTATION AT TIME OF PUBLICATION,
SEE THE FORTRAN LISTING OF THE PROGTIA#M TRANSHITTED FOR DETAILS)

CDOPC ROUTIRE FOR JPENING AND CLOSING AUDXILIARY FILES

C MCDIFIED 3-1-75 OBNL VERSION DoOPC
C DOPC

SUBBOUTINE OPC{IVYASK LU,NB,LR,ITLR,IPSOK) popC
C DOPC

COHMCN/HGMTIO/HONOR (100) , NVERS (100) , NEDIN(100) , INODD(100) , NDF, DOBC

# NIO.INPT,JOUT,JOUT,IAV(11) ,IEHA DoPC
C SEE ROUTINE SEERK FOR CONTENTIS OF COMNCN/NMGHNTIO/ norC
C popC

DIMENSION KK({1), IPSOK(1) DOPC
C LopC

REAL*B DD,HONQR DOPC
C DopC
C THE FCLLOWING ABE REQUIREL FOR A MODULE IN THE LOCAL SYSTEH DOPC
C 1- IRITIALIZE EITH A CALL TO DOPC DOPC
C 2= ALLOCATE STORAGE DOPC
C 3- CCHHUNICATE STORAGE LOCATIONS WITH CALLS TO RCXX AND ROXY DopC
C 4~ OFEN NECESSARY FILES (NOT REQUIREDR FCOR SEQUENTIAL FORTRAW) DOPC
C WITH CALLS TO DOPC DOPC
C 5~ CLOSE FILILES AS DESIRED WITH CALLS TGO DOPC noPC
C 6~ DETERKINE INTERFACE FILE UNITS ®ITH CALLS TO SEEK DOPC
C 7~ WRAP UP ®¥ITH A ZLOSE CALL TO DOPC DOPC
C (STAND ALONE OPERATION MAY USE SEEK, REED, AND RITE WITH DOPC
C SECUENTIAL OPERAVYIOE % ITHOUT THESE OTHER REQUIRENENTS) DoPC
C popc
C DOPC DOES NOGT ALTER THE ARGUMENTS COMMUNICATED, SO SUBSEQUENT USE pPOPC
C IS5 POSSIBLE WITH ONLY THE DESIRED CHANGES DOPC
C NOTE THAT ARRAY KK I5 RESERVED TO STORE CONTROL INFORMATIION, SO DOPC
C IT MUST BE PROPERLY COMMUNICATED AND WOT TAMPEREL ¥ITH DOPC
C popPC
C ARG UMENT USE DoPC
c messceos .o DoPC
C ROLE OF ARGUMENIS DOPC
c T e e DOPC
C ITASK OPFION ON JQB IO BE DOHNE popcC
C 0 -INITIALIZATICN, USUALLY REQUIRED, STORAGE ARRAYSDOPC
C BOT YET AVAILABLE DopC
C RETURNS IPSOK{i) = I¥PT INPUT UNIT porcC
C IBS0OK (2) = IOUT OUTPUT UNIT DOPC
C IPSOK{3) = JOUT CONDENSED OUTPUT UNIT DOPC
C CIHER YALUES OF IPSCK NOT USED OR SET popC
C 1~ OPEN SCRATCH DATA FIiLE DOBC
C 2 -CLOSE SCRATCH DATA FILE DORC
C {CLOSING FILES SYORED IN EXTENDED COBRE MAY BEST DOPC
C BE DORE INX EEVEBRSE ORDED FROM OPENIKG) DOPC
C 3 -#RAP UP, CLOSE ALL FILES BEFORE LEAVING A MODULEDOPC
C Lu LOGICAL UNIT NUKBER DOPRC
C KR NUMBER OF LCGICAL BECORDS IN THE FILE POPC
C LR LOGICAL RECORD LENGTH {(REQUIRED FOR FIXED LENGTH DGPC

{CONT)

4790
480
490
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RECORDS, COTHEBWISE MAXIMUX REQUIRED), RORDS poec

ILR LENGTH OF THE DATA FILE, WORDS DoOPC
IPSCK{( D ¥ODE OF DATA ACCESS DOPC

U~ SEQUENTIAL DOPC

1~ SEQUENTIAL, BECORD LERGTHS STOREL popcC

2~ BANDOM ACCESS BY RECORD, FIXED LENGTH RECORDS porpC

3— RANDOM ACCESS EY RECORD, FIXED LERGTH RECORDS DOPC

BRAMDON WRBITE BEQUIRBED WHICH MAY REQUIRE PREWRITEDOPC

IPSCK{Z) BREFERENCE TECHYNIQUE OF DATA TRANSFER pOPC

0~ MANUFACTUBERS FORTRAN DOPC

IPSOK{1) OPTION 1 = DOPFION O, 3 = 2 ({iI8N) DoPC

1~ LOCAL ADAPTATION OF THE SYSTEM RCUTINES DoPC

2= DEFAULT THE FILE T0 EXTENDED CORE nopc

IPS0K(3) DEBUGC MESSAGE EDIT LEVEL, EDITS DONE IF .6T7. O DorcC
IPSOE{W RETUKN EBBOR FLAG, TASK COMPLETED ONLY IF O DOPC
IPSCK{S) RELATIVE POSITION I¥ EXTENDED CORE DATA CONTAINER poPC
ARRAY X WHERF THE FILE STABTS (IPSOK{2) = 2 OKLY) DOPC

IPSCK{6) RESERVED FOR SPECIAL OPTIONS IN LOCAL TRANSFER SCHEMELOPC
«LT.0 IS5 USED FOR TRACK OVERFLOW ON THE DISC DopPC

IPSCK{IN KAXINUM BLOCK SIZE OF LOCAL TRAKSFER SCHERME DOPC
IPSOK (B~ 10) RESERVED popc
PRIMARY INPUT/0UTPUT CCHNTRCL PARAMETERS DOPC
s e v o 2 —— DoPC

(NAMES USED HERE FOR DESCRIPTICON ONLY, NQOT PROGRAM VARIABLES) DopC
L I5 THE LOGICAL UNIT NUMBER poPC

N IS THE LOCATION OF THE CONTRCL DATA IN THE KK ARRAY {IF¥ NEEDED)DOPC

J IS THE FILE LOCAYION WITHIN THE EXTENDED CORE DATA ARRAY X popC

HP IS THE BUMBER OF PHYSICAL RECORDS PER LOGICAL RECORD popcC

MR IS THE NEXT POSITION IN THE FILE BY RECORD COUNT poOPC

NW IS THE NEXT POSITION IN THE FILE BY WORD COUNT popC

H IS THE MAXINOX RECOBRD CTOURT WBITTEN POPC

IP IS A FLAG INDICATING POSITION FOR MULTIPLE PHYSICAL RBECORDS poPC

IL IS THE LENGTH OF THE FBEVIOUS BECORD WRITTEN DOPC

RL IS5 1820 WITHOUT TRACK OVERFIOW, BI88 WITH IT (2314 DISC) pOPC
popC

IPSCK DOPC
{1} {2) IMODD{L) NEDUM{L) KK({(N) KK{N+1) KK(N¢2) KK{(¥N+3J) KK(N+4) NORE DOPC
e e A Gh et S e e i e - et = ~w== DOPC
6,1 0 0 HR HCNE popC
2,3 0 1 NP NONE DOPC
1 N AR 2 Ir .| NR IPSOK{1) YES DOPC

g 2 ¥ Ny 5 BR J 4B IL POPC
1 2 N N¥ 4 NR J MR IL YES DOPC
2,3 2 N L3 3 HR J Bg - popPC
STORAGE EEQUIREMENTS pOPC

KK CONTROL ARRAY X DATA CONTAINER DOPC

e - - DOPC

0 - - DOPC
0,2,3 1 50 + 5% ({LB-1) /NL) - DOPC
1 1 50 + S5*%{{LR-1) /NL) + NB - DOPC
0,2,3 2 5 ILR DOPC
1 2 5 + ¥R ILR DOPC
poepc

(CONT)

500
510
5240
530
540
550
560
570
580
590
595
600
610
620
630

650
660
665
670
€80
630
700
710
720
730
740
750
760
770
780
798¢
800
805
810
820
830
840
850
860
870
880
8390
300

920
9130
9440
950
960
970
380
990
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C SERVICE ROUTIWNES USEL AND ENTRY POINTS DOPC10O0G0
Cc S e e e deevee s dsme amemnan e s DOPCi005
c poPC HANDLE FILE OPEEING, ETC DoPC1010
C ROXY DOPCi020
C RITE DATA TRANSFER DOPCi030
C BEED BQXX DOPC1040
C CRIT CORE, EXTENDED CORE DATA TRANSFER DOPC1050
C CRED DOPCiO60
C SEEK YANAGE INTERFACE LDATA FILES DOPC1070
C FBSAHR LOCAL DATA TRANSFEB SCHEME UGSING SYSTEM ROUTINES DOPCI080
C FREW FDISP FREAD FWRITE FPNTSP FORSPC PBKSPC FPNTR FCHECK pOPCi090
C (PLANS ARE TO SPLIT UP THIS LARGE ROUTINE) DOPC109E
C DEFILE IBK FORTRAN DIRECT ACCESS FILE OPENING DOPC1100
C CLOSTA CLOSE FORTRAN DIRECT ACCESS FILES DOPC1110
C DoPC1120

CRITE DATA TRANSFER EBROUTINE, ORNL VERSIORN

C MODIFIED 34~1-75 RITE 20
SUBRCUTINE BITE{LUN,IREC,ARRAY ,NHDS,HMODE)} RITE 30

C RITE 40
COMMOH /M GYTLI /HONOR(100) ,NVERS {100) ,NEDUM(100) ,TNGDD(100), NDF, RITE 50

* NIQ,INPT,IOUT,JOUT,TAV{11),TEKA RITE 690

C RITE 70
DIMENSION ABRAY(N#®D3), X{1), KK({1) RITE 890

C RITE 90
REAL¥S HONOR RITE 100

C RITE 110
C THIS RCUTINE PACKAGES THE PROCEDURES FOR TRANSFER CF DATA BETWEEN RITE 120
C MEMCRY AND DISK AND MEHOFY - MENMORY (PSEUDO EXTENDED CORE} RITE 130
C RITE 140
C OB SOME COMPUTIERS IT WILL BE NECESSARY TO COMMUNICATE THE RITE 150
C STARTIKG ADDRESSES OF ABBAYS KK aND X IN SOHE OTHER HANNER RITE 1640
C RITE 170
C LUN LOGICAL UNLT NUMBER OF THE FILR RITE 180
C IREC RECORD NUMBER TC EE ADDRESSED RITE 190
C ARRAY REFERENCE ARRAY IN CORE TO PROVIDE LOCATICN FOR TRANSFER RITE 200
C N¥ DS LENGTH OF THE ARRAY THE BE TRANSFERRED RITE 210
C IF U, REQIND CNLY RITE 22C
Cc IF +iLT- O, END FILE AND REQIND ONLY RITE 230
C MODE USED FOR ASYNCHRCNQOUS OPERATIONS RITE 240
C U~ NO RITE 250
C 1- TRANSFER OPERATICN RITE 260
C 2= CHECK PREVIOUS TRANSFER COHPLETION, FEQUIRED AS A RITE 270
C SPECIAL OR EXTRA CALL PRIOR TO USE OF THE DATaA, RITE 2890
C EXCEPT WHEN PROTECTION IS PHEOVIDED BY A SUBSEQUENT RITE 290
C CALL FOR ADDITIONAL DATA TRANSFER PRICE TO OSE RITE 300
I0 =20 RITE 310

GO TI0 101 RITE 320

C RITE 330
C VARIABLE LENGTH DATA BLOCKS COMMUNICATED HERE (ON SOMNE OF THE RITE 340
C SYSTFMS, THIS WON'T WORK ~ A FIXED COMMON BLOCK CAN BE USED} RITE 350
ENTRY BOXX ( ¥ , & , ¥ , L , KK RITE 35690

{CCHTY



M
£
L
KK
KK{1
KK {2}
KK{})
KK {#)
KK {5}
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LENGTH OF¥ THE EXTERDED CORE DATA CONTAIHEE ARRAY X
EXTENDED CORE DATA CONTAINER ARRAY
LENGTH OF THE KK CCNTRBROL ABRAY ‘
CONTROL ARERAY
LENGTH OF THE CONTROL ARRAY
SIZE OF THE EXTENDED CORE DATA CONTAINEE ARRAY
USE OF THE SPACE FOR CONTROL DATA
AMOUKRT OF THE EXTENDED CORE DATA ABRAY USED
LARGEST USE OF THE EXTENDED CORE DATA ARRAY

CSEEK UTILITY ROUTINE FOR MANAGING INTERFACE DATA FILES

C MODIFIED 3-1-75 ORNL VESSION

c SUBROUTINE SEEK{HNAME,IVERS,NREF,NOP}

¢ COMMON/MGMTIO /HONOR{100) ,NYERS (100) , NEDUN{ 100} ,INODD(100) , NDF,
* NIO,INPT,IOUT,JOUT,IAV{11) TENA

c DIMENSION FNAMNE(15)

c REAL*¥8 HNAME, HONOR,BLANK,CHANGE, PURGE,CONTRL,FNAME

c

DATA FNAME/6HCONTRL,6HGRUPXS,6HGEODST, 6HNDXSRF,6HZ NATDN, HHSEARCH,
* GHHRSTRTR,6HRTFLUX,6HATFLUX,6HRZFLUX, 6HPWDINT,6HCXSPRR,H6HISOTXS,
* 6GHISOTXS,6HFIYSRCY

DATA CHARGE/6HCHANGE/

DATA BLANK/OH /¢ PURGE/HBHPURGE /,CONTRL/6HCONTRL/

C

C

C

C

C BNANE

C IVEES

c NREF

C

C NOP

C HONOR{I)
C FNAME

C NYEES{I}
C NEDUN{I)
C IMOEDIT)
C IAY

C NDF

C NIO

C INPT

C 00T

C JOUT

C IENMA

C

C

C

C HEAME =

FILE MANAGENENT SUSROUTIRE FOR STANUARD INTERFACE FILES
ALLOWING ONLY ONE FILE TO A LOGICAL UNIT

FILE NAME {EXCEPTICHS NOTED BELCOW)

FILE VERSION NUMBER ({EXCEPTIONS NOTED BELOW)
LOGICAL UNIT NUMBER OR ERBOR RETURN CO¥DITION
(EXCEPTIONS NOTED BELON)

OPTION NUMBER J{EXCEPTIOHNS NOTED BELOW)

FILE NAME IN CATALOG, I IS5 LOGICAL UNIT HUMBER
CATALOG FILE NAMES FOR IWITIALIZATION

FILE VERSTION IN CATALOG

DATA FOR I/0 TASK (RECORD POSITION FOR SEQUENTIAL)Y
TECHNIQUE OF DATA TRANSFER INDICATCR ({SEQUENTIAL, O)
STOKAGE ALLOWED FOR DIRECT ACCESS PARAMETERS
NUMBERB OF FILES IN CATALOG

LAST LOGICAL UNIT NUMBER ASSIGNED

USER DaTA INPUT LOGICAL UNIT

USEK OUTPUT LCATA LOGICAL UWIT

USER CONDENSED {TERMIWNAL) OUTPUT LOGICAL UNIT
ODSED FOR ENTRY PRCTECTION IN DOPRC

PHIMARY CONTRCL GPTIONS

tCHANGE? INTERCHANGE FILE NAMES AND VERSION NUMBERS

{CONT)

BITE
RITE
RITE
BITE
RITE
RITE
RITE
RITE
RITE

SEEK
SEEK
SEEK
SEBK
SEEK
SERK
SEEK
SEEK
SERK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEX
SEEK
SEEK
SEER
SEEK
SEEK
SEEK
SEEK
SEEK
SEEX
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
S5BEK
SEEK
SEEK

380
390
400
410
420
430
444
4590
460
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NOP

HOP

NOP

NOP

NOP
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INPUT - HMNAME,IVEES,NREF,NOP

IF¥ IVERS EQ O, THE NAMES AND VERSION NUMBERS ASSOCIATED
WITH CATALOG POSITIONS NREF AHND MNOP WILL BE
INTERCHANGELD

IF IVEBS GT 0, THE NAMES AND VERSION NUNBERS ASSOCIATED
LOGICAL UNIT NUMBERS HNREF AND NOP WILL BE
INTERCHANGED

NREF #ILL BE RETURNED ZERO FOR ERROR CONDITION

0.1 LOCATE FILE PRIOCR TO READING, WRITIHNG

INPUT ~ HMAME,IVERS,NCP

IF IVERS EQ 0, RETURNS VERSION NUHBER AND LOGICAL
UNIT NUNMBER OF THE LATEST VERSION

IP IVERS EQO ¥, RETURNS LOGICAL UNIT NUMBEE FOR

VERSION N
NREF WILL BE BETURNED ZERO FOR ERROR CONDITION
2 CREATE A NEW FILE VEHRSION PHIOR TO WRITING

WILL INITIALIZE CCHTRL IF NOT IN TABLE POSITION 1
INPUT - HNAME,NOF
RETUBNS HEW VERSICN NUMBER AND LOGTCAL UNIT NUMBER
AND ADDS NEW CATA TO CATALOG
NREF ¥ILL BE RETURNED ZERO FOR ERROR CONDITION
3 CATALOG INITIALIZATION, PUTS DATA ON UNIT ICAT
IF NREF .G67.0, IT IS THE NUKBER OF FILES FROH THE LIST
4 PURGI NG OPTICH
INPUT ~ HEAME,IVERS,NCP
IF HEAME EQ 'PURGE ', ALL FILE REFERENCES HILL BE
DELET&L EXCEET FOR COWTRL
IP HNAME NE 'PURGE ' AND IVERS EQ O, ALL YERSIOXNS
OF THE FILE WILL BE DELETED
IF UXAME NE *PURGE ' AND IVEBS EQ ¥, ONLY VERSIOK X
OF THE FILE WILL BE DELETED
£ EXTRACT CONTENTS OF CATALOG
INPUT ~ IVERS,NREF,HOP
IF IVERS EQ O, NREF ¥ILL BE TREATED AS THE POSITION
IN THE CATALOG AND THE ASSOCIATED FILE HAKE,
VEBSION NUMBEE, AND LOGICAL UNIT NUABER
WILL BE RETURNED
IF IVERS GT 0, NREF WILL BE TREATED AS THE LOGICAL
UNIT MUMBER AND THE ASSOCIATED FILE NAHE,
VERSION NUXNBER, AND CATALOG POSITION
¥ILl BE RETURHNED
NREF ¥WILL BE RETURNED ZERO FOR ERROR COQ¥DITION

SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK

SEEK

SEEK
SEEK
SEEK
SEFK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEEK
SEER
SEEK
SEEK

SEEK

¥OP = 6,7 HOT USED
KOP = 8 READ CONTENYS OQF CATALOG (SAVED IN LAST MODULE
EXECUTED)
¥op = 9 KRITE CONTENTS OF CATALOG (FPOR USE BY NEXT AODULE
TO BE EXECUTED)
BOP = 10 EDIT COXRTEHNTS OF CATALOG
IF NREF.GT.0, WRITES JOUT INSTEAD OF IODT
rOoP 1 RETUBN UTILITY UNIT NUMBERS
Aok g ok R ok REQUEST % % ok ok ek o ok LEE L2 2L T ] RESPONSE R RkREXRXEXSEEK
HEARE IVERS NREF ROP HNAME IVERS BREF §OP
CHANGE O im ITe CHANGE O IT1 IT2

{COXT)

SEEK
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CHANGE O 0=E
CHANGE ¥ Lo Lo2 CHANGE H Lu1
CHANGE M =F
H 0 - G H NL LU
B 0 O=E
H ] - Y H N LU
H N =F
H 0 - 1 B BL LU
i 0 0=F
H N - ) g N Lu
H N 0=E
B - - 2 H NN Lo
i - O=E
- - ~ 3 - - INIT
PUBRGE - -~ 4 PURGE - -
H G - 4. H 0 -
H N - 4 H N -
- 0 iT 5 B N ig
- 0 =R
- B Ly 5 B N IT
- o} =8
H N Lu 6 H ¥ Lu
- - - 7 - - -
- - - 8 - - -
- - - g - - -
- - - 10 - - -
- - - 11 INPT 1o0T
1 FILE MAME
¥ VERSION NUMBER
L LAST VERSION NUNBER
NN NEW¥ VERSION MNUMBER

Ld,L01,182 LOGICAL UNIT NUMBER

IT,ITY,I7T2 TABLE POSITICHN

N GREAT ER THAN ZERO

0=E ERROR

- NOT USED (BUY HNANME MUST NOT BE *CHANGE')

IT2

\COQ'QG‘U\U\U‘U\&‘#CWNM—&.&..—;OOOQE?‘
o~}
[RS8

b
=]

JOUT

SEEK 970
SEEK 9890
SEEK 990
SEEK1000
SEEK1010
S5EEK1020
SEEK1030
SEEK1040
SEEK1050
SEEK1060
S5EEK1070
SEEK1080
SEEK1090
SEEK1100
SEEK1110
SEEK 1120
SEEK1130
SEEK1140
SEEK 1150
SERK1160
SEERK1170
SEERK 1180
SEEK119¢0
SEEK1200
SEEK1210
SEERK1220
SEEK1230
SEEK1240
SEEK1250
SEEK1260
SEEK1270
SEEK1280
SEER129C
SEEK 1300
SEEK1310
SEER1320
SEFK1330

AEERRK KRR R ERERE KRB SRR AR bRk R Rk Rk SRR Rk Kk kk K ok ko kR kR Rk kRRESERKIIYQ

{CCNT)
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BASIC ROUTINE FOR MEMORY, BAITENDED CORE DATR TRANSFERS

A KHOCH PASTER ASSEHBLER LANGUAGE VERSION OF THIS IS IN USE

SUBROUTIFE CRIT(X.Yf,%,J)
DIARHSION X{1), ¥Y(N

USE OF ARGUHEHTS

e n o s i v et e

HIXED

X DATA ARRAY IM¥ MEHORY

I DAT4 ABRAY I¥ FEXTENDED ({SLOW OR PARTITIONED) CORE

N LENGTH OF DATA STRING TO BE HOVED, SHCRT WORDS.
ALLOKED

J SYSTEM FLAG ON SONE SYSTEHS, HCT USED LOCALLY

ENTRY FOR EXTENDED CORE TQ MEBORY TRANSFER
ENTEY CRED (Y.X,N,d)

DO 101 I=1,¥
Y{IVy=X{I)
COGNTINDE
RETURN

E¥D

END OF SECTION 203

TYPE
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Section 204: 1Input/Output File Requirements

In this discussion, the data files which must be resident on auxiliary
storage devices are identified as Standard Interface filesa or scratch
files. It is 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 is used to contain a collection of the results for export (BCD,

tape). Assignments may be simply changed at the front end of the code.

Standard 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)

ATFLUX — Total adjoint neutron flux (if supplied)

Standard 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

NDXSRF — Nuclide to cross section referencing data upon dimension search
ZNATDN — Zone nuclide atomic densities upon concentration search

FIXSRC — Special fixed source result

Scratch Data Files by Unit Number

21 Macroscopic scattering cross sections
22 4 Principal macroscopic cross sections

23 (Direct access)t) Equation coupling constants in space

24 (Direct access) Total neutron flux

27 (Direct access) Flux Copy

28 (Direct access) Flux copy

a
Version TII Specifications, LASL report, LA-5486-MS revised.

bUnless noted otherwise, files are accessed sequentially; by direct access
is meant write and read of disc files at random by record.
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29 (Direct access) V+J times volume (current in the Pj sense)
40 (Direct access) Equation constants
41 Fixed source

42 Fission source

43 Total source

44 Neutron balance data
45 Miscellaneous

46 Miscellaneous

47 Search data, misc.
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,

Let J = points in a row
= number of rows in a plane
= number of planes
number of groups

= 1 for long~word machines, 2 for short word

2= IS S e
1

= 0 for one-dimensional, 2 for two-dimensional, 4 for

three—dimensional cases

jmnd
It

1 for hexagonal, O otherwise

M = number of zones (m refers to zone)

A record on units 23 and 40 contain the following 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 geowetry
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.

aBy 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.



Units

Record Length (Words)

Number
of Records

Notes

23

24,27,28,29
40
40
40

41
42
43
44

45
46
47
48
49
50-53

a

3 + W(+2H)J(J+1) + RJ

WJT

{(R+W)IJT + (24H)JI + (I+H) (J+L) + H
(3HW+H)JIL + (I (1)L + JT + HL
{[3 + W(l+2H)]1(J+1) + RI} I

WJL
WJI
WIL
WMK

WJL
WIX
WMK
WME
WwJ

Variable but small

ILK

LK
LK

[T s o o

~ e

IL

Variable

Needed only for the "row-stored"
model (see Section 103), and/or
for perturbation caleculations.

For "plane-stored'" mode only.
For "mesh-stored" mode only.

For the "multilevel data transfer
mode only.

aFor the case when the initial fluxes are read from the standard interface RTFLUX, number of records is LK.

£-%702



Record Number
Unit Length of Records

204~4

Contents

21 M[N(k) ] K

22 MK

MK
MK
MK
MK
MK

T T = = = T T e

2K

M

[

K

—

MK 1

MK 1 to 4

2J+21 1
+21+43

7K 1

Inscattering =0(k' > k,m); for the P
calculation, the data for each k follows
the Zg data in a separate record, in-
creasing the nuwber of records to 2K,
D(k,mZ (k' > k,m)

Fission source distribution x(m,k)
Sink term Z,(m,k) + Dle(m,k)
Buckling loss Dle(m,k)

Production vEf(m,k)

Search production vEp(m,k)

Search absorption Eq(m,k)

Energy per unit flux W(m,k)
Reciprocal velocity Z{m,k)

Inscatter range, location of in-group
term N(k),NJ(k)

Black absorber zone list, if N > O
Zone volumes V{(m)

Number of inner iterations, if ©L > 1
Spectral radius, if 1 > 1
Overrelaxation factors, if I > 1

Removal cross sections (only with Py
treatment)

Diffusion coefficients by gzone, as well
as the coordinate-direction dependent
values when available from GRUPXS
except with P; treatment

Distances to flux points and fine mesh
interval interfaces.

External and internal boundary condition
constants.

Za(m;k) fissile

Le(m,k) fertile

It should be noted that microscopic cross sections are used in a

group—ordered form. A processor code block is required to recast the

data into this form from a reference broad-energy-group library in the

ituclide~ordered format defined by the specification for file ISOTXS.
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Code-Dependent Data Files

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

CONTRL is a file containing all the necessary control information
needed by VENTURE for a calculation (see Section 403).

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

RSTRTR is a restart file which is written by option and may be
supplied to the code to ceontinue a previous calculation.

FISSOR is a fission source interface file written on option.
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PIGURE 204~1. SPECIAL [CATA FILF SEECIFICATIONS

CtRERE e s bR A FhRa I Rke bk F s gh dhokok gk gtk Sh gkl b dok ko hk bk f & kR Rk Sk f ok ok kool F 3

c REVISED 11/26/74

c

CF CONTRL

CE CCDE-BIOCK-DEEENDENT DATA UNLER CONTROL OF THE DRIVER
c

CHERERRE G ERE R ERERIRE L AR R B RE L2 A F L 2R FF AR5 S e R IR T e Rk B R EFRL Ak bR Rk

C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
cs FIIE STRUCTURE

cs

cs RECCRD TYEE DRESENT TF¥

cs FILE IDENTIFICATICR ALWAYS FIRST

c

CN THE POILOWING AREF CONTRCL L[ATA RECORDS, ONE FOR EACH CODE

cH ELCCK, AND EACH CONTAINING 2C1 WCRDS ]101%HULT+100)

c

cs PROINS RECORD ALWAYS

cs DVRINS RECORD ALWAYS

cs XCPINS RECGED AS NEEDED

cs DT¥ INS RECORL AS NEEDED

cs RTINS RECCED AS NEEDED

cs BLANK RECQBD ALWAYS LAST

cs

CN FECORDS FOR OTHER CODE~BLOCKS MAY ALSO BE ERFSENT

CN AND ORLER CF RECCRDS NOT SEECIFIED

cs

C .......................................................................
C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
CR \ FIIE [LENTIFICATION

C

CL HNAME, {HUSE{I),I=1,2),IVERS

C

CH I*EOLT + 1

C

o) HNANE HCLLEKITH PILEF NAMF - CCKTRL - (AS)

ct HUSE HOLLERITH USER IDENTIFICATION [A6)

cD IVERS FILF VERSION NUABER

oh)] MULT DGUBLE EFECTSYON PARAHETER

cc 1 - A6 WORD IS SINGIE WORD

CD 2 - A6 WCRD IS DCUBLE PRECISION WORD

C

C ...........................................................................

(CORT)
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CR CYERALL PROBLEN INFORNBTIIGN AND IWSTRUCTICNS
C

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

E

o] 10 1#MU LY + 100

¢

n PROINS OVERALYT PROBLEM DA&TH IDENTIVIER (GHPROINS)

<n £X {1~24) PROBIEH R CASE TITLF {4

cr X {25% USER LAEFL FOR EERRRERST DATA FILES [A6)

Cn X {26) USER LABEL FCR TENFOBARY DATA FILES {&5)

co L% {27 106) RESEFVED

cD I¥ {1-160) RESERVED

[

c mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
c ............. e KUD AR Y A VS AT WAD Ay s T AR LA A NAT AR AR? AR A AA A Une L LAY SAY LS DR DT T AAY VAR WAL A AT RS AR LMD ARl LA L AR T YT AR AR AP TAS A RS A
CR LEIVER TNSYRUCTICNS

C

CL DYEIES, (AX{D),T=%,100}, {I%8{I),I=1,1C0

C

9 10 1#8ULT + 140

C

co CY RTINS DRIVER DATA IDESTIFIER (FHDYETES)

cD IX {1-1C0) RESEFYED

<o 1 (N PRIMBEY MEMORY ALLCCRTICN, ¥ORDS

cD I% {2} RESERVED ¥OR SECONDABY BEMORY ALICCATION, ¥OBDS

o 1€ {3 RESERVED POR TERTTIARY MENORY ALLOCATION, ¥ORDS

cn TY {4) MAZIMUN BLOCK SIZE ¥CR UIRBCT ACCESS DATE FILES,

cn ¥OEDS

) 1% {5) TOTAL PROCESSOR TIRE ALLCKED POR IHE RUW, STHUTES
oD 1% {6) RESFEVED

o I¥ {7} RESERVED

oo 1% 18) RESERVED

) 1% {93 RESERVED

oD 1% 310} RESERYED

<D XD STAND-ALCNE FLAG -

) ¢ - BODUIES ARE RCCESSED I A4 TRUE HAODULAR STESE
3 1 ~ MODULES BRE ACCESSED A3 IF RACH I5 4

oD STAME-ALONE CODE

Ch 1D RESERYED

o) IX {13 TF.GT.0 THE SEES TABLES ARE INITILIZED PRIOR TO ANY
co SCCESS OF THE STANDARD IHDUT BODULY

) TX [18) RESEEVED

Cp T {15} RERERVED

D I 116-100) RESERYER

<

e e e o v i e e i
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CECSS SECTICN EFCCESSCR INSTHUCTIONS
THIS DA1A RZCUIRED EY THE CROSS SECTICN PROCESSOR
XCEINS, [XX{I),I=1,100), (IXII),I=1,100)

10130117 + 1C0

¥CEBINS CRCSS SECTICN PFOCESSOR LATA IDENTIFIER (6HXCPINS)
XX (1-1C0) RESERVED

IX (1-2) RESEHVED

1% (3) OPTICN CK INEUT CRCSS SECTION FILE PROCESSING

0 - NO FEOCESSING REQCUIRED

1 - GENERATF¥ NEW BUCLIDE-ORDERED FILE FRON
THE FILE OF FIIES HAVIKG FCRBMAT IX({5)
(EECUIRES INTERFACE FILE CXSPRE FOR
ADDITIONAL INFCRMATION)

IX (4) OPTION TG GENERATE A GRCUP-ORDERED FILE FROA
A BUCLIDE-OFLEFREI FI1IE
¢ - X0
1 - YES

X {5) FORMAT OF INPUT CROSS SECTIOKNS FCE IX{3) EQ 1

0 - NUCLICE-ORIESEL FILE
1 - CITATION CRCSS SECTION SETS
2 - MERGE T&0 NUCLITE-CRDERED FILES
1% (6) OPTION CN PRINCIPAL CRCSS SECTION DATA
FOR IX{4) EC 1
0 - RETAIN ALL CATA
1 - REDEFINE (N,GAM¥A) CROSS SECTICN TO BE
THE CAPTUREF CECSS SECTION = (N,GAHMA} ¢
(N,ALEHA} ¢ {N,P) + IN,C) + {N,T) - [§,2N)
1X (7) OPTION ON SCATTERING DATA FOR IX(4) EQ 1
0 - FETAIN LI LATA
1 - RETAIN THE TCTAL SCATTERING ONILY
1xX(8) OPTICN ON SCATTFRING GELER FOR IX(4) EQ 1
0 -~ RETAIN ALL DATA
N -~ FETAIN CRCERS UE TO {¥-1) ONLY
1% {9) OPTION ON SCATTERING RECGRD BLOCKING FACIOR
FOR IX(8) EC 1
0 - ESBLCK = 1
N - NSBLOER = N, IF (NISO/N)*W EQ WISC,
CTHERWISE FSELCK = HISQ
WHERE NISO IS THE NUMBER OF NOCLIDES
IX {10) OETICN TC COMEDTE THF TCTAL SCATTERING MATRIX
FROM THE COMPONENIS FOR IX[4) EQ 1
TQTAL = ELASTIC + INELASTIC ¢ ¥2%
{THIS MUST BE DOKE IF THE GRUPXS FILE IS T0 BE
USEC BY VENTURE ANL THERE IS NO TOTAL
SCATTERIKG DATA PEESENT)

g - HO
1 - ¥ES
IX (11) OPTION TOC CREATE ISOTOFE MIXTURES AFTER ERCCESSING

SPECIFIED BY IX(3) AND IX(5), IF AWNY

(CORT)



204-~-9

co 0 - KO
cp 1 - YES (REQUIRES INTERFACE FILE CXSERR POB
cD ADCITICNAL INFCRMATION)
Ct IX [12-22) RESERVED
cD 1X{23) OFTICN TC EDIT LATEST NUCLIDE~CRDERED FIIE
cp 0 - NO
cr 1 - YES
cD 1X {24) OPTICN TC ECIT GROUE~CBLERED FILE
cr ¢ - ¥O
cp 1 - YES
cB IX {25~100) RESERVED
c
C--—_- s o A - o e e M PO A P A e S Ak Al D o 2 - - A - I - - o - -
C...... e - - AN o D . A A o T -~ . . A A V- - - - - -
CR NEUTEOKICS INSTRUCTICAS
C
CN THIS DATA RECUIRED EY THE VENTURE COLE BLOCK
C
CL DTHINS, (XX{I),I=1,100), (IX(I},I=1,1C0)
c
ch DTNINS NEOTEONICS CONTRCL ITENTIFIER, A (6)
co £X {1 BEFERENCE REAL TIME, DAYS
o) XX (2) MACHINE TIME ALLCWETL FOR SOLUTICN, MIN
cop {ITERATION TE¥RMINATED IF TIME EXCEEDED)
co XX {3) CYCLF TIME IN MINUTES TO WRITE RESTART DATA
o ch NOT DCNE IF O, BIWAYS DONE AT END IF NON-ZERO
C
cN NOTE THAT VARIABIES NOT DEFINEL ARE RESERVED FOR LATER USE
c
cD XX (4) POWEF LEVEL OF REACICR, WATTS THERMAL
co XX (5) ENERGY CONVERSICK FACTOR, FISSION TO THERMAL
cp 1X {6) FEACTION OF REACTCE TREATED
co XX AT) SPECIFIED MOLTIPIICATION FACTCR FOR SEARCH IF
cD NCK-ZERC
cp XX {8) SPECIFIED OVERREIAXATION CCEFFICIENT IF¥ NON-ZERO
cD XX {9) ESTIMATE OF THE EICENVALUE FOR CHEBYCHEV
cr ACCELERATION ON CUTZR ITERATIONS
cD XX {10) ESTIMATE OF THF IOWER LIMIT OF THE SPECTRUM OF
cro EICENVALUES FOF CHEBYCHEV ACCELERATION
CD XX {11) CCXVERGENCE CRITEFRIA ON INTEGRAL QUANTITIES
co MAXIMUM BELATIVE CHANGE ON GUTER ITERATION
co XX {12) CONVERGENCE CRITERI2 ON LOCAL OR POINT VARIABLES
CD MAXIMUM RELATIVE FOINT FPLUX CHANGE ON CUTER
cD ITERATION ].00005)
co XX {13) CONSTANT BUCKLING VAIDE WHICH CVERBRILES THE DATA
¢ IN GECDST FILF¥ IF NON-ZERC
cp XX {14) - XX[100) EESESVED
c
cp IX (1) IRCICATCE THAT TEE CODE ELOCK HAS INPUT DATA

{CONT)
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Cn

Ch
CcD
Cb
Co
CD
(&)
o
€D
Ccb
(B
Ch
D
<D
ch
cD
Cp
cD
Cb
Cb
(Y}

I

X (3
THE%

IXi5)

Iii 7

1K (8)

IXi9)

IX(10)

IL{i1Y

LX{12)

Lxe1xn

TX {1
IX (15)
IX¢1F)
I1{18)

rid{19)

20u-10

T TEW STA¥DARD INTERFACE FILES
OTHER TEAR % BLOCE OF 2AT2 IF .G7.0

RESTART J?TAD*\ RESTART USRI ¥s DATA FROZ A
OLD CARSE IF .&Y¥. 0, REQUIRES STO IRL RESTART
DAT M FILE

RETERIALCE i OR PEOBLESES (CYCLE HBUHDER)

ON THEORY
A %

HE
PYROTIBAT IOW
] : CLTIPLICATIDY FACTOR

1— SEARCHE PEOBLEX LFI F OF SEARCHE 2ATA IS
REQUIRED . IY¢10))
2— FIXED SOURCE PROBLEE
3— ADCCIET PROBLEE OWLY
- HECKT.ING SEARCH
5~ PROHEZT HODE ALPHA CALCULATION, 1/¥ SEARCH
ADJOI®ET PRORLEM QPTIONS

0 ~ ¥G ALJIOL ¥ TG
1 - EIGENVALUE % PROBIF

{NORPATLLY FCLIOWIYG A& FURWARD PROBLEH;
2 -~ FIKED SOQUERULR B PROBLEX

OPTIGHS ON GANHA HEATI G

(BGT IAPLEMEET ¥
OPLIOR TO FGRCE DAY Hanil
O~ AUTOHATED TO HIEINIZ® 1
ﬂ

1~ BASE PROBLEM CORE CONTA
2~ SPACE PROBLER AT EACH E
3- QO¥E ROU CONTAINED I¥ CORE
4- ONE OR AQRE SPATE PLAXES CO¥ILALWNED IN CORE
5- HULTIPLE BO¥S 3TORED TOR TWG DIAEYSIONAL
H- HULTI~I.EVEL DATA TRANSFEXR
IPTIOYS ON TLUX INITIALLZATION
0 SET ALL FLUX VALUES EQUAL
1 USE AUTOXBATED PROCEDURE

2~ USE AVAILABLE SCALAR FLUX Fiig
IDERTIFIES SEARCH DATA I¥ SEARCH FILE, IXN(%)=1
IDEETIFIES SECO¥DARY SPARCH DATA IK SEARCH PILE
O BE USED IF CONSTRAIXTS FOR FIRST SET ARE
NOT SATISFIED, A¥D SKECOND SEARCH IS TO BE DONE
SPECIFIRS THAT A& 2-D PROBLEH IS TI0 BE SOLVED FOR
THIS PLANE OF A 3-D DESCRIPTICY T¥ NON-ZERG
OBDER IN THE CRGOSS SECTIOX FIir¥ OF THE DIRECTION
DEFEXDRINY TRANSPORP CROSS SECTION TGO RBE USED
POR THE FIRST CORRDINATE DIRECTIGN (USUALLY 0)

DIFTO, SECO¥D CODRDINATE DIRECT IO
DIFTG, FEIRD COORDINAYE DIRECTION
FIBRCE KEFF. CALC. BY SOURCE RATIC IF GY 0
PI3SIOF SOURCE DISTRIBUTION FUNCTTON OPTION
0~ SET VALUES TG GE GSED (SAEE TN EACH ZONE)
V- RFEGION CERPEYXDEMT VALUES 70 R2E USED
FISSION SOWRCE D LBUTSGH NORZALIZATION OPIXOH
0~ LEAVE GANMOEHALIZED
1~ NORHALTZE EACH SFEF TG SU¥ TC UNITY

{CONT)
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IX (20) CONSTRAINT ON OUTER ITERATIONS (MAX ALLOWED)
IX 21) INNER ITERATION OPTION
0~ USE AUTOMATED PROCEDURE (RECOMENDED)
N~ REFERENCE NUMBER OF INNERS = K
SET BY THE CODE IF NOT SPECIFIED
IX{22) NEGATIVE FLUX OPTIION (NORMALLY 0)
0~ NOT ALLOWED NOR ACCEPTABLE IN SOLUTION
1- ALLOWED AND ACCEPTABLE SOLUTION
1Y {23) OVERRELAXATION OPTIONS ION INNER ITERATIONS)
0~ USE AUTOMATED PROCEDURE
1- NO CHEBYSHEV ~ MAKE NUMBER OF INNERS 3
MULTIPLE OF THE NUMBER OF PLANE (OR ROWS)
STORED
FIX THE NUMBER OF INNER ITERATIONS
{SAME AT EACH GROUP)
3- FIX NUMBER OF INNERS, ¥O CHEBYSHEV
4- FIX NUMBER OF INNERS, USE ONE COEFFICIENT
5- FIX NUMBER OF INNERS, USE ONE COEFFICIENT,
NO CHEBYSHEV
IX 24) INNERITERATION SWEEP ORDER
0~ NORMAL
1- SIGMA=-1 JAVATLABLE IN CERTAIN DATA
HANDLING MODES ONLY)
IX (25) OUTER ITERATION CHEBYCHEV ACCELERATION OPTIONS
0- USE AUTOMATED PROCEDURE
1~ APPLY ONLY AFTER THE FIRST EXTRAPOLATION
2- APPLY CONTINUOOSLY FROM THE START
3- DONT APPLY THE PROCESS
IX {26) ASYMPTOTIC OUTERITERITION EXTRAPOLATION OPTIONS
-1 SINGLE ERROR MODE ONLY
0~ USE AUTOMATED PROCEDURE
1~ SINGLE ERROB MODE USING DATA POR ALTERNATE
ITERATIONS
2- NOT ALLOWED
3- WE ABRE TRYING TO PIGURE OUT WHAT THIS DOES
IX (27) FORCED DELAY IN ASYMPTOTIC EXTRAPOLATION
N~ NOT ALLOWED FOR THIS MANY OUTER ITERATIONS
(IF NEGATIVE, A FORCED PROCEDURE NAY BE
EXECUTED EARLIER)

2

EDITS GENERALLY ARE NOT DONE WHEN ¥FLAG IS ZERO

IX (28) OPTION POR CONDENSED EDIT (TERMINAL) IP .GT. 1
IX 129) OPTIONK TO EDIT THE PRINCIPAL MACROSCOPIC
CROSS SECTIONS BY ZONE
IX (30} OPTIOR TO EDIT THE MACROSCOPIC SCATTERING
CROS5S SECTIONS BY Z0NE
X3 OPTIONS ON ITERATION DATA EDITS

-1~ NO EDITS DURING ITERATIOWN

0, OR 1~ PRIMARY CUTER ITERATION DATA OHLY

2—- GETS DETAILS EDITED FOR TRESTING

3~ REQUESTS EXTENDED EDIT FOR DEBUGGING
IX {32) OPTION TO BEDIT OVERALL NEUTRON BALANCE BY GROUP
IXi{33 OPTYION TO EDIT NEUTRON BALANCE BY ZORKE

{CONT)



ct
CD
CC
(8)]
ct
CD
()
CD
cD

cp

IX (35)
IX {37}
IX (38)
TX {39)
IX (40)

IX {41)

IX {42)
IX {44u)

IX [45)

IX (46)
IK {47)

IX {51)

OPTICN TO ECLIT SCALAR NEUTRON FLUX BY POINT
CETICN TC ECIT ZCNEI-AVERAGE SCALAR FLUX
CPIICN TC EDIT FCWES DENSITY MAP BY INTERVAL
CETICN TC ETIT ECWEF DENSITY TRAVERSES THRU PEAK
OPTICN TO ECIT NEUTRCN DENSITY HAF 11/V FLUX
WEIGHTING)
CPTICN 10 ECIT NEUTRCN DENSTITY THRAVESSES
OPTICH TC ECTII SCAIAR ADJCINT FLUX
CETICN TC EIIT ATOFIC DENSITIES WHEN SEARCHING
0~ NC EDIT
1- MINIMUM EDIT AT ENL
2- MAXINUY EDIT TURING CALCUGLATICK
EEFTURBEATION OFTIONS — IF NEGATIVE, FILES RIFLUX
AND BRTFLOX ARE SUPPLIED AND NG NEUTRCNICS
CALCULATICN IS DCNE ~ OTHERWISE TEE REGULAR
AND/OR ADJOINT SCIUTICN IS CBTAINEL AS
SERCIFIEL AEOVE AND EITHER ¥FLUX FILE NOT
GENERAYED MTS1 BE SUPELIED
0- NO EERTUREATICK CALCULATION
1~ CALCGLATE AKD EBIT BASIC REGULAR%*ADJOINT
FLUX INTEGRALS FXCEET TRANSPORT
Z- ALSO CALCULATE AND EDIT TRANSPORT INTEGEALS
{RECUTRED F(R CCMPLETE PERTURBATION EFFECT)
3- ALSC EDIT M¥ACKCSCOPIC ABSCRETICK CROSS
SECTIOK SEACE ECINT INPORTANCE MAP
4~ ALSC EDIT MACRCSCOPIC PRCDUCTIOM CRCSS
SECTIOK SEACE ECINT IMPORTANCE HAP
PLUS ABS-ERCD FAP
5- ALSC ELIT 1,V SEACE POINT IMPORIANCE MAP
EDIT RESULTS PCR A 100 PERCENT CHANGE IN MACEHO
CBOSS SECTICHS, CELY IF IX{45).%E.Q
ALSO EDIT SENSITIVITY RESULTS FCHE THE CHANGE,
IX{(45) ANL IX(46) .NE.O
GETICY TC WBITE THE EOINT SCALAR FLOUX FILE
c- ¥uC
1- BEWRITE THE IATEST YERSION OF AN OLD FILE
(IF THERE IS NONE, WRITE A NEW ONE)
- WRITE NEW FPILE

OFTIONS ABOVE ARE TYPICAL FCE EACH FILE COVERED BELOW

1X(52)
I (53)
1X {54)
IX (55)
1X (58)

IX {59)

IX({60)

QOFTICN TC WRITE THY POINT FISSION SOURCE FILE

OPTICN TO WRITE ZONF-AVERAGE SCALAR FLOX FILE

CETIICN TC WERITEI FOWEIR DENSITY FILE

OPTION TO WRITE A N¥% FPIXED SQURCE FILE

CAICULATED FRCE CONVERSION RATIO DATB

OPIICN TC WRITE SCAIAR ADJCINT PLUX FILE
AFFLICRELF OKLY IF AN ADJOINT PROBLEM ®AS DONZ

CPTICN TO WRITE FERTORBATIOY INTEGRALS ON FILE
EEFTUB. IX{45) MUST BE NON-ZEROC. TRANSPORT
INIEGRALS ARF INCIUDED IF RABS{IX{45}) GT 2.

CETICN TC WEITE SPECTAL FORMATTED DATA FILE
{LCGICAL 4) AT THF END OF A CASE - SEE SECTION 204
OF THE VENTURE REECRT

(CONT)



cD IX(61)

cp 1% (62)
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A FLANE NUMERR AT WEICH ZONE AND GROUP BUCKLINGS
ARE TO BE CAICULATED
A SECOND PLANE NUMBER FOR THE BUCKLING CALCULATIOX

c ------------- T - - - - e e A A — -~ A A W AR T AR . TR e AR W - —
C ............................................................... - .
CR EEACTICN RATE MCLULE INSTEUCTICNS

c

cL RRIINS, {XX{I),I=1,100), {I%{I),I=1,100)

c

CW 101#M01T + 100

C

cp RRTINS REACTICN RATE MCDUIE DATA IDENTIFIER (6HRERTINS)

ct

ce NO1E~ CUNCEFIMED DATA ARE RESEEVEL FOF PUTURE USE.

cC HDTE~ TRF VALUE OF ZERQO IS A& DEPAULT EEANING THAT THE CPTICN TO
cc FEFPORE THE TASK IS NOT EXERCISEL. CONSIDERABLE DATA

cc EANDLING HMAY BF INVOLVED AND MUCH PAFER BRINTEL, SC CAGRE

cc SHCULD BE TAKEN TO CETAIN CNIY TROSE RESULTS NEELED.

cc NOTE~ CUITE GENERALLY THE FILES ~NLXSRF- AND -ZNATDN- ARE NEEDED
cc 3ANT USUALLY ~GEUEXS~

C

cp X (1) DESIRED FOWEF LEVEI IF NCN-ZERC ({(USUALLY NEW)

cc XX {3) WEIGHTING FACTOS DISCUSSED BELOW

o)) XX {4) WEIGHTING FACTOE DISCUSSED BELOW

C

co X (3) OPTION TC EDIT FROGRAMNER INFORMATICN FOF DEFUGGING
cD IX{6) OPTICN TC CCMBUTE 2NI ELIT REACTION ERATES,

co INVENTORIES, AND PCHER PRODUCTION

ce NOTR- INDEPZXNDENT OF THE CETICNS WHICE POLLOW, SUMMARY TABLES

cc 2EE ALWAYS ELITEL ON THIS CRTICK

cD 1X{9) OFTICN TC ERIT EY ZCNE AKD SUBZONE FOR EACH UNIQUE
ch NUCLIDE NAME

cD 1 - YES (WIIL PE DCNE ONLY IF THERE ARE

ce SUBZONES)

cc NOTE~ IN THLS EDIT, ZONE RESULTS EXCLULE SUBZONE CONTRIBUTICKS

cD IX{10) OFTICN TC EDIT EY 2CNE FOR EACH UNIQUE NUCLIDE NAME
o NOTE ~ ZONES WILI IKCLUDE SUBZCNE CONIRIEUTICNS
ch IX{11) OFETTICK TC EDIT EY ZONE CILASS FOR EACH UNIQUE

cto NUCLIDE NAME

cD X {12} OPTICN TC EDIT SUMEARY TABLES BY UNIQUE NUCLIDE NAME
cr IX (14) OPTION TC WEIGHT SUMEARY REACTION RATES BY NUCLICE
cD EFFEGY GENEFATICH

ce 1- FISSTON ENERGY CKIY

cp 2- FISSICN FLUS CAETURE ENERGY

cr IX (15) OPTYON FOR ALDITIONAL RESULTS WITH AILTERFATIVE

cp WEIGHTINGS [SUMMARY TABLES ONLY)

cop 1~ BY NET NEUTRO¥ PRODUCTICN (GENERATIION MINDS
cp BESORETICN)

{COXT)



CT
Co
D
CtT
<D
chn
CD
CC
<o
Ct
CD
Ct
CD
cT
Ch
Cct
CcD
ce
CD
Ch
Ch
g
Ch
CD
CD
(o
CD
CT
<D
(W

(Y

IX{16)

X (21)

1% {22)

1% 123)

IX (24)
1% {26)
IX {31)
1% {32)
1X {33)

IX(35)

I%i37)

IX (47)

IX {51)

204~14

2- BY CAPTIURE RATE IF FPERTILE A¥D ABSORPTIGHN
RATE IF FISEIIR

REFEAT THE CAICULATICNS CF REACTION RATES IKDICATED

ABOVE (IX(6).GT.0) USING FLlUX, ADJCINT HEIGHTIHNG
FECUIRING PILF ~EERTUB-

OPTIGN IC EDIT REACTION RATE HAPS USTHG FILE ~RTFLUX

MAP

HAP

«GT.0~ SEECIFIES A ELANE QOF A 3~T PROBLEH QR
A BOW OF 2 2-D PRCBLEH

-1- THE ELANE OR BOW IS TO CONTAIN THE
LCCATION CF BAXI¥HUB POWER DERSITY

FHRINCIPAL REBCTIICHE [MTES FOR FISSILE NUCLIDES

1- RAEBSORPIICH

2~ ABSORETICN BANL ERCDUCTICGN

3~ CBPTURE AND FISSICHN

4- CAPTURE, FISSICOE AND PRCDUCTION PER

APSORPTIION

EEINCIPAL REACTICON FATES FOR FERTILE HUCLIDES

i~ CAPTODRE

Z- AESORETICH CNIY

ABSORPTION RAJTES PCR NUCLIDES CF THIS CLASS

REPEAT THE HBAPPING ¥ITH WEIGHTING ON BDJCINT PFLUX

USING FILE ~PEERT(B

OPTICN TIC EDIT REACTIVITY COEFFICIENTS FOR ONIT

CHANGES IN FISETIE WUCLIDE CONCEWTIEATIONS

OPTICN IC EDIT EFEACTIVITIY COEFFICIENTIS FCR UHWIT

CHANGES IN FERTIIIE NUCLIDE CONCEHWHTEATICNS

OPTICH TC ERIT BFEACTIVITY COEFFICIENTS FOR UMIT

CHANGES IN NUCIILDE CONCEWTRATICHNS OF THIS CLASS

OPFTICK TC EDIT BEACTIVITY COEFFICIENTS FOR A CHANGE

IN BUCLIDE CONCENTRAITONS BY ZONE {FECH THE
NEXT~TO-IATEST VERSICN OF FILF -~ZWATLN- TO THE
LATEST) AND CHANGE IX HICROSCOPIC CROSS SECIIONS
FILE ~GRUPXS— SAME CERDER

1- ONLY COCNCEWTRATICN CHANGES

2- ONLY CROSS SECTICN CHANGES

3~ DC ONIY EOTH TOGETHER

4~ DC EACH AND ECTH IOGETHER

OPTICN TC PRCDUCE TFIAYEL NEUTRON PROPERTIES WITH

FLUX, ADJOINT %EIGHTIING USING FIIFE -EFERTUE- AKD
~D1AYXS~

OPTICHN TIC COLLAPSE CROSE: SECTIONS IN ENEFGY, FILE

~IS0TXS~-TC-15CTXS~ USING THE ENERGY STRUCTURE

GIVEN AS GROUP LCHWER BCUNDS DESCENWNDING EV, CATA

IN AFRAY XX STARTINC AT XX {21) TERHIKATING WITH

A ZEGO E¥IRY FCR THE LAST GROUF

1- PRODUCE MACECSCCEIC CROSS SECTIONS FOR PSEUDO
CENSITY ONITY FCE EACH ZONE, FLUX ®EIGHTEL

2=~ TPFODUCE CNE-TC~CXE NUCLIDE DATA ONLY FOR H®
ONES HAVING NCN~ZERO CONCENTRATICMS WITH FLUX
WETGHTING USTIRG FILE ~-RZ2FLUX~

3- SAME AS z EXCEPT FLUX, ADJCINT WEIGHTING
FEQUIRING FILli ~EFERTUB-

OPTION TC GENERATE A DISTRIBUTED NEUTRCN SCURCE FILT

—FIXSRC- USING FIUX FROM —-RTFLUX-

{CCNT)
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cr 1- TOTAL PRCDUCTIONS PROM FISSIOR ¥UILTIPLIED BY
cp $%73) NORMALIZEL TO A TCTAL OF XX (3)*XX {4)

ce TIF XX {4) IS NCN 2ERO, XX{3) SET TC UKITY IF O
cD 2- TOTAL DELAYFD NEUTRON SCURCE DSING FILE

co ~LLAY¥S—

co 2~ ASYMPIOTIC DELAYED NEUTRON SOURCE USTNG THE
cDp FAMILY GF LCNGEST HALF LIFE (ASSUMES DISTINCT
co ONE APPLIES) USIKG PILE -DIAYXS~

co 1% ({52) OPTICN TC GENERATE A4 ZONE-GRCUP DISTRIBUTED SCURCE
cp FILE ~FIXSRC- USING ZONE AVERAGE FLUX FILE

cp -RZFLUX~ (SEE CPIIOKS IMMEDIATBLY ABCVE)

cp 1Y {61) OPTICN TC GENERITE A PSFUDO ZONE~GROUP SQURCE FILE
co -PIXSRC- REQUIREL FCR A NEUTRONICS CRLCULATICN
cD OF 2 SENSITIVITY WEIGHTING FACTOR

cp 1- CONVERSION (BREELING) RATIC

C —————————————————————————————————————————————————— - — A Y " I Y T DD KD W A A S
C ————————————————————————————————————————————————————————————————————————
cs CLCSURE

c

cL BLANK1, {(X({1),I=1,10C), {I%(1),I=1,1CC)

c

c

co BLANK1 EWD OF FILE IDEXTIFIER {6H ) OR {6HELANWK )

c

C ———————————————————————————————————————————————————————————————————————
CEOE

ICCET)
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C %ok % ok dof % Ko R ol ok g R o YR ol ok ook S ek ok ok A Okl e o ok ok s o ok ok Kok ok sk ok ok Aok R Rk ok Bk b b koo

c REVISED 11/26/74

c

CF PERTUB

CE PERTURBATION DATA - REGULAR AND ADJOINT FLUX INTEGRALS
c

Ch ok ek d g o drpp ok ddhdkrRkphkhkokkkkopdokkdedddoktolopk kbt bbbk ok kshdn

C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
CR PILF IDENTIFICATICH

c

cL HNAME, [HUSE {1),T=1,2) ,IVEES

C

Cw 3%PULT+1

c

ch HNAME HCILERITH FILE NANE ~ PERTUB - (A6)

ct HUSE AOLLFRITH USER ILENTIFICATION - (A6)

CD IVERS FILE VERSION NUMNEER

cD MULT CCUBLE FFECISICN PARAMETER

CT 1 - A6 WORT IS SINGLE FRECISION WORD

co 2 - A6 NORL IS [CUBLE PRECISION %ORD

c

C ————————————————————————————————————————————————————————————————————————
C mmmmm A xR = > - Y T TS S = i . . — A2 A W 2 AP Y U A R R KD MM R < Rt e LI i ™ 42 T s T
CR SINGLZ VALUE CATA

C

CL EICDAD,¥K,CR ,X1,N2ONE, NGROGE, IND,N1,N2, N3, K4

C

CE BIGDAD EIG-TADDY NCRMAIIZAIION FACTCH

3] INTEGEAL ALJCINT*CHI*FPCRUARD*NUSIGF/K

Ch iK MUITIPLICATION FACICE [K-EFF)

cD cR ERIMITIVE FISSITE CCNVERSION RATIO

co X1 RESERVED FOF FPUTURE USE

CD NZONE WUMBER OF GEOMETFIC Z0NES

cD NG FOUP NUMBER CF NEUTECH ENERGY GRODBS

ct INT OPTIOF FOR INCIDTING TRANSEORT IKTEGEALS

ch N1 FLAG ON EFOELEM TYEFS ~

ce C- WEANING NC ERCEIEHS WERE SOLVED, OR THEY
cp WERE EIGENVALDE PROELEHS

CE 1 IS ADDED 10 THIS IF A riXED SCURCE FCEWARD
cD PROELEY WAS SCIVED

co 10 IS ADDED 10 THIS IF A YIXED SCURCE ADJCINT
ch PRCELE? WAS SCLVED

c N2 RESERVED FOR FPUTERE GSE

c N3 FESEFVED ¥OF FUTURE OSE

c N4 RESERVED FOB FUICRE USE

C

CW 11

C

C —————————————————————————————————————————————————————————————————— -

{CONT)
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o o e i e e e e o 12 e e 2 e e 2 e e e e o o T
CR INTEGR LS ¥FOR PREODUCTIIOXR MACEO

cL ({T {4, K) ,¥=1,NZ0NE) ,K=1, NGROUE)
cv KZ CHE* KGFOUP
co T FLUX (K) *CHT {KK) *ADJCINT (KK}, INTEGRAI OVER KK

Cp AXD VCLUME, DIVILED BY THE NULTIPLICATION
cr FACTOR, VOIURE INTEGRALS

CR FIUX, ATJOINT VOLUME INTEGRALS
cL ((S (M, KK), M= 1,NZONE) ,KK=1,NGRQUP)---=~ NOTE STROCTURE BELON-—=-—-
cH NZONE*NGROUP
C B0 1 K = 1,8GRODP
1 READ {N)  *LIST AS AECVE*
gn s FLUX (KK) *ADJCINT (K) VOLUME INTEGRALS

ce {INTC GHEOUF R)
cC

ot e et ot o o 2 4 e 0 e AR A o 2 e A T T 2 % o e e

CR INTEGRALS FCR TRANSPCRT
cc FHEESENT ONLY IF IND.GT.(
cL ((I(%,K),M=1,820NE) , k=1, NGROUF)
cW NZCNE*RGFOUPR

co T FLUX (K) *ADJCINT{K) VOLUME INTEGRALS

{COKRT)
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(L R S R EE LR RS LR L RS SRR R E R E R E R E RS E T I R L L T
c REVISED 11/26/74

c

CF FSTRTR

C

CE CODE-3LOCK~-DEPENDENT RESTART DAT1R SAYED FOR RECOVERY

c

CHRFFH PR IERE PR AR EE FERFERRF GRS R T I FIRFARAL RS RABRE SR RS S bk bR & ok Rk B ol ok ol 30k e e

T = = = = e @ o = m m o om om e wm o e o o s m am w o en am s o wm  m wm em e wm e o o em o em

CR TCENTLFICATION
C

CiL HNAXE, (RUSE(I),T=1,2),IVERS

C

cw 3=NOLT ¢ 1

C

CT HEAME HOLLERITH FILE NAME = BSTRIR - [26)

cD RUSE(I) RCIIFRITE USER ITENTIFICATION (2A6)

cr IV ERS FILE VERSION HWOUMEER

CD M LT DOUBLE PRECTSION EARAMETER

co 1 -~ 3 WCED IS SINGIE WORD

cr Z - A6 WORD IS DCUBLE PRECISION HORD

cp VEFSTIO¥ 1 RESEGFVEL POR VENTURE

c
C‘.__..-.u--..--»m—--..«...—.,,..,..m.-.-.,.c..',...mww.,,..‘.,......._._.._._..
C”w@’.‘-m@mw"‘ww-—vw\"-r-h—-ww— ———————————— e e e we owm
CR SEECIF ICATIONS

C

cL NFIf,NFI1Z,NF13,N1,82,N3, 84,85, N81,KR2,12

C

cH 11

C

Co KFI11 - NFI3 FIIE IDENTIFICATION FLAGS

co N1 - NS FESERVEL

ctT NR I N¥UMBER OF RECOEDE CF TYPE 1 DATA

€D NR 2 NOFBER OF BECORLS CF TYPE 2 DATA

cE L2 LERGIH OF A1l KECORLCS OF TYPE 2 DATA

c
C”—ﬂmwﬁmmdmuwwmﬂﬂ‘-‘-——M_C\-‘ﬂ—ﬂm’qmwmm"ﬁm
C—,———-..n-—aw«mmmmmr--nwgmnmm.ﬂmm-___.—..._a-»—..m
CR FECORD LENGTHS CF TYEE 1 CATA

c

CL (NWIR 1) ,J=1,%R1)

c

co KMIR{I) NUNBER CF WCRTS IN TYPE 1 DATA RECORL RECORD J

c

C¥ NR1

C

C.'M.,.‘m e e vm ax wr e am am e em e em mm am e = e e e e em m e e e e e cm e e e - e e

{CCHT)
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Cuw = v e e m w w m e w e e w e w o e W

CR
C
CL
C
Ccw
C
Cs
(e
C

BRESTART DATA HEC{RDS, TIPE 1

IDARSIT),I=1,M)

M, WHICH IS BWIR{J)}) FCF BECCRL SEQUENCE J

DO 1 J=1,HR1
1 READ{N) *LTST ABOVE®

CARS{I) COLE DEPENDEWT RESTART, RECOVERY DATA ARRAY

L e . . T A

FESTART DATA RECORDS, TIPE 2
{(D2RS{1),I=1,L2)
12

po 2 J=1,8R2
2 READ [{¥} *LIST ABCVE*

. e om e e am om wn v e e e e e e e e e

DARS {T) CCLE DEFENDENT RICCVYERY CATA ARRAY TYIPE 2

- am s am An o e me am ae ar ek ae e e m w e e

ICCNT)
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CHRBRAAAFAREK SR HRAE RIR KRR KRRk FRF KRR RN AR AR IR AR RH AR AR BRI IR R SR RA R R R R Rk
C REVISED 11/2€/774

C

CF FISESCa

C

CE FISSTOR SOURCE BY INTERVAL AND LISTRIBUTION FUNCTION

C

C ot ok ok sb ook o WSR3 o ke o ook o8 ok ok o ok ok o ok o ok o ok ok o ok O Rk o ok o R R ik B K Ok Kok Aok

C ......................................................................
CR FI1E ICENTIFICATION

c

cL HNAHE, {HUSE[I),I=1,2),IVERS

c

CH , IXHMUIT

c

cn HNAME HCLLERITH FILE NAME - EISSOR - (AS)

CL HUSE BOLLFRITE USER ILENIIFICATION (A6)

cD IVERS FILE VERSION NUMEER

co HUTLT CCUBIE EFECISICN PAFAMETER

cr 1- A€ WORT 1S SINGLE WORD

cD 2- 36 KORT 1S [CUBLE ERECISION WORD

C

c —————————————————————————————————————————————————————————————————————————
C ————————— > "o . . A S W " VTR T o~ . a0 . MDY YD R R W E D W A . S T T R W s ks P T s i o T P Y A <M P Y
CR SEFCIFICATICKS

C

cL TINE, ECWER, KEFE, I, JM, KM, NCY, %G, W%

c

cw 9

C

cr TINE REFEKENCE REAL TIME, DAYS

cD POWER ECWEF LEVFL FOR ACTUAL NEUTRONICS PROBLEN,

cr WATIS THERMAL

CD KEFF MUITIPLICATICK F2CICE

CE I NUMBER OF PIRST LI¥ENSION FINE INTERVALS

cp an NUKEER OF SECCHD LDIKENSION PINE INTERVALS

cT KM NUXBER OF THIRE [IMENSION PINE IRTERVALS

ch NC ¥ FEFERENCE CCUNT (CYCLE NUMBER)

cr NG NUMBER OF ENERGY GRCUPS

CD NZ NUFRER CF ZCNES

C

C ......................................................................
C ————————————————————————————————————————————————————————————————————————
c FISSION SOURCE DISTRIBUTIOX FUKCTION

C

c1L ({CHIM (N,K) ,N=1,NZ) ,K=1,NG)

C

CW NG*HZ

{CONT)
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CD CHIN N ,K) SODRCE OF NEOTECKS IN GROUP K, 20NE N

cR FISSION SOURCE VALUES
CL ((EFS(1,3),I=1,1IM),F=1,dM)--~~=NCTE STRUCTURE BELOH=====
cw IN*IN

CS £0 1 X=1,KHM
CS 1 READ{N) *LIST AS AECVE*

C PPS FISSION SCUECE EY IKTERVAL, NEUTRONS/SEC/CC

{CONT)
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CECHOXCHCHCHCACRCH CRCHCRCHCHHCHCHCHCRCRC R ICHCRCRCORCHCHROHCHCHC RO RCHROHC

IGCH
NZCUE
NREG
NZCL
NCINTI
NC INTJ
NCINTK
NINTI, IM
NINTI,d¥
NINTK, KN
I%BL
IMER
JNBT
JAEE
RMEF
RMER

NES

NBCS
NTECS
NZWBB
NTFIAG
NRASS
NGCP

X% ESH
THESH
ZHESH
IFINTS

JFINTS
KFINIS

VOIR
ESC
BNDC
BNCI
NZHBB
NZ C
NZNR
MR

IINE
EOQOWEE
Voi
NCY

sXeNasEeReEeNe Ne N e Re N ReRe NeXeReRa N Ne Nt e ke N R Re R RaRe Re X NaNe K Re e R ke R ke Ne X K Xe R KN e KeNe e e Xe Ne!

THE FCLLOWING DCCUMENTS HO¥ A SFECTIAL FILE IS WRITTEX IN BCD
FOR TRANSMISSION OF THE HMAIN EESUILIT1S FRCHM A WEUTRCHNCIS FROBLEH
TC ANCTHEE INSTALIATION IN 2 SIKGLE PILE, CONMPLETE &ITH THE
ESSEHTIAL DOCOUMENTING IRFORAATICN

FERAEEE R AR €2 RE S DEFPINTTIONS #ASb ks bk s R ndskhRe v 322SR dn ok dk 4 kb4 dkhn

GEONETEY
NUMBER OF ZONES
NUMBREE CF REGICHS
NUMBER CF ZONE CLASESIFICAIIONS
NUMBEE CF FIRST TIMENSICN COAKSE MfSH INTERVALS
NUJMEER OF SECOND DTHENSICN COARSE MESH IWIERVALS
NUMBER CF THIFD CINMENSICK CCARSE MESH INTIERVALS
NUMBER OF FIRST TIMENSICN FINE BESH INTERVALS
NUMBEE ©CF SECCND DIFENSICE FINE MESH INTERVALS
NUMBER COF THIRD LIMENSICX FINE MESH INTERVALS
FIRST BCUNDARY INDICATOE CN FIRST DIMENSICHN
LAST BOUNDARY INLDICATCR CN FIRST DIMENSICH
FIRST BCUNDARY INDICATOR CN SECONL DIBENSION
LAST BCUNLARY INCICATCR CRKR SECOND DIMENSICH
FIRST BCUNDARY INDICATOR CN THIRD DIMENSICN
LAST BOCUNLARY INILICATCRE CN THIRD LCIMENSION
HUMBER OF BUCKLING SPECIFICATIONS
NUMBEF CF CONSTANTS FCR EXTERMNAL BOUNLARIES
NUMBER CF CONSTANTS FCR INTERNAL BCUNCARIES
NUMBEFR CF ZOWEFS WHICH AEFE BLACK ARSORBERS
TRIAGONAL GECMETEY CPIICNWN
REGICK ASSIGNHENT OETION
NOT USEE
COARSE MESH BCUNTARIEZ, FIRST DIMENSION
COARSE MESH BOUNTARIES, SECCND DIRENWNSICN
COARSE PESH BCUNTARIES, TETIRD DIMENSION
NUMBER OF FINE MESH INTIEFVALS PER CCARSE MESH
INTERVAI, FIRST TIMENSICN
NUMEER OF FPINE MESH INTFEVAIS PER CCAESE PFESH
INTEBVRI, SECOND TIFENSION
NUMBEE CF FINT MESH INTFEFVALS PER COARSE MESH
INTERVAL, TEIRLD DIMENSICN
REGICN VCIUMES
BUCKLING VALUES
BOUNDARY CONSTANTS
INTERKAL BLACK BCUNLAFY CCNSTANTS
ZOME NUFBEERS WITH F£IACK BRESCREER CONDITIONS
ZONE CLASSIFICATIONS
ZONE NUMEER ASSIGNEL T0 FACH KEGIONW
REGION ASCSIGNMENIS IC MEEH INTERVALS
IF WEASS EC 0 CCRRSE PESH
IF NRASE EQ 1 FINE MEZH [ALWAYS THIS GETION)
REFERENCE REALI TIHE
POWER LEVEL
VOLUME CVER WHICH FCWFR WAS DETERHMINEL
BREFERFNCE COUNT ([{CYCLE NUMBER)

{CoOrT)



«C4~-23

C PUE POWER DENSITY
c NDIM NUKBER OF DIMENSIONS
c NG EOUP NUMBEF CF ENEEGY GRCUIS
o ITER OUTER ITERATION NUMEEF AT WHICH FLUX WA5 WRITTEN
C EFFK EFFECTIVE MULTIPIICITICK FACTOR
c FREG REGULAR TOTAL FLLX
ok sk e ok ol ko ok o ko ik Bdede o A N R R ok AR OR sk ok ok ok ok ok A b ¥k % ok ook ok o o ok o 3B ok ok ok oK e % 3k i koK ok ok
€
£ 3ok ol ok ok o ok e ok ok ok K ke e e 2k ok sk okook ok e e o ko ak kol ok Sk ok bk ok gk oo ok o ek sk i KOk ok o K ak koak A i Aok R ok Rk Aok
C
READ {I2AV,.1041) {TITIE{T),I=1,204)

C
{5 e o sk ok ok o o ok ok ok b b Rk ak e b ko ok ol o ol ke skl sk sl ok ok ke ok ok o ok b ok 3 bk ok ok ok g ol sk ok O O 0 ol ol 0K ik ol Wl ok ook
i
C START INTERFACE GECDST
C

READ {ISAV,1002)  IGCM,NZOKE,WREG,SZCL,NCINTI,NCINTJI,NCINTK,

* NINTI,NINTJ,NINTK,I¥BL,INBR, JNBT,INBE,KNEF,

* © KMEE,NBS,¥BLS,BIECS,NZWBE,NTBIAG,NRASS,

* {(NGOP(I) ,I=1,5)

HNCBHDI = NCINTI + 9
READ({ISAV, 10L{3) (XMESH {I),I=1,NCERDI)
NCENDJ = NCINTJ + 1
REZL{ISAY,1003) [YHESH [J) ,J=1, BCEEDD)
NCENCK = NCINTK + 1
READ IISAY,1003) IZEESH [K) ,K=1,KCENLE)
REZD(ISAY, 10C2) {IPINTS(I),I=1,5CINII)
READ (I €AY, 1002) {JFINTS {J) ,3=1,8CIKTI)
READ {ISAYV, 1002} IKFINTS {K) ,K=1,NCINTE)
REAL {ISAV,10C3) {YOLE (L} ,L=1,NFEG)

™ READ JISAY, 1003) {BSQ [N} ,¥=1,NES)

g READ{ISAV, 10C3) {BNDC (N) ,N=1,KBCS)
READ {ISAV,1003) {(BECI{N) ,¥=1,NIBCS)
IF(NZWEE.LE.C) GO TO 100
READ T €AV, 1602) (NZHEB (N} ,N=1,NZWBE)

100 CONTINDE

READ {ISAV,10C2) {WZC (¥} ,¥=1,NZCNF)
REZLJISAV,1002) {NZNR (L} ,L=1,HEEG)
IF (NRASS.GT.C) 60 10 1C1
II = HCINTI

JJ = NCINTJ

RK = NCIKTK
G0 TC 10z
101 CONTINUE
II = NINTI
J3 = NIR1J
KK = NINTK

102 CONTINUE

IO 103 K=1,4K

DO 108 3=1,34

READ {ISAV, 10C2} {(MB{1) ,I=1,1IT)
104 CONTINUE
103 CONTINUE

{CORT)



C
C
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ENT INTERFACE GEQDST

C*****#*ﬁ#’*%Q****#***#*#**####*4‘#i#*%#**####k****************#t*****#*

C
C
C

C
C
C

106
105

nOananno

103
108
107

[eNeXeNes NS

1001

1002

1003

1004

1005
C

START INTIERFACE EWROIRNT

READ [IEAV,1004) TIKE,PONER,VOL, I¥, N, K4, NCY

I¥ = NINTT
J% = NINIJ
R = NINTIK

DO 105 K=1,K¥

CO 106 J=1,JM

READ [T €AV, 1003) [E%R (I),I=1,1H)
COKTINUE

CONTINGE

END INTERFACE PWDINT

st o ok ok ok ok o ook b b S OR K Bk ko Rk Rk dokok ok ARk Bokok R ok ok kol Tk oo ok oK ok o o ok ok SkoROK S ik Rk ok

START INTIERFACE RTFLUX

READ {ISAV,1005) NDIM,NGRCUP,NINTI,NINTJ,NINTK,ITER,EFFK,PORER
£o 107 K=1,4 INTK

DO 108 ¥=1,¥GROUP

DO 109 J=1,¥INTJ

READ {ISAV,1003) {FFEG{I) ,I=1,NINTI}

COKTINUE

CONTINCE

CONTINUE

ENT INTERFACE RTFLUX

2R EE TR RIS LS N SSSS ISR A LR E R SRS R RS EESESEELE SRR EE LY

FOEMAT (1ZA6)
FORMAT {1216)
FOFMAT (€F12. €)
PORMAT {3E12.5,416)
FOFMAT (616,2E12.5)

Coa A AR R ok iR ko Rk Bl kR Rk R R R Rk bk bk kR AR R B Rk Dk R Ak Rk kK sk Rk
CEND OF THE FIIE
CHORCRORCRCH CHCKCHECRCHCHRCRCRCHRCHROICHRCR R CHCHCHORCHCCHCHCHCRCHCRCHCROICXRC

EWD CF SECTICHN 204
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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 in core. 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,

When the code is used as a load module or a job control procedure is

used as available to the system, a suitable overlay structure is made

available and need not be supplied.
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FICORE 205-1. PROGRAM OVERLAY STRCGCIURE

THE FCLIGWING LISTING SHEOWS TEE CCEBUNICATION THROUGH THE ERQUTINES
¥ITH TIWQ IEVEIS OF OVERLAY, I AKL E. 1IN ADDITION, THE POLLOWING ROUTINES
(ANE LABEI COMACN BLOCKES) ARE IN THE EOCT SEGRENT.

MAIN,DRIV,DIFF ,SKER,FERE,STOR ,NBRCD,ICFC,S¥EK, RITE ,CRIT, TTEER, DEEILE
CIOSDA

OVERLAY LEVELD

INSERT VENT,IONQ,CORE,CORI,CORP,GNAM,COFD,CCRB,EDSP,DASU

OVERLAY IEVEIT

INSERT GETCCR,FRECOR

OVERLAY IEVELD

INSERT MAC1,MACZ,MAC3,NACS,¥ACS,HMACE ,¥ACA , RACE,CHDN,SCAL

OVERLAY IEVEIL

INSERT COR1,MSHO,NRCF,HSH1,CON2,CON3, CRCT ,CONY,CONS,CONT,CONY, BNDY
INSERT WSH3,GEO(

OVERLAY LEVILE

INSERT EHIA,FHI1,EHI2,PHI3,FHI4, EHIS, EAIG, EBND, PC2D,BC3D, EDBN,SDBN
OVERLAY LEVILE

INSERT CRLX,EATG,IUCK,CCNG

OVERLAY LEVELL

INSERT ADN1,ACN2,ADN3,DCIC,LSDF,LIPS, A0S, 01817, CIH2,CHES,CHYEL,DI43
INSERT ZVRV,CEGY, FLRD, FLHE

OVERLAY LEVEID

INSERT COMC,LCAL,FLXR,FXSR,BSQV,AJNT,REV],EROS,ZI03,5AV1,5A¥2,SAV3
INSERT SAVY4,SAVS,SAVE,SAVT

OVERLAY LEVELL

INSERT OUTR,BALC,2INS,CHB®,CHB1,CHEZ, XTEP,JUSB, ATED, FFGG, RDUE,RELX
INSERT ESOR,SSOR,ESOR,FLDX

OVERLAY LEVELE

INSERT HOEX,ETR1,ETR2,SGDA

OVERLAY LEVEIE

INSERT LOIN,RRES,WRES,PREC

OVERLAY LEVEILE

INSERT FOU1,SCU1,POU1,INRT,LOUT,LEK1

OVERIAY IEVEIE

INSERT FO02,S0U0Z,PCU2,INRZ,1002,LEK2

OVERIAY IEVEIE

INSERT FOU3,SOU3,EOU3,INR3,I0U3,LEK3

OVERLAY LEVEIF

INSERT FOUU,SO0UY4,POU4, INRY,LOUN ,IEKE,QDIE,QELR, SCUX,J1CH

OVERLAY IRVEILE

INSERT FOU%,SO0US,POUS,INRS,10US,LEKS,d1C5

OVERLAY LEVEIE

INSERT FOU6,50U06,INRG,DELY

OVERIAY LEVEILE

INSERT FOUX,SCUY,EQUX, INRX,LOUX,LEKX,SCUZ,J4CX

OVERLAY LEVEIT

INSERT EDIT,POUT,NBAL,SOBL,FISS,FLEW,ESCS,ENDN

OVERIAY LEVEIL

INSERT FERT,LCAFA,LIFE,PERC,HMAPS,PMAP,QCUT,FIUB,TUFY,BER1,BBE2, NEPT
ENTRY SAIN

END OF SECTICN 20€¢
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Section 220-1: Conversion to Other Computers

The reference code is programmed for an IBM machine. We anticipate
a second version of the code being made available for certain other
machines, especially for the CDC~7600. This discussion addresses aspects
of the programming which must receive attention in converting between
machines. Comment lines within the source deck identify specific problem

areas.

On an IBM machine, much of the calculation is done in double preci-
sion and certain data carried as long words. On long-word machines, this
data should be carried as regular length and the associated double preci-
sion 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 IBM 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 others. This multiplier adjusts the length of words for short-
word storage and manipulations avoiding extensive reprogramming upon

conversion.

The following are basic changes required for 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.

H

3. Change all references to "Double Precision,” as in function defini-

tion statements., -
4, Change LX(39) to 1 from 2.

5. Change the apostrophes which delimit alphanumeric strings in FORMAT

and DATA statements.
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6. Replace the subroutine TIMER to provide information from the local

system,
ICLOCK -- gives cpu time
ITTIME -- gives clock time
MODEL -~ gives computer model
IDAY -~ gives alphanumeric: Month-Day-Year
7. Satisfy the data access requirements including the dynamic opening

of the files with parameters which are problem dependent.
8. Provide local capability to allocate memory dynamically, or fix the
container array allocation and communication of it.

9. Provide the necessary overlay structure.

10. Correct any discrepancies missed by the IBM compiler (and please

report this information back to us).

Local system routines would be needed to satisfy items 6, 7, and 8

above on an IBM machine.

In converting this code, considevatioun should be given to data storage
and transfer requirements. If large problems are to be solved, even a large
extended core cannot contain a set of the flux values, so they should be
carried on disk. Some of the data is used frequently, so it needs to be
carried in even a small memory; suggestions for partitioning the data

are given in the source program on comment lines.

END OF SECTION



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 trans-~
ferring 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 capacity must be well understood as well as the strategy
employed in this code if a modification is to produce improvement. A
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

e 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 the usual ortho%onal
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 pointwise
fission and inscattering source values, and removal terms for absorption
and outscattering, this space problem is partially resolved by inner
iteration, recalculation of the individual flux values by applying the
equations repeatedly over the mesh in an ordered fashion.

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 pro-

duced by fission at any energy, but these are summed to give a single
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space array of the total fission source with distribution of this into
the individual groups.

In one of the modes of data handling, the flux values are stored
on a direct access device in successive blocks for each energy group,
with the wvalues for each plane in an individual direct access record.
Thus, the data is carried in the order desired and in blocks as 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 disk head using the capability
of the operating system to account for where the records are located.

Upon reading or writing flux values, they are processed sequentially when
possible to minimize the amount of disk 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 efficient data handling, the last iterate and the present iterate
flux values are carried in different files. This permits sequential read-
ing and writing. A third file is also carred 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 when initially calculated frow nuclide concentrations
and microscopic cross sections. This is a direct access file which permits
efficieat access of the data during iteration with the particular scheme

mode of data handling selected.

The macroscopic scattering cross sections are blocked for all com-
positions and energy groups by inscattering group. Thus, the inscattering
source calculation is done by sequential processing of this data, one
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.
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All Stored Mode

For small problems, all 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.

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. lLnner iteration is done with minimum data
transfer, but reading the scattering data and flux values is required for

the source calculation.

Multi-row Stored Mode

For two-dimensional calculations, in this mode the space problem at
one energy is further partitioned to reduce the memory requirement. Data

o for several rows of fluxes are stored and inner iteration proceeds with
the minimum amount of data transfer for a given problem using the avaialbe
memory. This mode of data handling is a subset ¢f that described in more

detail below.

Multi~plane Stored Mode and Multi-Level 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:

Column 1 2 3 4 5
Plane
1 . . . . .
2 . . . . .
3 . . . . .
4 . . . . .
5 . . . . .
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Each dot represents a row of points for which new inner iteration iterate
estimates of the flux values will be obtained simultaneously. The calcu-

lation proceeds in such a way that the latest values are always used in

the calculation. That is, using the first subscript to refer to column
and the second to plane, after fluxes for row a; | are obtained, fluxes
?
for rows aj , and a, | may be calculated. Considering that the calculation
y & H

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
3 2
2 3
1 4

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

planes of data are stored:

Plane fteration
m 1

m-1. 2

m-2 3

w—-3 4
m-n—1 n-2
m—i n-1



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

of planes:

Plane lteration
M n-3
M-1 n-~2
M-2 n-1
M-3 n

M n-2
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 ig minimized relative
to computation for that problem which is too large to be handled in the
mnore efgicient modes above. Equation constants and also flux values are
each separately blocked into one record for each plane.

In the "multi-level data transfer" wode, 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 one~dimensional
problem requirements and the multi-row stored mode satisfies two-dimensional
problem requirements). Data is stored to calculate one row of fluxes at

a time and the required flux values for five rows is stored. Calculations
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on local computers in this mode show it to be very inefficient in total

time and have an extreme data input/output penalty.

Input/Output Operations

The number of data Input/Output operations is approximated for three-

dimensional problems by the following equation:

1!

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

= the number of groups,

the average actual scattering bandwidth in groups,

= the number of planes,

w oY om0 =
I

= the number of rows,

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

[2]

, 8 + é] , all stored mode
1+1 space stored
& = AG (500 2 ) s+ PG Bl plane stored >

4 + PR[4I + & + 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 is a direct dependence
on the scattering band width not shown and Chebyshev acceleration adds 4

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. Generally at ORNL, it pays to use a large amount of

memory to minimize data input/output provided job turnaround is satisfactory.

END OF SECTION



400-1

Application Information

In the following sections, application information is supplied which
is directed to the needs of the program user. He is referred to the intro-
ductory section of this report for a broad coverage of the function of
this neutronics code block, and to the later sections for the calculation
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 4530 the selected sample problems.
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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. In this section,

certain specific aspects are addressed.

1) Major program options are 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 and to

control generation of interface data files.
2) There are few constraints on the range of values of the variables:

+
a) Data used together can not vary by more than perhaps 1076 and
carry significance (atom density times cross section for the

contributions to a macroscopic cross section from two nuclides),

F b) Data outside of 10™"0 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,
may cause difficulty in converging the iterative procedure to

effect an acceptable solution.

3) All major data arrays are variably dimensioned and storage allocation
done dynamically. Problems have been solved which contained over

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

4) 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
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 wvari-
ables (the nature of the problem and its size) and the mode of data

handling; these requirements are edited each execution to provide
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6)

7)

8)

9)
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information which may 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 concentra-
tions 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.

No special forms of output are available, just printed pages, and a
large stack of paper will be produced for a large problem if many

of the edit options are exercised.

The programming has been done in a way to avoid underflows, overflows,

and divide by zero. We recommend that the operating systems be allowed

. .
to detect such occurences and terminate a calculation. Should such an

event occur, the cause should be traced by study of the program and

rectified; it is probably due to inadequate data or possibly inconsistent

instructions.

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 standard interface files and
the special interface file CONTRL described in Section 204.

To supply the required interfacing 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 standard free-form input data
processor. Althouéh the LASL standard input processora is in service at
ORNL, it is yet under development, so four special input porcessors have
been implemented and are in use locally and are included with this first
issue of the VENTURE code package. Appendix C describes how these special
input processors are used under the local driver. A separate document
acompanying this code describes the punched carﬁ input required by these
processors. Alternatively, the standard input processor can be used to
generate the required interface files from cards including the file named
CONTRL. The special input file required for general use of the associated
code block for processing microscopic cross section files can not be

generated by known versions of the standard input data processor.

a1, C. Vigil, et.al., "Service Modules for Version II Standard Intgrface
Data Files," USAEC report, Los Alamos Scientific Laboratory, LA-5367-M5

(1973) (Upgraded to Version III.)

END OF SECTION
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Sectjon 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 2xceeded.

The fatal errors are of three types: those encountered in processing
standard interface data files (error number 666), other interpreted
ervors (error number 553), and system detected errors. Hopefully the
information printed will adquately describe the cause and corrective
action can be taken.

For arithmetic operations where necessary, checks are made for over—
flows, underflows, and divide by zero. 1In 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.

END OF SECTION
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Section 407-1 TImplied Capability and Limited Implementation

The interface data files used by the VENITURE code are those drawn up
in an inter-installation effort. We have attempted to keep the coding
up to date with the specifications through the period when these were
being modified to satisfy requirements. We believe this implementation
is a reascnable one in that the records are properly read and written,
at least compatible with the locally implemented input data processor.
Still certain of these specifications imply capability which is rather
general and only a sub-set of possible alternatives has been implemented.
This section addresses this subject to identify what is actually avail-
ble 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 vcf(g)-x (g+g').
"""""""" The macroscopic data is recast into the separable form vZf(g), ¥ (g) without

carrying the full group to group dependence, Both the production term
(vZf) and the distribution function (x) are made zone dependent.

Only simple blocking of the scattering data is assumed, not certain
possibilities which could lead to only partially filled data blocks.

In applying the Pl data it is assumed that the Legendre coefficient
2Zn + 1 is contained in the data and is not multiplied in anywhere along

the process of calculation.

At the time this is written, 30° and 90° triangular and (0-R-a) geo-
metries have not implemented; we expect that a later release version
will treat these. The user is cautioned to refer to the figures in
Section 702 for actual orientations implemented; no other 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

e because usual symmetry conditions can het be readily represented accurately.
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The repeating (periodic) boundary with the opposite face is allowed only
for the first boundary condition (IMBL), no others. The rotational sym-
metry condition (repeating, periodic, with the next adjacent face or

along the face is allowed only for the right boundary of the first dimen~
sion (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 aloug
with the internal black absorber condition which applies the non-return

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 degree of
uncertainty, unless NRCH (1) is made >0 to cause these to be updated
periodically alt a computation cost penalty. If NRCH (2) is >0, a secon-
dary search will be done when constraints are not satisfied unless overs
ridden by IX (11) in the DININS record in the CONTRI file; it is possible
for the data to present a never-ending calculation, so care must be
exercised in specifying more than one set of search data, the instruc-

tions for 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 and to access it
for restart of a neutronics 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 con-
tinuation is allowed only from some well-~defined state of the calculation.
This successful exit can occur only if 1) the convergence criteria
specified are satisfied, 2) the limiting number of outer iterations is
reached, or 3) the permitted machine central processor time or allowed
total (clock) time is exceeded. The data is saved periodically on a

cycle of processor time specified in the CONTRL file input data.

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
e equation constants from the data in the normal user input for the new
computer run. Then the data saved from the prior run 1s accessed and
the calculation continued. Certain initialization procedures are bypassed,
as of the flux and the overrelaxation coefficients. Some changes in the
input data are allowed, some will be ignored, and others will cause abort;
generally, no change is admisgible which would cause changes in the loca-

tions 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 iterative procedure, but not always sufficient
to duplicate the process; acceleration schemes requiring 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).
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Restart must be specified in the user input control data.

The number of outer iterations will often have to be increased to

allow the desired convergence level to be satisfied.

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, of course, need not

be regenerated.

Input data which can not be changed because the data storage loca-

tions would be altered include the following; note that the saved iterate

flux values will be used for the restart case:

1.

2.

Number of dimensions and energy groups.

Number of mesh points along each coordinate and the number of

material composition zones.

The mode of data handling during the iterative process, and normally

the number of inner iterations which alters the use of data storage.

Basic problem type should not be changed (as from Py to Py, eigen-—

value 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

control options as of use or not of Chebyshev acceleration on outer

iterations may be chaunged.

Although it might be better to start the problem over, the following

are allowed changes for restart:

1.

2.

Nuclide assignments and concentrations.
Microscopic cross section.

The geometry (if both are orthogonal, not if one is hexagonal or

triagonal).
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4. Boundary conditions excluding any change in the assignment of internal
black absorber points.
5. The meshpoint spacing and the assignment of points to regions and
regions to zones.
Thus if a modest change is 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
properly in space and energy. Remapping in space is allowed; it is assumed
that a regular expansion of the mesh points was done and a simple linear
interpolation of flux values is made. This allows a many-point problem to
be initialized from a coarse solution.

END OF SECTION
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Section 440: Edited Results

This is a general discussion about the information edited which
documents each calculation done by an access of the code block. This
discussion is ordered in the way results appear in the output. Brief,
descriptive headings identify output results. Major edits are under

controel of the user.

Problem Details

Certain details of the problem description are contained in the
interface data files and are not edited by this code block. The docu-
menting edits would be done when these interface files are generated

with user input or if a listing is made of the file contents.

Some of this information includes:

1. The geometric description including the locations of mesh points and

material interfaces and zone volumes.
2. Boundary conditions.
3. Nuclide concentrations and associations with cross section data.
4. Microscopic cross sections.

5. Criticality search specifications.

Preparatory Information

The following information may be produced before the actual neutronics

problem is addressed:
1. Assessment of storage requirements.
2. Selected mode of data handling.
3. Macroscopic cross sections on option.

4, Certain problem documenting information.

o 5. The type of neutronics problem and information about the method of

solution.
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Iterative Results

Each outer iteration, information is extracted about the iterative

process and may be edited:

The calculation mode.
Assessment of inner iteration convergence.
Assessment of outer iteration convergence.

The maximum relative flux change from one outer iteration to the

next.

Estimates of the eigenvalue of the outer iteration error vector

which dominates asymptotically.

Outer iteration acceleration factors.

Actual eigenvalue used in the calculation,

Estimate of the eigenvalue of the problem (the multiplication factor
or the search problem eigenvalue or the rebalancing factor for fixed

source problems), generally determined from an overall neutron balance.

in addition, information about the inner iteratiomn behavior may be

obtained as a higher level of edit.

Summary

Upon termination of the neutronics calculation, a summary of the

results is edited:

Number of outer iterations done.
The terminal calculation mode.
Terminal maximum relative flux change.

Estimate of the eigenvalue of the outer iteration errox vector which

dominates asymptotically.

Information about acceleration parameters.

The eigenvalue of the problem, often the multiplication factor.
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Reliability estimates of the multiplication factor.

Power level normalization.

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

Gross neutron balance (external leakage, losses, production source).

Results from the Calculation

11,

Edits of the following are available to the analyst:

Neutron balance data by energy group and zone."

Gross neutron balance data by energy group.

Point neutron flux values.

Peak power density.

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
data) at the macroscopic cross section level (microscopic data is not

reaccessed).

Other Results

Other results may be produced by other modules in the system, such as

integrated reaction rates and interpretation (as in a fuel conversion ratio

calculation) by the reaction rate module.

a . s . . ]
An estimate of the primitive conversion ratio is also available when the

fissile and fertile nuclides are identified.

END OF SECTION
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Section 450-1: 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

"stacked" cases. The input data are processed by the LASL standard input

processor.a Table 450-2 displays input data for two of the cases in the
form required by the special processors.

Table 450-3 displays selected printout from the computer run. Since
this code is under continuous development, the output shown may not agree
one~-to-one with numbers produced by the code as issued. However, the

end results should be in very close agreement.

ST

%1bid., p. 403-1.
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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° seg-—
ment. Due to symmetry conditions, the problem can be solved with reflec-
ting 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 below. Along
coordinates, the number of internal mesh intervals is shown for each

coarse interval and the spacing in centimeters.

U

a = 0. 1707963

COARSE MESH SKETCH OF VENTURE SAMPLE PROBLEM 1.
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Note that the macroscopic cross sections are provided in pseudo

microscopic form to generate an [SOTXS cross-section file. The normal
neutron flux eigenvalue problem was solved and then the adjoint problem

using k from the normal problem. The problem was solved with all

eff
data stored in the computer memory which minimizes input/output of data

between memory and disc,

VENTURE Sample Problem 2.

"3-D (X,Y,Z) Buckling Search (0ld Whirlaway Case)

9%x9x5x2 Group, 810 Points Stream of CITATLON Cases ORNL 72"

This problem treats one-—quarter of a reactor and jovolves three
zones of different compositions. Again macroscopic cross sections are
presented 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 vequested 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 DBE over the problem. The eignevalue problem was solved

~

adjoint problem. Perturbation calculations are also dopne and space

point importance maps are printed.
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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 instru-
ctions for the problem first instruct the code to do a direct nuclide
criticality search for a multiplication factor of 1.01 by adding a mix-
ture of heavy metal (238y, 239pyu, 2%0py). The solution ié found to be
1977 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%) should be added and
that a secondary search be done to attain the desired state. This second
search is a dimension search in which the widths and hedights of specific
course mesh intervals, the shaded area shown in the sketch below, are to
be adjusted. The requirements for the desired state are determined and
the adjoint problem is solved and perturbation calculation done. In
addition, nuclide reaction rates are produced and printed. The geometric

description of the problem is shown below.
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TABLE 450~1. INPUT FOR SAMPLE PROBLEMS IN THE LASL STANDARD
INPUT PROCESSOR ¥FORHMAT.

/7UIDXYZZZ JOB (CHARG,s..99,9000,,1),ADRES,NANE COL 38-57! ,CLASS=Y,
// TYPHEUN=HOLD,

// MSGLEVEL=({1,1)

/*ROUTE  PFRINT LOCAL

//STEP EXEC VENTUREX,

/7 NB1=1,8B2=1,B1=35%20,82=15360,0%=2 ,N5=50,N1=100,

// H2=U§,W3=13, H4=1, N5=6, N6=10,H7=1,88=1,R89=2, N10=2,N11=3 ,N12=5,¥13=2,
s/ Niu=1,¥15=10,

// PARM.FORT=* NODECK,NOLIST,SOURCE,XREF , MAP?,

// REGION.GO=310K

//FORT.SYSIN DD *

Ve

//LEKED.BVDRIVER DD UNIT=2314,YOLUME=SER=2X2222,DISP=SHR,

// DSNAME=TBF.,BOLD. VENTURE. DRIVER

//LRKED.SYSIN DD *

INCLUDE BVDEIVER

Vi

//7G0, XEXXXXXX DD UNIT=2314¢, VOL=5ER=2X2222,DI5P=5HR,

// DSHNAME=TBF.BCLD. VENTURE

//G0. FT99F001 DD #*

A Aok AW R R bk Rk okkk%k BOLD VENTURE RUN ~ SAMPLE PROBLE}‘[S**************#****‘

015000 3 1
i 6 7 1V 7 1 6 7 8 O
0V CONTERL

1D PROINS /

% PERIODIC BCUNDAERY IN THETA-B GECMETRY, CASE A4 WITH BLACK ABSORBER *

# 24(20X3 GROUP, 1440 POINTS FWRD. + ADJ. *
s *GWCRUN* *GWCRUN* 0.0 748 0 100RB

1D DVRINS 0.0 100R 15000 0 99R

1D XCPINS 0.0 1WOR 0 0 ¢ 1 0 188 1 1 O T6R

1D DTHINS 0.0 3B 1.0 3R 0.0 1.6 0.0 0.0 1.0-6 1.0-5 C.0 88E

0 3R 1 010 138 50 038R Y 1T 11 10 7R

iD * * 0.0 100R 0 100R

0¥ IS07Xs

i 3 3 ¢ 1 4 1 ¥+ 1

2/

*CITATION MACROS TO HMICKOS *

*2Z0DKE 1% *ZCNE2* *ZONE3* 0.6 0.4 0.0 0.0 3R 0.0 48 0 3 6
4D (*ZORE1%x) 38 0.0 1.0 0.0 4R 0 1 10 58 ¢ 1 0
o 1 122 111

5D 1.987677-1 3.833180-1 9.962149~1 0.0 3R
0.0 2.864-2 1.132-1 0.C B8.0-14 1.0-12
0.0 9.4375+410 1.088¢3t 0.6 0.4 0.0

7D 0.0 0.0 4.378-2 0.0 4.295-2

4p {*ZCNE2*) 3R 0.0 6R O B8R 1 1 Q

60 1 1 z2 111
5D 1.820%-1 2,745745-1 3.333333-1 0.0 3R
1.3-2 8.0-3 0.0
7 0.0 C.0 4.3-~3 0.0 2.5-3
4p (*ZG¥E3*) 3R (.0 68 0 88 1 10
o 1 t22 111

{CONT)
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50 2.438430-1 3.261580~1 5.0483977-1 0.0 3R
0.0 2.9-3 7.1%6~3
7D 0.0 0.0 2.016-2 0.0 1.392-2
0OV GEODST
1 /
8 316 1 4 4 12420 v 3 3 1 2 v 1 /
1t 6 3 1 0 1 058 /

3D 7/
0.0 1.707963-1 1.570796 1.741593 3.141593
0.0 30.0 35.0 45.C 70.¢0

4 8 4 38 /

6 4 4 6 v
50 /

7.685832+1 ba3¢+2 T7.685832+) 6.3¢+2 2,775439+1 2.27542

2.775439%¢ 1 2.275¢+2 6.831851+1 5.6¥2 6.831851+1 5.6%2

2.455137+2 2.0 125+3 2.455197+2 2.0125+¢3

1.C-3 /

0.0 3R G.4692 0.0 2B 0.0 2R 0.4692 /

2 111/

148 2 1 2 1 5B 3 4R
I 4

(Y 4R 2 8R 3 4k 4 8BK) 6R /

(5 4R 6 BR 7T 4R 8 HBR) 4R

{9 4R 10 8R 1 48 12 8E) 4R /
(13 4B 14 B8R 15 4R 16 8K) 6R /
OV NDXSRF
1/

3 1 3 3 3 0
2D /

(*ZCONE1* *ZONE2* *ZOME3*} 28 0.0 6R 0 3R 3 0 0 ¢

(v 2 3) 2R
3 s

3.125352+43 5.550879+1 4.516035+3 1.0 3R 1 3R
OV ZNATDY
1 /

0.0 0 3 3 1
2D /

1.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 1.0

STOP

ENDINPUT
0¥ CONTRL
1D PROINS /
* 3-D {X,¥,Z) BUCKLING SEARCH (CLD ¥HIBLA¥AY CASE) - 9X9%5X2 *
* RUNNING IN THE PLANE STORED MODE - 4 PLANES STORED *
* * ¥ * 0.0 74 0 100R
1D DVRINS 100R 54000 0 99R

0.0
1D XCPIHs 0.0 1002 0 23R 1 € 76R
1D DTHIRS 0.0 1.0 0.0 10.0 1.0 2R 0.09 0.0 3R 1.C0-6 1.0-5
0.0 88R
03R 1 & 1 0132 50 0B8R 15R 0 v O 16R 0 2R 5 1 | O 3R
1 0 ¢+ ¥ O2R 0O 1 2 0 2 % 0 38R
D * * 0.0 1008 0O 1008
0V GRUPXS
1/

{COHT)
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2 30 v 0 1 % 0 0 0 v v O 0
2D/
* GRUPXS CROSS SECTIONS FOR VENTURE SAMPLE PROBLEXM
{*ZCHNE1* *ZONE2* *ZONE3¥)
1.0 0.0 ©0.0 2B 6.0 3%
8D /
{* *} 3R (*CITHNXS*) 3B (* *) 3R /
0.0 3B 6.25-11 2.5~11 0.0 0.0 38 0.0 38 0.0 3R 0.C 3R 0.0 3R /
03B 0 1 12 G O 7R

5D /
2.222222-1 1.3%60784~-1 2.7773778-%
0.0 3R v
4.0-4 5.0-4 5.2-4 y
B.0~4 2.0~4 0.0 /
5.0 2.¢ C.0/
1.0 2R 0.0 /
5D /
2.777778-1  2.949854~1 3.831418-1 /
0.0 3r /
1.55~-3 3.8-3 8.0-3 /

3.15-3 Z2.%53 0.0 /
20.0 10.0 0.0 /
0.0 3R
™/
132 1 3R
BD /
0.0 3R
m /
2 3R 1 3R
8p s/
P 0.0 3.3-3 0.0 5.2-3 0.0 6.7-3
0V GEODST
1 7/
3 3% 3 1 1 9 9% % Yy ¢ 0 v O 0 1 6 Vv O 0 1

b
=

&
=]

- OO ON U'I\DJ:OOQ\O

* 5 2

193]
o

0.0 2160.0 2430.0 /
109645 /

1.C4¢30 1.0+#30 0.0 1.0#30 1.0+30 /
632 /

B8 AN\
WEOO® NN SO0 i

[SR--
~

3/
i 7/

(1 48 2 2R 3 3R 9R /
7 /

{1 48 2 2R 3 3R) 9B /
m /

{CORNT)



450-10

(Y 48 2 2R 3 3B} 9B v

m s

(1 4B 2 2R 3 3Ky 9B /
70 /

(1Y 4R 2 2R 3 3R 98 7
OV #D X3RP
10 7/

31 3 3 3 0
2D 7/

(¥*ZONEi* ®ZONEZ#¥* #ZONE3*%} 2R 0.0 6R 0 3R 3 0 0 O
(v 2 3) 2R
3 7/
2160.0 2160.0 2430.0 /
1.0 1.¢ 1.0/
1 1 1

0V ZuATDN
m /s
0.0 0 3 3 1
2D/
1.0 0.0 2R /
0.0 1.0 0C.0 /
0.0 ¢.¢ 1.0
STop
ENDINPUT
0V CONTRI

1D PROIXNS /

¥ 2-D 17X10 - 5 GRQUP SEARCH PROBLEXN

* PRINARY SEARCH = NUCLLDE(DIRECT) - SECONDARY SEARCH = DINENSION
* * % ¥ 0.0 74x O 100R

1D DVRINS 0.0 100R 10000 0O 99R

1D XCPINS 0.0 10UR O 3r 1 0 188 1 1 0 76R

iD DTHNINS /

0.0 3R 2345.0 1.0 0.5 0.0 4R 1.0E-6 5.0E~-5 0.0 888 /

0 3k 1t 3R O33R 7 O9R 35 O08rR 1 ¢+ 0 1 1 0 1 0 O
O 0 5 1 1 03 ¥ 0 1 1 0 3R 1 2 0 41R

1D RRTINS 0.0 100 0O SR 1 O O 0 1 t 1 O 1 O E6R

1D % * 0.0 WOR 0O 100R

OV ISOTXS

i /

515 ¢ 4 0 1 1 1

2D/

¥ 5 GROUP LAFBR CROSS SECTION SET.

*¥0-16 * *KA-23 * CR~N % *MN-55 * ¥FE-N % 4#NI-N * ¥NHO-N ¥

*TA~181% #0235 % *[-238 % *Pp{~-239% *py-240% *PU-24 1% *PU-242%

*3SFp *

0.755037 0.238025 0.006938 0.0 2R /

2579.927 B91.3213 32¢.5u34 108.3773 41.77161 /

1.49182E+4¢7 8.2085E+¢5 6.73795%8+4 9118,816 748.5188 1.08-4 /

0 369 12 15 18 21 24 27 30 33 36 39 42
4D /s

0~ 16 * *CITNXS¥ *3-16 * /

15.86200 0.0 5R /

000 OSSR 1O O 1/

12 3 2 2/

{CONT)



450-11

1 SR
50 /
2.001819E400 3.538190E+00 3.530899E+00
0.0 0.0 0.0 0.0 (.0
6.,058659E-03 0.0 0.0 0.0 4.38848B8E-16
7
2. 166470E+400 3.647599E+00 4.272870E~01
1.122229E~07 3.562880E+400 1.304229E~01
4n s
*NA-23 #* %CTTNYS* *NA~-23 * /
22.78600 0.0 5R /

6 11 05 11001/
1 2 3 2 2/
1 SR
5D/

2.036969E+40C 3.538750E+00 4.970710E+00
0.0 0.0 .0 0.0 0.0

1.786468E-03
1.54 1630E~0¢

S5.14b489E-04 1.094200E-03

C.0 0.0 V.0 0.0

3.586479E+Q0

3.463120E+00
3.6775B9E+00

1.154060E+01

1. 207 110E-02

3.8024380E+C0

1.759329E~01
8. 492589E-02

3. 192539E+00

5.816218E-03

2.000000E+0G0 0.0 0.0 0.0 0.0
7.5503708-01 2.380250E~01 6.937999E~03 0.0 0.0
m /s
2.622210E+40C 3.743600E+00 4. 186479E~01 4.857280E+00 1.3Z4430E-01
1.452600E-04 1.609309E+07 1.4 14840E~01 3.054230E+00 5.449740E-02
4p /
*CR-N ¥ *CITHXS* *(CRBR~-N * /
52.01000 0.C 58 /
500 05RY1 14001/
1 2 3 4 5/,
1 5R
....... 5D /
1.B95960E+400 2.B47699E+00 4.099540E+400 1.258560E+07 4.4 85060E+00

0.0 0.0 0.0 0.0 0.0

3.482590F~03
i 7/

2.654610£+00
6. 12E579E-03

4,594 6878~ 03

3.672379E+00U
1. 243190E+ 0

7.548548E-03

2.405180E~-01
1.0S4289E-01

1.374699E~01

4.268359E+00

1.257820E~01

3.8983908-02

0.0 4.783079E~-04

4,296340F+00 3.122900E-02 0.0 0.0 2.785960E~05
4D /

FMW~55 * XCITHNXS* *MN-55 * /

54.46500 0.0 SR /

5711 0SSR 11001/

1 2 3 4 27/

1 5R
50 /

2.59 1643E+00 S.235530E+00 1.456410E+01 6.231160E+01 1.002660E+02

0.0 0.0 0.0 0.0 6.0

4.334409E~03
1.073100E-0C4
2.000000E+00
7.5503708-01
70 /
2.974719E+400
1.911900E~02

1. 134890E-02
0.0

0.0
2.380250E~ 01
5.436 8908400
7.8170098+013

5.448210E-02

0.0 0.0 0.0
0.0 0.0 0.0
0

6.937989E-03

4.263680E-01
4.328420E-01

{CONT)

3.652869E~-01

0.0 0.0

1.396750E+01
5.918168E-03

3. 209069E+00

1.8517808~01
5.526U468E~04



1.468200FE+02 1.011980g- 01
4p s

*FE-N * *CITNXS* *FE~-N
55.84500 C.C SR /

500 05S5rR1 1001/
1 2 3 4 27/

1 5R

5D /

2.1568090E+00 3.48269%0E400
0.0 0.0 0.0 0.0 0.0
2.519850E-03 5.252499E-03
i/
2.565539E+00 3.926530E+00
1. 16 1280E-02 B8.834049E+00
1.047090F+01 6.575638E-02
4p s
#NI-% % *CITNYS*% *NI-N
58.70500 0.0 SR /

500 05R 11001/
1 2 3 4 5/
1 5R
5D /

2. 29G829%E+00 4.373010E+00
0.0 0.0 0.0 0.0 0.0
T8411516E-02 9.023577E-03
70 /
2.735749F+00 4.621883E+00
5.383287E~03 1.5895%0E+01
1.617560E+401 2.805179E~- 02
4p s
*Y0~N ¥ ¥CITNXS*¢ *HO-H
95.06600 0.0 5k v

S11 05SR1 1001/
1 2 3 3 4y

1 SR

5D /

3.663779E400 7.085640E+00
0.0 0.0 G¢.0 0.0 0.0
2.366135F~02 6.210750E~-02
1.485650F~03
2.000000E+0C
7.550370E-01
T/

4 ,57T7000E+00
1.588170E~02
2.030290E-02
4p /

2.380250E-01

8.479 199E+00
5.658710E+00

450-12

6.566119E+00
1.946380E~02
3.413320E~-01
8.631374E-02

* /

1.7166C9E+01

1.7 14480EF~02

3.031090E+00 1.055570E+01
5.074910E-02 2.056830E-02

36379E+00 3.,941110E-02
i
)

7.6
0.0 5.354248E-04

1.579460E+01 1,633490E+0}

1.964660E-02 3.536980E-02

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

* /

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

2112700E-01 1.518339E+00 3.248449E+00

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

6.937999E-03 0.0 0.0

8.577530E~01
3. 783630E-02

7.315180E+00
8.116618E~04

7.333905E-02
9.642159E+00

0.0 2.710729E~05

*TA—-181% *CITHNXS* *Ta~181x /

179. 3900 0.0 SR /

711 05811001/
12 3 3 27/

1 SR

5D /

4,137730E400 6.5660160E+00

1., 075010E+401 1.6B7169E+01 2.870953E+01

{CONT)



0.0 0.0 0.0 0.0 0.0

7. 64 8069E-02
3.773690E-03
2.000000E+00C
7.550370E-01
m /
5.053289E+00
2.069130E-02
3.956910E~02
4p /

2.887599E- 01

450-13

8.258290E~01

0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

2.380250E~-01

7.277980E+00
1.4531040E+01

6.937999E-03

1. 3C0570E+00
7.560796E~012

*P-235 * *CITNXS¥ %0-235 * /

233.0250 3. 148100E-11
05811001/

1 11
1 2 3 3
1 58
50 /
4.760500E+400

3/

8.222549E+00

0.0 0.0 G.0 0.0 0.0

6.753063E-02
1. 27€6409E+0C
2.667859E+00
7.550370E~01
m 7/
4.856970E+00
6.262079E~-03
1.911250E~C2
4p /

2.9533968-01
1.422770E+00
2.457879E¢ 00
2.380250E~01

7.983669E+00
1.135630E+01
2.0765508- 05

*xJ- 238 * *CITRXS* *{-238

236.0060 3.1625008B~11
0511001/

211
i 2 3 4

1 5R

5D /

4,846760E+00

v

8.571039E+00

0.0 0.0 0.0 0.0 0.0

8.457595E~-02
3.346020E~01
2.786519E400
7.550370E-01
m /s
4.,988910E+00
4.470190E~-02
1.838379E+C1
4p s/

1.702173E~ 01
2.376520E-04
2. 466 439E+G0
2.380250E- 01

1.002520E+ 01
1.698059E+01
1.8374408~02

0.0 48 /

1.359530E+01

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

7.749810E-01
3.006150E~02

* 7

U.0 4R /

1. 344970E4+0 1
4.8
0.0
0.0
6.9
1.818430E+00

4.3110790E-02
3.887150E~-04

*¥PU-~239% *CITNIS* *pU-239% /

236.9990 3.2586008-11
0sSgR 110401/

i1
1 2 3 3
1 5R
5D /

2/

0.0 4R /

4.954309E+0C 8.718180E+00 1.417930E+01
0.0 0.0 C.0 0.0 0.0

1.869965E-02

1.703405E-01

5. 4755378-01

1.883070E+00 1.548629E+00 1.793650R+00

{CONT}

3.224420E+00

0.0 0.0

1.042650E+01
1.500330E-03

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

1. 06 1980E+01
6.019380E~04

1. 768149B+01

9.735650E~01

0.0 0.0

1.325670E+01
5.152000E~04

1.348113E+013

1. 758830E+00
3.520470E+00

6.866340E400

1.373640B~01
2.0C3560E+01

3. 1EB0229E+01
6. 114193E+ 00

1.4 33350 E+01
2.430070E+00

1.128620E-01
1. 1729 10E+01

1.8S0230E+01

1. 381539E+00

1. 357570E~01
2.062660E-04

3.2741959E+01

5. 1(5810E+00
9.376289E+00



3.159670E+00 2.903330E+00
7.55C370E-01 2.380250QE~ 01
7D/

4,755099E+00 8.660600E+00

1.403830~-02
2.207640E-02
up s

1.228110E¢ 01

450~14

2.8TU4129E+00
6.937999E~03

6.977440E-C1
5.996540E~02

#pU~-240* *CITNXS* *pU-240% /

237.9900 3.282700E-11
05 11001/

211
T 2 3 4
1 5R
SD 7/
5.054469E+00C

3 /

8.6CunT70E+00

0.0 0.0 €.0 0.0 0.0

9.490967E~02
1.543460E+00C
3. 146523E+00
7.550370E-01
m s
4.944110E+00
1.617920E-02
1.921140E+01
4p s/

2.0499380E-01
2.327840E- 01
2.935940E+00
24380 250E-01

1.004 100E+01
1.696700E+01
3.237760E-02

0.0 4R /

1.371420E+ Q1

5.8267 10E~01
1.00€230E-01
2.8T7U260E400
6.937399E-03

9. 152250E~01
3.657120E-02
1.642760E~-05

*PU-2641% #CITNXS* *PU~-L41% /

238.6780 3.305100E-M1
0 5r 1

1 11
1 2 3 4
1 5R
5D /
5.104230E400

1001/
3/

8.643849E+00

0.0 0.0 0.0 0.0 0.0

2.668353F-02
1.703650E+0C
3.256940E+400
7.55637CE-01
i/
4.529670E+00
Te 122946E-02
1.299900E+01
4p s

2.172995E- 01
1.869960E+00

3.005619E+00

2.380250E- 01

7.873812E+ 00
1.127 190E+ 01
2.077500E-02

U.0 4R v

1.269630E+0 1

5. 064100E-C1
3.036860E+00
2.9732B0E+00
6.937999E~C3

1. 1654 49E+00
4. 181530E-02
1.391030E~-G3

*¥PU-242% =CITNIS¥ *PU-242% /

240, 1450 3.276200E-11

311 051
1 2 3 2
1 5R
5D /
4,493773E+00

1001/
3/

7.721160E+00

0.0 0.0 €.0 0.0 0.0

4,164982F~-02
1. 453540E+00
3.122800E+CO
7.550370E-01
D/

1.358470E~01
1.398230E~01
2.885630E+00
2.3B0250E-01

0.0 4R /

1.416950E+¢01

4.516167E-0 1
4.5632320E~-02
2.812289E+00
6.937999E-03

{CONT)

2.870489E200
0.0 0.0

1.152080E+01
1.393650E-04

1.888 1708401

1. 765706 E+00
8.248240E-02
2.870649E+00
0.0 0.0

1.332420E+01
4.508259E~05

1. 976 459E+01

1.668990E+00
6.6539505+00
2.969u89E+00
0.0 0.0

2.113990E+00
5.6569998~03

2.093379E+01

1.535060E+00
0.0 0.0
0.0 0.0
0.0 0.0

2.870060E+00

5.938330E-02
1.321710E+01

2. 418489 E+0
5.535801E400

5. 7869%900E-02
2.870070E+00

9.741586E-02
1.091320E-04

3.767090E+401
5.6 142128+00

1.9S585%E+01
2.9€9060R+00

3. 1880 40E~01
2.550660E-04

2.8€6119E+01

5.9CC3109E+00



450-15

5.051700E+00 9.3565939E+00 6.037€50E-01 1.433580E+01 1.291580E-01
1.092240F~-02 1.935210E+07 4.589510E-02 2.431760E+¢01 3.522350E-02
6.624369F~05
4D /

*5SFP % *CITNXS¢ *5SFp * /

161. 0000 0.C SR /

4 00 05T 1001/

(A R B B V4

1 SR

50 /

3.563750¥F-02 1.371830E~01 3.716339E-01 9.294800E~01 3.085389E+00
0.0 0.0 ¢.0 0.0 0.0

3.680390E~02 1.409680E~01 3.7713608~01 9.283320E-0Y 3.130913E+00
m s

0.0 0.0 C.0 0.0 0.0
0V GEQODST

1 7

7818163117 101122 122151001190 5R
3D s/
0.0 12.482 42,882 57.482 77.912 $8.659 113.899 /

D.0 12.24 30.34 56.06 /

2 3 8RR /

334
50 /

5991.004 £3406.07 57658.88 106365.1 140865.9 12u4564.3 8859.246
93762.25 85263.5 157288.2 208306.6 18u4200.5 12588.94 133235.6
121159.0 223505.7 296002.6 261747.9

0.0 v/

0.0 0.4692 20 0.0 0.4v92 2R y

0.46%2 /

1 8R /

7 6R 3 3R 468 1 3R 258/
D s

{(t*1 2 3R 3 3R 4 3R 5 3R 6 3R) 3R /

(77 8 3R 9 38 10 3R 11 3R 12 3R} 3R /

{13 13 14 3B 15 3R 16 3R 17 3R 18 3R) 4R /

OV NDXSRF
i /

15 4 14 15 8 4
2D s/

{*Q-16 * *XA-23 * *CR~-N * *MN-55 * *FE-N * &kNJ~-N ¥ *MO-N ¥
2TA-181% *4~235 * %{U~238 % *pP-239% *xPU-~240% *p{~24 1% *py~242%
*3SFP * ) 2R / ~

0.0 158

15.8B62 22.786 52.01%1 54,466 55.845 58.705 95.066 179.39 233.025

236.006 236.999 237.990 238.978 240.145 161.0 /

06 558 712 12134/

{14 0 385) 3 7 0 3R /

1234567810 11 12 13 14 15 /

{12 3456789 16 11 12 13 15% 2R /

2345¢€78 07/
1234567840910 31 12 13 4

{12 3456789 10 11 12 13 0 14y 2R /
01234567 078/

{COET)



D /

450-16

266983.6 223505.7 1d7884.9 157288.2 296002.6 208306.6 498851.2

445948.4 s
1.0 0.0 1.C

6R /

55876.42 URr /

10
2 UR
2 4R /
OV ZNATDN
1D 7/
0.0 0
2D/
1.804800E-02
2.078700E-03
2.896199E-04
0.0 14R
8.218598E-03
5. 186498E-04
6. 197200E~-0¢
2.945900E~-03
5.26 1999E~05
9.9999399E-16
4.325500E-04
2. 124799E~0¢
4.,515100F-05
1.134900E-02
8.536398E-03
4.359998F-03
2.024000F-03
0.0 7R
b, 428800E~-02
0.0 7R
8.218598E-03
5. 186498FE~-04
6.197200E-06
2.945900FE~-03
5.26 1999E-05
9.999999E-16
4,325500E~04
2. 124799E-0°¢
4.,515100E~Q5
1. 134900E-02
8.596398E-03

12

I UR 4 4 /

14 1

8.218598E~03
5. 186 498E-04
2.796900E- 05

1. 8048CG0E~-02 /

2.945900E-03
5.261999E-05
9.9994999E~-10
4.325500E-04
2.1240799E-05
4.515100E-05
1. 134900E-0¢
8.596 398E-03
1. 804 800E-02
2.078700E-03
1.8415008- 04
1. 149600E-02
9.999999E~16

8.111998E~ 03

1.8C4800E~-062 /

2-945900E-03
5.2619998-05
9.999993E-16
4.325500E~ 04
2.124799E-05
4.515100E-05
1. 134 900E- 02
B.596 398E-03
1.804800E-02
2.078700E-03
1.843500E-04

2.945%900E~03
5.261999E-05
7.217839E-06

4. 325500E-04
2~ 124799E-05
4.515100E-05
1. 134900E-02
8.596398E~03
1.8CU8C0E~-02
2.078700E-03
1.841500E-04
8.218598E-03
5. 186498E~-QU
6.197200E-06
1.688000E-03
/

4.359998E~-03
2.024000E~03

4.325500E-04
2.1247398~-05
4.515100E~05
1. 134900E-02
8.596358E-03
1. 804800E~-02
2.078700E-03
1.8415C0E~-04
8.218598E~03
5. 186498E-04
6.197200E-06

0V SEARCH
m /
7 2 0 188 /
2D s
1.0 0.0 0.00005 0.001 0.0 68 /
9 0 0 O33R 3 1 2 0 0 8 0
50 /
1 2/
*J-238 * &PU-2U0% %PU-239% /
0.0001 C.0C02 0.0003
1/

{CONT)

4. 325500E- 04
7.179096E~03
5.223998E~04

1.134300E-02
8.596398E-03
1.804800E-02
2.078700E~-03
1.841500E~-04
8.218598E~03
S. 186498E~-04
6.197200E-06
2.945900E~03
5.261999E-05
9.99%9999E~-16
4.428800E-02

1.149600E~-02
9.999999E-16

1.134900E-02
8.596398E-03
1.804800E-02
2.078700E-03
1.841500E~04
8.218598E~03
5.186498E-04
6.197200E~-06
2.945900E-03
5.261999E~05
9.999999E~16

17R /

1. 134900E~02
3.9€0700E- 04

2.078700E-03
1.841500E-04
8.2 18598E-03
S. 1€€L498E~04
6. 197200E-06
2.945900E-03
S. 2€61999E-05
2,999399E- 16
4.325500E-04
2. 124799E-05
4.515100E-05
8. 111998E~03

1.6 88000E-03

2.078700E-03
1.841500E-04
8. 218598E-03
5. 186U9BE-0U
6.197200E-06
2.9U45900E-03
5.261999E-05
9.99999%¢E~16
4.325500E~-04
2. 124793 E-05
4.515100E~05



450~-17

8 2 0O 18r v/

2D 7/

1.01 0.6 <(€.00005 0.001 0.0 6R /
5 0 7 6 3 t 06 ¢ 2 0 0 © 0 18R/

3 /s

1.0 1.0 1.0 1.0 0.0 0.0 /

0.0 0.0 0.5 /

0.0

1D 7/

-10 0 1SR/

STOP

ENDINPUT

Vil

’/



TABLE 450~-2. 1MPUT FOR SAHPLE PROBLEXS I¥ THE SPECIAL
INPUT PROCESSORS FORMAT.

//UIDXYZZ2Z JCB {CHARG,,,99,9000,,1),'ADRES,NAHE COL 38-571,CLASS=Y,
// TYPRUN=HOLD,
// MSGLEVEL={},1)

/¥ROUTE FEIKT LOCAL

//STEP EXEC VENTUREX,
// NB1=1,8B2=1,B1=3520,B4~-15360,N¥=2 ,¥5=50,N81=100,

/7 N2=4 ,N3=13,N4=1, N5=6,N6=10,N7=1,N8=1,N9=2,810=2,N11=2,%12=5,N13=2,
/7 Niu=1,¥i15=10,

// PARM.FGRT='NODECK,NOLIST,ID,0PT=2 NOSOURCE, HOXREF,NONKAES,

// REGION.GO=310K

//FORT.SYSIN DD =

Vi

//LKED.BVDRIVER DD UNMIT=23314,VOLUME=SER=7X2222,DISP=3HR,

/7 DSNARE=TBF.BOLD, VENTURE. DRIVER

//LKED.SYSIN DD =

IRCLUDE BVDRBIVER

Vi

//G0. XXXXXXXX DD UNIT=2314,VOL=SER=Z2X2222,DISP=SHR,

// DSNAME=TBF.BCLD. VENTURE

//G0. FI99FQ001 DD *

VENTURE SANMELE PROBLEM RUN - USING THE SPECIAL INPUT PBCCESSORS.

15000
2 2 6 2 7T 2 2 6 2 1 0
DC MAC R
3
CITATICN MACEOS TC MICROS.
008
3 t 0
1 1 1.077 0.0 0.0
0.0 0. 04375 D.0
1 2 0.8696 0.02864 0.00755 0.8
0.0 UwU 0.0u4295
1 3 0.33up 0.1132 0.1088 1.0
C.0 J.0 0.0
2 1 1.831 0.C13 0.0
0.0 0.0043 0.0
2 2 1.214 0.€08 0.0
G.0 0.0 0.0025
2 3 1.0
0.0 0.0 0.0
3 1 1367 0.0 0.0
0.0 0.020106 0.0
3 2 1.022 C.0029 0.0
0.0 (a0 0.01392
3 3 0.6602 0.00716 0.0
.0 0.0 0.0
0
0.6 Vel 0.0
ENDINPUT
DCRSPR
1 1 1

{CONT)

~13

-12



ZONE
ZONE
ZONE

1
2
3

ENDINPUT
DVENTR

001
0.0

8

3

0.001

0.0
2
004

4 . 170763 8

6
005

013

3
ZONE
020

1
ZONE

2
ZONE

3
ZONE

¢

[

3

3

LV wmd B =a

450-19

0.0 0.4692

4 .17€7963 8 1.4

1.4
0.0 4 5.0 4 10.0 6 25.0

VS ey

1Z0NE 2ZGRE 3

Ta

ENDIRPUT
DU HMACR

3

C

CITATION EBACEOS TO MICKOS.

008
2

1
1

1

0

1.5 0.0012 0. 004
1.2 0.0047 0.063
17 0.0007 £.0004

1?13 0.0063 0.025

{CONT)

5. -4
1.96875-13
5. —15

6.25 - 14



3
0

ENDINPUT
DCRSPR

ZONE1
ZONEZ2
ZONE3
ENDINEOUT
DVENTR
001

0.0

T 1 1
003
14 1 0 0
0.010904¢
o044

Vel
1.2
0.0067
0. 87
a0

a)

ZONE1 ZONE2 Z0NE3

020
1 1
ZOHKE1 1.0
2 2
ZONE2 1.0
3 3
ZOWE3 1.0
0
ENDINEDT

(==

450~-20

0.00052 0.0
¢.008 0.0
10.0
0.09
0 50
T 2 4 1 9
0
5.0



TABLE 450-3 SELECTED PRINTGUT FOR SAMPLE PROBLEMS

=R ERR k& SXBEGINRING BOLD VENTURE RON - DRIVER INPUT EOLIONS

AREKARRERKAIA R4S RKEBOLD VENTORE ROUE — SAMDLE ERCELEMS S k% kb ook dok kK dok

15000 0 0 ] 3 0 0 0 ¢ 0 0 ¢ 1 0 90
1t 6 7 17 1 6 7 3

***STAND-ALONY OPERATION NOT REQUESTED.

FEXRREAKFRTAKR LR KR KXKRXAXACCESSI KG NODULE BURBER 1 - MCDULE NAXE = LASLINPT
0. 032 MINUTEE -~ ELAPSED CIOCK TINE = 1.250 HINUTES

ELAPSED CPU TINE =

HEERREERIRAERERRNNAIAILKRACCESSING MODULE NUMBER 6 ~ MODULE NAME = VENSIGPR
0.044 MIRUTES - RLAPSED CIOCK 1II¥E = 2.001 PINUTES

ELAPSED CPU TINE =

AERX AR KX REXIRORRRRAKKXBRDIXACCESSI NG MODULE RUMBER 7 - MCDULE XAME = VENCALCO
0.869 ®INUTES - ELAPSED CIOCK TIME = 4.938 BINUTES

ELAPSED CPU TIME =

AEERAAKERRKRKRERAAR S XA AR RCCESSING HODULE NDWBER 1 - WCDULE XRAME = IASLIRET
0. 503 SINUTES - ELABSEL CLOCK TIME = S.Eu9 EINUIES

ELAPSED CPU TIME =

AXIHERENRERARRAIALN KL XAQCCESST KRG RODULE HUMBER 7 - MODULE NEKE = VENCALCU
1.079 MINUTES - BLAPSEL CILOCK TINME = 2C.€86 MINUTES

BLAPSED CFU TIME =

ARk KRR BRAAKRR SN KRRKRACCESSING MODOLE NOUMBER 1 - MCDUILE NARE = IASLINET
1. 171 MINUTES - BLAPSEL CIOCK TIME = 21.815 BIRUTES

ELAPSED CPU TIME =

FRARRRARRKE AR AR F A I XMk S KACCESSI NG MOD ULE NUMBER 6 - MCDULE NAME = VENSIGPR
1. 204 RINUTES - BLAPSEL CLOCK TIME = 22,434 RINOIES

ELAPSED CFU TINE =

HRARAORRRR KRR RS IR X XKL X R2CCRSST NG MODULE NUMBEF 7 - MODULF NAME = VENCALCU
1.886 MINOTES - RLAESEL CIOCR TIPE = 32,323 MINUIES

ELAPSED CPU TINE =

AEAKAREBAABARREI KRR AIAKXFACCESSIRG MODULE NUMBER 9 - MCDULE BAME = VENRRATE
1.899 MINUTES -~ ELRPSED CIOCK TINE = 37,463 MINUIES

ELAPSED CPU TIME =

FRRERN IR RRARKRKKRXANORMAL ERD OF BOLD VERTURE RUN

[0} ]

ON

OR

[82 )

ON

OX

ON

0K

ON

F 800088 4¢C i it I T TE R RT 22T YA

IXXX XXX okkkAhmik ik fk Rk kK Rk bk

}S830¢¢¢C L LT YT PR RT TS TR FTTETE Y

TX KX XX DT R Ak A oK ook Kok o ok X OB KK KK

XX XX XXXNHHAoR KRRk ROk Kok KK Rk KXk g

TX XX XK A RdoR R 0k SOk FR RAOR R KR KRR

TX XXX KX R A ok ook kg ok K Bk ok ok Rk ok % %

XA XX XX LY ook otk ook e ok o o0 ok o ok oot ok ok o ) %

KX XX TL XK Sk Aok ke o ook B ook AR K Ak A K

12-04%



1,ISTING OF INTERPACE FPILE GRUPBXS COHPLETED

PERIODIC BOUNDARY IN THETA-R GECMETRY, CASE A4 WITH BLACK RESCSBER

28%20%3 GROUP, 440 POINTS FHRI. + ATCJ.

sk kkkx2xSTART IXECUTING NEUTRONICS CODE BLUCK**¥Gx#ibkix

*x% FLANTING #¥¥ ONIT 13 WILL ¥E REAC BOGT IT ¥AY NCT

*x% FARWING #**% TNIT 14 WILL EF READ BUT IT MAY
*x%x YERNING ***x UHIY 92 WILL EE REAL BUT 1T may

SGLUTIGN BY PINITE~-DIFPERENCE DIFFUSIOR THECEY

SIGBNVALUE PROEBLEN

A REGULAR ADJOIRT ¥ILL POLLOUW PCPWARD FROBLER

GEQOMETRY ¥0. 8 2-T THETA-R

NUMBER OF ENERGY GROUPS

NUHBER OF UPSCATTER GROUPS (MAX}

NUMBER OF DOWNSCATTER GROUPS [HAX)

SGNBRR OF IWTERVALS 1N DIMENSIOK % {(COLUMNS)

HOMBER OF INTERYALS IN DINEXNSIOW 2 [RONSY

KUKBER OF INTERYALS INM DINENSION 3 {PLANES)

¥OMBER OF ZOXFS

¥UMBER OF REGIORS

NUMBER OF BLACK ABSQRBRER ZONES

BOU¥DARY INLICATCES- LEZFT 3 RIGHT
0Pt BLTI08 2

w

MENORY REQUIREMENTS ¥OF DATA STORAGE

HCT RAVE EEEN WRTITEN

¥CT HAVE EFEN WRITTER

-2 NN
. TR I SN AN

%0TAl
LES B6.1401
STORAGR AVAILARLY €060
MACRO CALCULATION 187
POUATION CONSTAWTS CALCULATION
COR® CONTAINED OR SPACE STORED 2908
PLANE STORED 38¢€8
ROW STORED Gl
RULTI-LEYEL PLANE STORED 6344
INITIAL FLUX 1733
INI'TIAL CYBRRELAXATION PARANETIRS u46
ITBRATIVE PROCESE
CCRE CCRTAINEL 14693
SPACE STORED £830C
3 PLANES STORED 875C
9 PLAYME STORED 87%0
20 ROWS STORED 6490
1 RO®W STOREL 1026
1 MOLTI-LEYRL PLANBS STOEED 11946
EERTURBATION CALCTLATION 1453
0ATA FILL BE STORED POR ALL GROUGES, ALL SPacE
HEMORY LOCATIONS RESERYED PO& DATA STIFAGE--- 15600
43 REAORY LOCATICHS FEQUIREL ¥OR URIS PROB-- 14693
BE¥ORY LOCATIONS HOY? USED-——-=——-=s-=—~==m=-= 307

¥AXI MUK

29¢{8
36¢€8

ELL
434y
17123

KAVE FEEN WRITTEN

A

11652
S84
TTen
7724
5L 64

0
2880

987
a87
987
987
987
987
987

@]

90
39
39
39
39
39
39

27--05Y



A FLUX - EIGENVALOL PROBLEE FOLLCHYS

THNERS HMIN, & IENERS BARX - CHEBYCHEY BETA O§ CUTERS
2,3, u-¥ORMAL ,CUHEBYSHEY, SEREY, CEARL,SEREXF. ICYR=0,1-YES, HC INNERS CUOHVR.
¢C ICYE OCvR ELUX CHANCE EU-ERR Bu-1i EU-1LSS ACCELEEATION
Y 1 1 1.111858 €4 ¢.8 0.0 .t C.0
¢ 9 1 4,57657¢0 €1 0,26916 49.88192 {0.({0Ez4 0.36829
0 1 B 2.28547¢ €0 0. 46C1C 2.3u562 -C.4174¢C G.46810
¢ 0 1 B.365450-01 0.50348 1.20529% 0.74238 1.15759
] 0 ] 4,035281-01 0.62640 0.88418 -0, 27038 -4,65745
4] 2 4 2.29334L-C1% 0.60738 08.79674 C,ET3E6 1.37122
4 g ¢ 1.618210-01Y 0.74465 0.96559% C,74574 -0.49570
0 ] ¢ 1,17395£~-¢1 0.75268 G.B4288 (.Sk844 3.28997
0 9 G B.69035T-C2 0.75348 G.82717  C.Be3C3 6.30109
4 Y ¢ 6.616170-02 0,773%4 0.8274% C.R1234 ~7.297¢%8
g 4 |4} 5.13342r-102 6.78393 0.82723 (.£0287 9.2714%
¢ 4 4 4.0534350~-C2 0.78267 0.82624 C€.797%83 15.37752
2 0 ¥} B.75Tu4r~02 0.73756 0.82181 O0.794%1 1.7473¢6
0 0 g 1.598201-C3 0.0 0.0 .t G.0
¢ 3 0 1.242948-03 6.82965 €.77839% (,535%% 6. 048515
9 ¢ 0 -8.03728r-04 0.62334 0.66376 (.°€438 1.63755
9 I 4 ~-5.182510~C4 G.6413€¢ O0.€4425 <C€.€3023 1.39114
¢ g 0 -3.595310-G4 0.56821% 0.69338 §.€5(E% -§,29957
a o] 3 -2.55561L-C4 0.6980C 0,71056 (.30959 3.48292
y 0 0 ~1,843080~C4 0.71135 0.72296 C.7412¢ 7.71933
[ 0 & -1.3%933r0=-Cit 0.72715 0.7358C (Q.774EE Z8.04617
0 0 0 ~1.0 15850~ C 0.74614 0.7469% C.£044% 8.9787¢
0 Q 0 ~-7.695850-05 G.7551% 0.75773  0.£31E% 36.62278
o] i} 8 ~5.90265t-05% 0.76523 0.76692 (.855€¢€ 7.84135
C 0 0 -4.5¢0180-0% Q.7Tu6€  0.77232 C€L€7623 15.91920
z ¢ ¢ ~9.0969%80~05 0.78039 0,779%95 0.€9415 1.85788
[t} 1 0 ~3.433881-C6 0.0 Ga 0 €.C 0.0
0 0 0 -2.,520425~C6 G.75111 0.73399% C.E68CY 0.0923%

PIN¥&L CALCULATEL KEFEECTIVE 0. €119765

BULTIPLICATIOR FELIBEILITY ESTIMRATICRS

BY THE SUX OF THE SQUARES OF THE EESIDUES—--e—cmmrcrcme e e e ——e J.61187¢3

UPPER ART LOWEF EOUNLS FSTIMATES EY MAX REL FLIX CHANGE-=-e-ec----- 0.6119781

UPPER RNT LOWERK BOUNDS FSTIMATES CVER ALL SIGRIFICANT BCINTS---—m——-— 0.6119865

FINAL GRCUE CYEREELAXATION CCEPRYCIENIS AND MUMBER COF TENEE ITERATIONS

1.60083F GO 1.6060832 0C 1.8331¢E O
EE
CP AND CLOCK MIBITES PEQUIRED PCOR THIS EIGENWALUE PROBIB® AFRE  0.210 0540

LEAXRGE  3.17834F 099 207AL ICSS®S 1.73671F 11 TOTAl PFECOCUCIIONS 1,06283%

BOUNTDARY HEUTRCYH LEAKRGE

GREP LFT LERKABE RIT LEAKAGE TCP LERAYAGE BOT LFARKAGE FNT LERRAGE BAX LEAKAGE
1 =2,3Z807D 08 2.32807C 08 fH.C €.€2186Dp €8 ¢.0 0.¢

2 —1.215430 08  1,.21548n 08 0.¢ t.12112n 9% 8,0 2.0

3 =1.37647C 08 1.376LTD 0F 0.0 1.45503p ¢9 .0 3.0C
SOR -%,92002% C8 4.92002F D& 0.¢C 3.17834F 09 0.0 0.0

GROUP WEOTRCH EBBRLANCE PO EACH BCONE

ZOKFE GRP ABSCRPIIONS B*%2 [O05SES /¥ LOSS QUT~SCATTER  IW-SCATTER P11 IW-§
1 17 0.0 3.541€6F €9 0,0 9, 245%C8 16 (.G 0.0
1 2 6,28662% 10 1.896878 €3 0.C 3.36774% 10 9,24590F 10 0.3

PARANRIERS
9.0
0.0
0.07637
-3.86073
2.39872
0.11571
1.34467
=0, 17417
~2.306093
7.65313
-4,17446
~9.69125
6.0
0.0
9.08762
3.63191
0.11708
4.80603S
~0.75952
-3.50580

-17.068681

~4.24545

-23,3895¢8

-3.31761
-9, 16658
0.0
0.0
0.88723

0.6113750
G.6119692

11 RFACTOR POHER({WATTS)

SOURCE
1.0842083E
6.94685F

11
10

K-USED
1. 0080000
0.6117370
G.,5981128
0.5996553
0.6C36770
0. 6058786
0.60672123
0.6082762
0.609G893
0. 6097103
0. 61018485
0. 8105658
0.6108807
0.6120140
0.611999%
2.6119243
0.6119893
G.6119B60
0.6119837
G.6119821
¢.6113868
0.6118793
0.61197391
0.6119786
0.5119781
0.6119778
0.5119765
0. 6119765

PUREB{¥ATTS)
3.9
1. T4487E-01

GC¥R=0,1~185,%0 CUTRRS CONVK.

¥~CALC
0.6117370
0.5981128
0.5996553
8. 6036770
4.5058796
0.6072123
0.6082762
9.6090899
0.6097103
0.6104905
0.6105658
¢.6108607
0.6110931
0.6119999
¢. 6119343
$.6119893
0.6119860
6.6119837
6.6119821
§.6119808
0.6119799
8.6119791
0. 6119786
0.6119781
£.6113778
0.6119775
0.6119765
0,6113765

1.00000D 00

AVERAGE PLUX
6.75735E 08¢
€.57870F 68

£2~08%



1 3 9.38480F 10 2.762178 {8 0.0

soM 1.55%14F 11 5.714842 (¢ £.¢€

2 1 3.91166F 08 5.509462 (7 (.C

2 2 2.%0769F 08 3.80541R €7 0.0

2 3 1.05904% 09 0.0 0.¢C

SUM 1.70C98% 09 9.31488E (7 0.0

3 7 0.0 4.450608 ¢ 0.0

3 2 1.48B017% 09 5.21633% (& Q.

32 3 4,232C7% 09 3.90225% (& 0.0

Sgm 5.771224F 09 1.35762F (9 0.9
CVERALL KEUTRON EALANCE

GRP ABSORPTIONS B%*2 I10SSES /7 LG5S

1 3.,91168% 08 U4.04281F (¢ 0.0

2 €.4197%F ¢ 2.4563€ (9 0. C

3 9.873%1% 10 6.664428 08 0.0

su% 1.63327F 17 7.165€0% €9 0.C

ZONE VOLUMES POLIOW. TOTAL YCLUME 7.6%688E (3

3.12534F 03 S.55088E 07 U4.S1£03% 03
THE MAXINUM BOYEFR DENSITY IS5 AT PLAWE 1, ROYW
THE MAXTEUM NRETUTIRON DENSITY IS AT FLANE 1, RCH
ZLAPSED C2U ANT CLOCK MINUTES 4RE 0Q.264 2.39%

0.0
1.66136E
1.29$387%E
7.83652zF

0.0
2.07752¢

6.57832%
7.10482%
0.0

1. 3583178

11

{8
c7

{8

c9
c9

10

OUT~-SCATTER

9.91657%
1.00861E
0.0

2.0082792

1, AND CCLIMME 2%

10
11

71

9.36774%
1.856136F

¢.0

1.29387E
7.83652E
2.07752%

c.C

£.57832E
7.70482E
1.368317E

10
11

08
o7
08

09
09

kLY

IN-SCATTER

t.C

5.51667%
1.0086 1%
2.50027%

1, AND COIUNX 27

AND IS

RND

o0

)

OO

is

D)

[ R

QOO0

¥-SCATTER

5.20035080D~04

2.67765488D 09

SO URCE
1.04203E 11
6.94685E€ 10
3.0
1.73671E 11

8.25513E-01
1.00000E 00

POHER(WATIS)
0.0
1.744B7E-01
8.25513E~01
1.00000& 00

®ATTS/CC.

HEGTRONS/CC.

2.641%36%

€.420758
5.64705E
0.0

7.22549E
1.13021E
1.30883E

[+3:}

(]
08

07
08
08

©T-0S%



ADJOINT PROBLEE FOLLORS
& INNEBRS MAX - CHEBYCHEY
PROC=0,1,2, 3, 4~NORMAL ,CREBYISHEY, SEREX, DEMEX, SENERF,
OCYE

ITER

21

MOLTIPLICATION RELIABILITY RSTIMATICRS

BY THE SUM OF THY SQUARES OF THE RESIDUES
UPPER AND LOWER BOUNDS ESTIMATES EY MAT REL FLUX CHANGE
UPPER ANL LOWER EQUNLS ESTINATES C¥ER ALL SIGNIFICANT PCINTS

4 TRNERS XIN,

PRCC ICVE

COCTITQUWALDAIDWDODOACHADOQ
QOODAV BT ODAOODDD b b

OO w O UDODAADDIODDGC o a

FLUX CHZRNGE
1.00698c €2
6.89702r 01
3.5%923¢ €0
2.794760-01
1.052961-01
~9.165610~02
-5.289081-02
~3.77056C~C2
~2.88417L-€2
-1.066775-C1
-3.094971~C4
7.118420-04
-6.743660-04
~5.694080~-04
-2.445631-03
-2.53359p-(5
-3.98985¢-(5
-2.42238c-05
-1.579441-C5
~1.13196£-05
-8,9€725L-C6

¥0-BAB
0.0
2.04735
0.24C0¢
0.10253
0.48%47
0.87637
0.57802
0.70711
0.76035
8.76921
0.0
2.46468
0.96678
0.84255
0.8154¢8
0.0
1.648023
0.59307
G.6466€
0.70679
0.78754

BETA OGN CDIERS

nu-1
0.¢
€9.65509
3.65141
0.35713
0.4E20¢€
0.84955
0.52417
0.675139
0.73608
0.74984
0.0
3.01168
1.0732¢
0.84379
0.8%1464
0.0
1.57874
0.60711
0.6%2€1
0.71668
0.7%218

BU-1CSS
c.¢
-0.00%¢€8
23.35185
€. 10914
C.(4993
€.58158
C.€7851
0.€698¢€8
C.7626¢
0.78672
€.¢
-Z.242€0
-€.00145
€.S071S
C.€5227
¢.C
€.%1736
0.39768
€.77361
0.79%5¢
C.€8313

ICVE=0,1-YE5,NC INNERS CONVR.

ACCELERATION
0.0
-1.006€H
-0.62578
0.28357
-0.10450
13.02532
1.13383
1.20800
4.88816
k,23234
0.0
0.00318
44,50342
5.63744
5.44210
0.0
0.03424
1.8027%S
1.58063
16.209¢€8
-24,70450

0.6113764
0.6119820
0.6120046

FINAL GRCUP OVERRELAXATION COERFICIERTS RNL NUMBER OF INNEER ITERATIONS

1.68399F 00

4 &

CPU AND CLOCK MINODTES REQUIRED FPCF THIS EIGERYALUE FECBLFM AFE

TOTAL

8

CPU TIME IS

1.622828 00

1.60C0C0E 00

0.423 MINUTES ARD TOTAL CLOCK TIME 1§

€. 159

0.46€

2.874 BINUTES

OC¥R=0,1-YES,NC QUIERS CONVE.
PARAMETERS
0.0
-C.598C¢
-1.39888
-0.048060
0.06201
~0.70374
0.70582
0.4839¢
~0.993251
-0.44137
0.9
0.03143
0.86102
-1.31169
-1.17277
0.0
0.09447
0.15154
0. 12848
-7.40489
14.55037

0.6113710
0.61158733

SZ-05Y



*¥%xCARD INPUT USED TO CRERTN VYERSICN

0.0 0 3 3 1

20 /
1.0 0.0 23
0,0 1.0 t.0
4.0 0.9 1.0
sTop

**¥x¥ NOEMAL END CFf STANDART FILE CARD I NPUT**kx

1 OF FIIF ZNATDY ON UXNTIIT

T4 *xx

*k%x PARNING **% [HIT 10 WILL EF REAL BUT IT MAY NCT HAYE EEEM WRITTEM

3-0 {X,Y,2) BUCRLING SEARCH {CLT WHIRIAWAY CaA

SF) - 9

RUMNING IN THF PLANE STORED MCDE ~ 4 ELAXES STCEYD

49X5%Z

wkokx Ak kX RSTART

EXECUTING

SEUTROKICS CCDE BLOCE**kkkkkx k%

¥kx WARNING

*xx HARNING

**% UNIT 13

*x¥ UNIT 14

WILY

4111

Ef REAT BUTY

EE REAT BUT

iT

e
i

IT

MBEY RCT HAVE

MAY ¥IT KHAVE

¥AY NCT HBh9E

EEEN WRITTEN

fEEN MRITTEN

EZEN WRIGTEN

*¥% FARNING ***%x UNTT % %¥ILL EE REAL BUX

*xk MARNTING *x% GNTT 12 WILY EF REAT

SOLUTION EY FINITE~-TIFPERENCE CTIFFUSION
CIRBECT BOCKLIWG SEARCH PROBTEIN

BUT IT MAY NCT HAYE EEEN

THEORY

A4 REGULAR ATJOINT WILL FCLLOW FORYMRD PROBLEN

PERTURBATION PESULTS ARE REBQUESTYET

GEOBETRY KD, 14 3-C XI~-Y-2

NUMBER OF ENERGY GROTPS

HUKBEIR CF UPSTATTER GROUPS {MiX)

NUNBER CF DOWXSCAITER GROUPS [MAZ}

KIMBFR OF TXTERYELS 1IN DYMENSION 1 (COLU

FUMEEH OF INTERYALS IN LIBRNSICHN 2 {B3YS

KUMBER OF INTFRYLLS IM DIMENSTION 3 [PLay

NUMBER OF ZONES

NUMBFR OF REGIOUWE

BGKBER OF BIACK ABSCKBES ZONES

BOUNDARY INDICAZCRS—- LEFY 5 FIGHI

TOP 0 BCTION

FRONT O REAR

[ gNr )

STORAGE AVAILAZLE
K4CA0 CALCULATIOH
EQUATIOYH CONSTANTS LALCULATICH
CORFE CCNTAINED OR SBACE STORED
PTANE STOFED
ACH STCREEL
MULTI-LEYEL PLAWE SICREL
INITTIAL FInX
INITIAL CYERRFLARATION PARAMETIERS
ITERATIVE PROCESS
CNE® CONTAINED

2
C
NN q
) ]
£5) 5
3
3
<

KEMCORY REQUIREMEXTS FfOFR

TOTAL
MININEM  HAXIND
2300
181
2678 284¢
1148 1310
492 Buy
1220 1382
397 721
249
11139

¥RITTEN

TATA STOHAGE

a

8442

uu7

5%

2196

TAED
CARL
CRRD
CARD
CARD
CARD

86
87
88
39
90
91

9z-0SY



SPACE STOREy 5822 54356 au7 Kk

4 PLANES STORED 4932 44 46 447 39
1 PLRNE STORED 1962 w78 4u7 i3
3 ROWS STORED 1€C2 1116 447 39
1 ROW STORED 486 0 847 35
3 MULTI-L¥YEL PLANES STOFRED Hye2 486 ay7 39
PRETURBATION CRLCULATION 830
DATR WILL BE STCRED PFOR 1 GRoOUP, 4 ELANES
MEMORY LCCATIORS RESERYEE POR DATA STORAGE--- 500¢
HAX MEHORY LOCATIONS REQUIREL PCF TRI3 PRCB-- 4832
KEBGRY LOCATIOBRS WOT USED=~w~=m=o- e e e 6¢&
DD PARAMETRRS POLLO® FOR BY = 3520 ARD B2 = 10368
R2= 3 N3= 13 ¥WG4= 1 Ki= 3 N&= 10 H7= T Wgs t Kg= 2 K10= 2 Nit= 3 NiZ=
REQUIRED DISK SICRAGE SPACE FOR FILUX({UBITS 24,27,28) IS 13560 BYTES.
FCR CCNSTANTS [ONIT 40) IS~ 311C4 EYTES.
FOR CONSTANTS {ONIT 23} IS-- 45760 BYTES,
REQUIKED TOTAL DISK SIORAGE SPACE IS~-—w—wr—-—ee-ee-~-o- €63264C BYTES.

THE REGION SIZE FOR SHKALL PRCOBLENS IN THE ALLI~STCRED HODE IS AFEROXIMATELY 220% BYTES.
THE REGION SIZR FOR TARGE PRCBLEES IK THE ELXNE-STOREL BOLE IS5 REPROXIRATELY 350K BYTES.

DIRECT ACCESS DATASET RECUIFEMENIS

BAX IMO® PRYSICRL RECORD IS 7200 WOERDS

URIT NUBBER COF IOGICAI RECORD PHYSICAL REC NUNBER OF PHYSICAL RECORD
NOMBER LOGICAL RECORDS LENGTHE (WOKDS) LOGICRAL REC PHYSICAL RECORDS LENGTIHR {WORLS)

23 90 a2 3 S¢ 84

24 10 162 1 16 164

27 : 10 162 1 1¢ 164

28 10 162 1 1¢ 164

25 30 18 1 9¢ 20

26 90 18 1 90 20

L14) 10 666 1 10 668

STORAGE POR MACRO CALCULATION
SUPPLIED 5000
REQUIRED 182

#%% RARNING **% RUCLIDE NAWES OR CILASSES ON RDXSEF AND CRUFRS L[C HCT COMPARE

CROSS SECTION UNIQUE ABSOLUTE C1ass
ORDER NO. EDXSRP GROTLS HDXSHE GEFUEXLS NLXSREF GRUDPXS
1 2Z0HEY ROT BQ 2CHEY OR  ZO¥ED NCT EQ ¢33 0 NCT EQ g
2 20XE2 ¥OT BL  ZCNF2 OR ZCRE2 HCT EQ OF 0 RNCT EQ 9
3 ZCRE3 NOT BEG RCYE3 OR 2ZORE3 ¥CT EG o ¢ NCT EQ g

3 NUCLILRES HAVE ERRCRS

PRINCYPAL MACROSCOPIC CROSS SECTICHS

GROUP 1

ZONE D SIGA SIG 8P SIGWF sIsas SIGWFS
1 1.500001% 00 1. 200000%~-02 3.9999978-03 S5.,0CC0C0E-14 C€.0 0.0
2 1.7080018 00 6.9%99%78-0# 3.999998E-0H4 4.99G993%-15 Q.0 0.0
3 1.200000F G0 5. 139938:-34 0.0 .0 .0 0.0

GROUP 2

[ Rt oo }

3310

5

K33=

2

¥14=

1

R15=

16

R

LZ~08%



20NE D SIGA SIGNF SIGHF SIGAS SIGNFS

T 1.200000F 00 £.6999982-03 6,2%9996BE-02 9.G68750F-%3 3.0 0.0
2 1.%29999E 00 5.2999963-03 2.499999F-02 6.249997F-14 2,0 0.0
3 B.700005%-01 7.999998%F-03 (.D 6.0 £.0 0.9

ISSION SPECTRUM COMNSTARY FOR ALI 20NZS
1.0000008 00 0.0

1/¥Y CONSTANT POR ALL 20MES
1.000000F 00 1.000000F 00

ZONE YOLUNRS
2.16C0C0% 03  2.760000E 03 2.u43CO00F 03

SCATTERINRG MACROSCOFIC CRCSS SECTICHS

GROUP 7 MEBANT 1 833 1
190
0.0 0.0 . C
GROUP 2 KBAWD 2 By 1
TPD
0.0 3.299999E-¢3 0.0 5.199%99E-03 (.¢ 5.€999688-03
SCATTERIKG 3FMCYRL
GROUP 1
3.299999D-03  5.199999D-03 €.€9€99835~03
GRODDP 2
0.0 0.0 0. ¢

FINE MESH DESCRIPTION — POINT IS ICCATED AT THY CENTRCIL C¥ TEE YOLUME ELEMENT
DISTANCE TO POTINT - LIMENSION 1 {LEPT TO RIGHT)

1 1,38600 2 3.0000 3 5. 8000 ! 7.4800C S 1¢.00090 6 14.0000 7 17.50090 & 20.5000
9 23.5000

DISTANCY 90 EOUNLARY
1 0.0 2 2.0000 3 4. 0000 4 6.0000 < 8.40C0 6 12.C000 7 16.0000 8  19.0000

9 22.0000 10 25.00C0
DISTANCE 10 POINT - DINENSION 2 [9CP 2¢C BOTTOHY

1 1.0000 2 3.0000 K 5. {000 Ll 7.€00C € 9.0000 6  11.0000 7 13.0000 8 15.0000
3 17.0000

DISTANCE TO BOUMLARY
1 0.0 2 2,0000 3 4. 0000 4 6.0000 = 8. 0000 5 10.0000 7 12.0CC0 8 14.0000
9 18.0000 10 98.¢C000

DISTANCE TO POINT - TIMENSION 3 {FRONT 10 REAR)
1 1.5000 2 4.50¢0 3 7.5000 4 10.5000 £ 13.5000

CISTANCE TO BOUMLARY
9 0.0 2 3.0000 3 6. 0900 [} 9.0000 S 1z.00¢C0 6 15.000¢

SEARCH LTI®ITING FACTORS = S5P71 = =1,275%1158 €0 SF2 = -5.561301%f 61 SA = 8.287418E-02 SHF = 0.0

FEFEREXCF ZONF FCR INITIALIZ2TIOX SILL BE 1

SUM OF BEGION YCIUMES FRCM GEONST 6.7500C0LC C3

SUM OF REGION VOIUMES COMPUTED PFCE POINT YOIUHES 6.7500C0C 03

SUM CF ZCKRY YOLUX¥S (FRCM COMPUTEL REG ION YOLUMES) £,7500(Cf €3

SUM OF ZONR YCLUFES FROM NDISRY €.7500L0T €3

INITIAL FLUX IS CONSTANT

ENERGY DEPENDENT CYEREELAXATION COFPFICIENTS CALCULATED

SPACE POINT AT COLUKN = Z ROY = 8 PLANY = 3 ZO¥E = 1

XK= 1 FK = 5.€87511E-01 T1 = 2.225G29E 41 7T 2.2000{0F U1 NREC = 26

K= 2 FR = ¢.880189E-01 TL = 1. 78 13482E Tt Tn 1.7599¢%9% {3 MREC = LA

RFOMIN = 8.70¢S83E~C1 QF = €.558495E-01 KRHCMAYX = B.71643€E8-01

87-06%



A FLUX - EIGERVALUE PROB
¥ IRWERS MIN,
ITER

PRCC IC¥E OCVYR

-

=3
SOOI OCOOOOOTIDALWOROOAST
DOT AV OTTOADIODO D
[~ R I RN+ N ¥ P e RN L W Y v I N = N I . P I R N N - T )

PIRAL CALCULATED KEFFECT

LEE FOLLCWES

FLDX CHANGE

1.88527¢ (2

6.93373r¢ €0
-6.87272C~C1
~5,938910~0%
-4.622211-01
-4.39348L~C1
-4.,23539p-01
-1.6936%r 00
~§,248770-C1
~4.987500-C1
~4.44816T-C1
-4.,23087p-01
-8,18733£-01
-4,182181-01
-3.33978-01
-2.609646C-01
~2.22092p~-01
-1.89370r~C1
-1.6(088C~C1
-1.17409p-¢1
-8.485490-02
-5.5%081r-C2

3,197u0p-€2

2.45483C-C2
-7.7C180L-C3
-2.713240-0C3

6.16355E-C4

3.8E82BE~-CH

8,07635r-CS
-1.819151~05
-7.815131=-06

IvE

% TWRERS ¥AY - CHEBYCHE®
PROC=0,1,2,3,4-NCRNAL,CHEBYSHEY SEREX, DEMERX,SEREXF,

MO-BAR
0.0
0.04751
0.13168
0.27024
0.63278
0.66182
0.6778%
0.68942
0.0
0.u45147
0.80177

BETA C¥ GUTERS

no-1

0.0

6.97051
0.03887
0.27¢24
0.31607
0.51117
0.54048
0.58832
0.0

0.45147
C.uh€E6

0.C960000
SULTIPLICATION FELIABILITY ESTINATIORS
8Y TRE SUM OF THE SQUARES OF TRE RESIDERES

0.33712
0.41534
0.7530¢%
3.26820
0.52041
0.85848
0.7380S
0.71563
0.7260C
0.62105
0.6029¢
2.1636¢
0.61966
5.34797
0.376232
0.2244¢S
0.328G¢%
0.2749¢
0.33527
0.8336%

D.52892
0.571086
0.5€8041
0. 46460
0.52041
0.€2€97
0.6632%
0.68528
0.€180¢
0.63542
0.6029¢
8.75674
0.79231
D.4784¢
0.34957
0428314
0.5656¢%
0.23187
0.54151
0.4296¢

pU-1CSS
C.C
-C.89CH2
¢.38399
C.25468
¢.€1720
C.66538
0.6689%38
€.703¢C1
c.C
0.639%8
C.68087
0.714€%
0.735€2358
€.77820
C.€61958
C.£€8378
C.74389
£.76217
0.75996
C.695C8
C.£9087
C.€04€U
(.38274
0.051¢€8
C.36088
€.15%581
~0. 10719
G.1859¢€8
-1.127¢2
C.€349¢8
€.38751%

UPPER AND LOWER EOURDS ESTIMATES EY MAX REL FLUX CHABGE--~wme-ce<ca-s
UPPER AND LOWER BOUNDS ESTIMATIRS CVER ALL SIGNIFICANT PCINIS-w-w---

ICVER=0,1-YES,NO INNERS CONVR.
ACCELERATION PRRAMETERS

0.0 0.0
0.0u988 0.0
0.05430 0.00422
0.51089 -0.01556
7.64134 -0,80477
2.02354 ~0.04084
4.02775 -1.21016
5,07283 -1.34418
0.0 0.0
1.41250 -0.350136
-0.39578 0.72448
0.27%44 0.61432
0. 48340 ¢.06749
-2.65551% 1.00082
-1.32940 0.76825
~-1.72126 ~-1.9393¢
2.15278 0, 737840
2.51652 0.69773
2.97643 -0.36851
1.69480 0.65836
-0.57686 2.22473
1.86016 -0.22222
-0.95028 1.60649
~4.1871% -4,11337
0.97153 -0.46514
0.50196 0.03369
-0.48483 0.36218
0.14737 0.06617
0.24613 0.04708
0.06959 0.10957
2.72263 -0.55901
8.09C0000
0. 0800007 0.089%993
0.0%00009 0.0893985

PINAL GRCUP CY¥RRBRLAXATION CCEFPICIENZS ANLC NUBBER OF INNEF 1TERATIONS

1.23448F 09
4 u

1.2213928

CPU AND CIDCYK ¥IXUTES REQUIREC FOR TBIS EIGENVALUE PROBLEM AFE

LEAKAGRE 1.83970F 13

BUCKLIRGS WERE MOULTIPLIED BY -9.99986098-01,

BOUNDARY NEUTROF¥ LEAKAGE

00

TOTAL ICSSES

1.478B8E 13

GRP LFT LEARAGE RIT LEAKAGE

1 0.0 2,99385p 11
2 0.0 %.54990p 10
sUM 0.9 3.44884% 11

GROUP NEUTRCHN BRALANCE POR BACH

TCF LEAKAGE
2.59557¢ 12
1.449u43T 11
2.740528 12

ZONE

BOT IEAKBGE
g.¢C
6. ¢

0.0

TOTAL EFOLUCTIONS

FRT LERKAGE
7.2809C0 12
4.04%2urp 11

7.65582F 12

0.328

8.039

1.33100E

BAK LERKAGE
7.2503CD 1z
4,04924D 11

7.65582E 12

12 REACTOE POWER([WATTS)

FRACTION LCSS TC SEARCH PARAMETER -(.2660146

OCV¥R=0,1-Y2S5,8C CUTERS CORVE.

R SEARCH FACTCE S.P.-CALC
0.0392553 C.0 0.0
0.0473716 0.0 -2.93226D 00
0.0510834 -1.02009Dp-C1 -2.68403D 00
0.0534178 -1.,93817D-01 -2.54868D (O
0.0547367 -2.76444D-01 -2,50470TC 00
0.0558181 -3.508080~C1 -2.47718D 00
0.0567724 -4.17736D-01 -2,45634L GO0
0.0576390 -4.779710-01 -2.43883D 00
0.0595500 -5.863950-01 -2.38318D 00
0.0610089 -7.59872p-01 -2.41973D 00
0.0643751 -9.68045p~01 -2,37357D 0C
0.0656083 -1.02009D0 GC ~2.33919D Q0
0.0657149 -1.02009D 00 -2.33175¢ 00
0,06572%53 -1.02009D 0C -2.33080D GO
0.0716560 -1.33887p € -2.260680 00
0.0736800 ~-1,40581D €8 -2.21003¢ 00
0.0754211 -1.4761¢CD €0 -2.18092D 00
0.0771823 -1.54980D CC -2.157760 €O
0.0791058 ~1.62740D 00 -2.13361T Q0
0.0812920 -1.70877D €0 -2.10459p €0
0.0836162 -1.79420D 00 -2.07764D 00
0.0861498 -1.88391D 00 -2.05061p 00
0.0849513 -1.97816p 6C -2.62230D 00
0.0904486 -2.02230D 00 -2.00382D 00
0.0900960 -2.00382D 00 =-1.,9%9810 0C
0.0900037 -1.99981Dp €C -1.99968D GQ
0.0899932 -1.99968D 00 -1.99996T 00
$.0839988 -1.993%960 €8 ~2.00801D 00
0.90%00003 -2.00001Dp 00 -2.00000D 0¢
0.0900002 -2.00000D0 00 =1.939%9¢ 00
0.0900000 -1,89999D 00 -1.99999D 0¢

1.00000D 01

62-05Y



ZOKE GR? ABSOHEPTIONS B**2 10SSES /9 LOES OUyT~-SCATTER IX¥=-SCATTER T

1 1 1.82956% 1Y -2.49377E 12 0. 5,03129E 11 <¢.¢

1 2 8,116861%2 10 -1.78518F 41 0.9 0.0 5.031298 11
SUH 2.26%232 17 -2.808%38% 12 (U. 5.03129% 11 5.437129% 14

2 1 #,309258 10 -1.083174E 42 C. 90 2.97833E 11 0.4

2 2 3.890192F 30 -7.29733% 10 0.4 0.6 2.978337 19
st 7.699378 10 -1.13394F 12 0. ¢ 2.97833% 11 2.97833F 11

3 T 6.7739%8 09 -1.704868 11 0.0 B.72797F 30 (.0

3 2 1.795512 10 -2,.92924F 10 0.0 2.0 €.327978 1¢
sy 2.872912 10 -1,9197%%2 11 0. ¢ 8.72797E 10 £.72797E 3¢

CVERALL NEUTRON EALBNCE

GRP  ADSOWPTIONS E**) [0SSES /¥ LOSS OUT-SCATTER TIN-SCATITER P
9 2.29823F 91 -3.72597% 12 0.% B8.88241%F 11 0.0
2 9.60228F 10 -2.080758 1t 0.9 0.0 8.88251E 11
SUN 3.258458 171 ~-3.934Us62 12 0.4 B.EE2HIE 11 8.8R241E 11

ZOHZ AYERAGE PLUXES 3Y GIOUP

GROT? i

7.058%82 10 2.651658 16 5.36{232 0§
GROUP 2

B.0S69TF 09 2.711728 09  G.23£1E% Q€

ZOHE YOLYUMES POLLO¥. TOTAL YCIUNE 6.75000F 03
2, 16000F 03  2.15000E 03 2.83CLLE 92

YOHE AYBRAGY PLUX IMTERFACE PILE RYPLUX HAS EZEN WRITTEY CH CLL UNIT NUXBER

BUCKIINGS CRLCUY2ATED ALONG PIANE 2  FOLLOHW

ZONE BUCKLINGS FOR GROUP 1
8,28806E~02 4.20806E~-02 4.24806E-02

ZOHE BUCKLINGS $CR GRHOUP 2
A, 284062-02  8.284597E~02 4.24406E-02

ZOHE ATERAGE BUCKLINGS FOR EACE SROUP
B,256068-02 4,24308E-C2

ZOHE AYESAGY DIFFUSION CORFPICIBHTS FO5 EACH SROUP
1. 533888 00 1.13175% €O

GROSS BUCKLING 4.28406E-02

BUCKLINGS CALCULATED ALONG PIANE 4 FOLLCH

2088 BUCELIHGS
%, 244078-02

FCR GROUP 1
4,208078-02  4.244078-02
F{R GROUE 2
b,2858078-02

ZO%E BUCRKLIARGS
§.248088-02 G.284C7B-02

ZOWE ATRHAGE BUCKLINGS FOR 2ACH &ROUP
$.284072-02 4.234072-02

Z08E AYREAGE DIFFUSION CUSPPICIZHTS P0R EACH GROLP
1.53388F 07 1.1317%8 00

IN-SCATTER

19

SOBRCE
1.29073F 13
0.0
1.29073F 123

1. 8819597 12
0.0
1.86159E 12

0.
C.
0

.

Do

SOURCE
1. 478B88E 13
c.0o
1.47888% 13

POHER [¥ATTS)
7.62316E 00
1.724388 00
9.3475u% £0

2.86378%-071
3.560835-03%
6.52069E-01

SO O

Sy

POWEF {MATTS)
7.9C9%4E ¢C
2.03045E 00
1.0C000F 01

AVERAGE FLUX

7.058485%
$.05497%2

[SE N
.
~! o
-
-tk
~ o
N v
o b

S.36(83%
F.23618E

1¢
09

¢
0%

0s
08

0£-0¢y



THE MAXIRUX NEOUTROW DEYSITY IS AT ELASE 3, BCW 9, AND COIUEN 1 aN©c IS  2,05613387D 11 HEUTRCNS/CC.
BOINT PCMEE BISTRIEUTION [H2TES,CC0)

ELANE RUMBER 1
1 2 3 & 5 é 7 8 3

3 3.198D~04% 3.086D=04% Z2.7450-04 2.309D-C8  2.402D-0% 1.842p-05 0.0 0.0 0.0
2 9,837n~04  9.04860~08 E&,158D-04 6.8570-(4  7.13205-0%5 4,380p-(5 0.0 0.0 .0
3 1,5510~33  1,4775-03  1.332p-03  1.1200-03  1.1850-04 7.478D-05 0.0 G.0 0.0
% 2.1058-023  2.00%0-03 1.806£-03 1.5200-C2 1.581D~04 1.£150-04 0.0 0.0 .0
5 2.855D~03  2.4713-03 2.22%0-03  1.873D-063  1.949r-04 1,.:51p-C4 0.0 0.0 0.0
€ 3.0060-03 2.863D=-03 2,5821Dp-03 2.17CD-(€3 2.2570~04  1.4435-04 Q.0 0.0 0.0
7 3,325p-03  3.168D=-03  2.8570-03 2.401D-03 2.498T-04 1.€04D-C4 0.0 0.0 G.0
] 3.5440-03  3,376p-03  :.04°C-03 L5590-C3 2.€620-04 1.7095-04 0.0 0.0 0.0
@ 3.6550=-03 3,4820-03 3.14CD-03 2.639L-03 2.745T-0% 1,7€3D-C4 (.0 0.0 6.0

PLANE NUMBER 2
1 2 3 4 5 4 ? g 9

1 8.3720-08 7.%75D0-04 F.193C0-04 6.045D-C4% 6,2880-05 4,C37D-05 0.0 0.0 0.0
2 2. 486003 2. 368p-02  Z,13€5-03 1.7951-€3 1.E67D-04 31.163Dp-Ch 0.0 0.0 G.0
3 4,060p-03 3.867Dp-03 3.48€0p-03 2.931E-03 3,049E-C4 1.5583p5-C4 0.0 0.0 0.0
4 5.5100-03 5,289p-03 4.7330-03 3.9790-03 4,138p-C4 2.6570-C4 0.0 0.0 [N]
3 6,7830-03 6.470D-03 5.835£-0G3  4,9350-03 5.1€2v-04  3,.276R-04% 0.0 0.0 6.0
3 7.B869T-03  7.496D-0G3 €.760p-03 5.682D-€3 5.910p-04 3.7950-€4 C.0 0.0 0.9
7 4,7060-03 8.2930p-03 7.47Sp-03 6.2860D-C3 €.5390-C4 4.198D-038 0.0 0.0 0.0
8 9.2790-03 6.839p-03 7.971£~03 6.7000-03 6.9690-08 4.874p-C4  C.0 g.0 8.0
g 9.5705-03 9. 1160-03 E.2210-03 6.8100-C3 7.187D~-C4 4.€13D-C8 0.0 0.0 9.0

PLANE NOUMBER 3
1 z 3 2 5 § 7 g 3
1.0350-03 9.8580-04  B.891Dp-04 7.473p-04 7.7720-0% 4.995D-05

1 0.0 0.0 4.0
2 3.0730-03  2.8270-03  2.64Cp-03  2,218p-03  2.3080-04  1.482D-08 0.0 ¢.0 3.0
3 5.018D-03 .7800-03  &.311C0-03 3.623D-031 3.769D-C4 2.420D-04 0.0 0.0 6.9
4 f.811D-03  £,48BD-03 5.8510-03 4.9180-03 5, 115r-04 3.:84p-C8 (0.0 0,0 0.0
5 8.3960-03 7.998D~03  1.213:p-03 6.063D-03 6.306D-04 4.C49D-C4 0.0 0.0 0.0
6 9.726D0~03 9.265D-03 B.35¢p-03 7.023D-03 7T.305T-04 H.€90D~-C4 Q.0 C.0 0.0
7 1.076D-02 1.025Dp-02 5,24%0-03 7.7710-03 B8.082p-0& 5.189p-C4 0.0 0.0 0.0
8 1.1470-02  1.0393p-02 $.8%3p-03 8,282D~(3 8,.6%14D-08 S5.E231p-C4 .0 0.0 3.0
9 1.183p-02 1,1270-02 1.01€p-02 8.541p-03 8,8847-04 5.7048~04 0.0 0.C 0.0
FLANE NUXEFR 4
1 2 3 % 5 € ? 8 9
1 8.372b-04 7.97SD-084 F.19:p-04 6.045D-C4  6,288p-08 4,C37p-805 0.0 0.0 0.0
2 2. %86Dp-03  2.3580-03  1,13€p-03 1.79Sp-03 1,E67D-04  1.199D0-04 0.0 0.0 3.0
3 4.0600-03 3.,857-03 3,4BED~03 2.%31E-03 3.049I-04 1.98580-04 (0.6 0.0 0.0
4 5.5100-03 5. 289D-03 4,733p-03 3.97905-C3 #.138D-04 2.6S7D-(4 Q.0 0.0 6.0
5 6,793D~03 6.470D~03 5.83%p~03 4,93058-03 S5,1026-04 23.2760T-C4 0.0 9.0 0.0
6 ¥,8690-03 7.49%8D~03 £,76{0-G3  5.582p~€3 5.3%100-04  3.795D-08 0.0 3.0 3.0
7 §,7060~03 £,2930~83 7.476D-03 &, 2860-03 6.5390~04 4.138Dp-C4 0.0 0.0 8.G
& 9.2730~03 B.83I30-03 F.971C-03  6.7(0D5-03 6.%63D~04 U, ETUD-C8 0.0 0.0 3.0
9 LEI0D-03 9.118D-03  €,2210-03 .9100=-03  T.187I-CH 4.615D0-04 9.0 0.0 0.0
PLANE NOKBER S
1 z 3 § 5 § ki 8 9
i 3. 19RD-04  3.046D-04  2.7470-08 2,309D-08  Z,4020-0%  1,%42p-05 0.0 [] 3.0
2 9.4970-04 9, 046D~04 8,158C-04 6.857D~C4 7.1320-C% 4.580D-05 0.0 0.0 0.0
3 1.5510=-03  1.877W~03 1.3320-03 1,1208-03 1.1657-04 7.478p-05 (.0 5.0 9.0
4 2.%050-03 2.005D-03 1.808p-03 1.520D0-C3 1.%810-04 1.G15D-04 0.O 0.0 0.9
5 2,5950-03  2.474p-03  2.22%0-03 1.873p-03  1,949T-00  1.2810-C4 0.0 g.0 G.0
3 3.0060-03 2,8630~03  2.582P-03  2.130B-£3 2.3S70-C&  1.4490-C8% 0.0 0.0 0.0
7 2, 325D-03  2,1680-03  2,8570-03 2.401p-03 2, 4380-Gk  1.€C4D-04 (.0 0.0 0.0
8 3.548495-03  3,3760~03  3.045p-03  2.5%%0-C3  2.€82D-Ck  1.709B-04 0,0 0.0 0.0
9 I,6350~03  3,482D~03 3.14€p-03 2,839p-03 2.7450-04 1.7630-04 0.0 0.0 0,0

LATIVE PCWER DENSITY THAYEESE LERT-TO~-ARIGHT IS

=3
pa o
to
gt
o)
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ADJOINT PROBLEM FOLLOAS
4 TIWNERS MIN, 4 INNERS MAX ~ CHEBYCHEY BITA OW CUTERS
PROC=0,1,2, 3, 4-NORNAL,CHEDYSHEY, SEMEX, DEXEY,SEEF AP, ICVR=0,1-7E5,NO INNERS CONYR. oCc¥R=0,1-YES,NC OUTERS COHYER.

ITER PRCC ICYF OCY3: FLOX CHa¥CB BU-BAF HU-1 #U~LCSS ACCELERATION PARAKETERS
1 0 1 1 1.830830 €9 0.0 0.0 {.C 0.0 0.0
2 0 0 1 1.641730 00 0.34307 1.73075 0.00%420 =1.06744 ~1.07363
3 0 0 1 7.070847-C1 0.42714 1.13794 -2.26613 0.59082 0.04632
4 ¢ 1 0 1.75557¢~-C1 0.30374 0.42384 C€.17774 0.01550 0.21843
5 [ 0 0 t.734472-C2 0.17322 0.11674 ¢€.417S2 0.95229 -0.2673%0
[ g ¢ 1 6.29468E0-03 0.22743 0.36921 0.37:2¢€2 0.14043 0.02892
7 0 0 0 2.1€9191-C3 0.34712z 0.3467€ ¢.35773 1.79825 -0.24343
8 2 0 0 8.5¢071c-04 0.35149 0.34786 €.3577¢ 0.18056 0.0
g ] 0 G 1.31799t-CS 0.0C 0.C ¢.C 0.0 0.0
10 ¢ 4 0 4.53367p-06 0.30¢97% 0.3439¢ (.37779 0.01517 0.01060
MULTIPLYICATION RELIABILITY ESTIMATCRS
8Y THE SUN OF THF SQGARES OF THE RESIDOUES~-==—=cemcmmemeaoeea o 0.0900000
UPPER AND LOWER BOUNDS ESTIMATES EY BAY REI FLUX CHANGR-—-=—=——~=mmwe-m 0.0909¢004 0.089999¢6
UPPER RNWL LOWEEK EOUNCS ¥STINATES CYER ALL SIGNIFICANT PCINTS-—~=m-- 0.0900037 0.0899989

FINAL GRCTUP OVERFELAXATION CCHRFFICIENDS AND RGBBYR OF INNEF ITEFATIQNS
T.u8714% 00 1.43015% 00
4 8

CPU AND CLOCR MIKUTES REQUIRED PCR THIS EIGENVALUE PRCBIEM AFE 0.099 1.832

TE-0sh



PERTURBATIOR RESULTS-—~DELTA-R/(F¥CRLTA-S) WHMERF S REPRESENTS BMACRO. CROSS SECTIONS. BIG EADDY = 4.354622D-13
ZONE GRP SIGA,SIGR,DR**2 BEA2 HG*SIGF TIFF. COEP.
1 1 -1.1045528 01 -~1.6%€E28E 01 102272808 02 ~5,922%008-D1
2 -6.721984% 00 -B.066374E 00 7.000963F 00 -3.4751638-01
2 1 -2.1139822 00 -~3.5937728 Q0 2.34EB68E 01 -1.445178F-01
2 - 1.962777¢ 0C ~2.2179378 00 2.345307F 0C -1.184282E-01
3 t ~1.873071E-01 -2.247€852-01 2.C0811%81F 0C ~2.0(C7098-02
2 -1.9379388-01 ~1.686007E~-01 3.451992E-01 -1.9912988E~-02
GRP. TOG GRP. DELTA-K/ (K*LELTA-SIES) PFOR ALL ZONES 1,2,3,e0.s {IHE IN~GROUF TERMS MAKEF NO CORTRIBUTION.)
1 1 1.104552E 01 2.113¢82F 00 1.8730718-01
2 1 6.3C0865F-01 2,11077€8-01 3.106793E-0z
1 2 1.178734F 02 1,977754E 01 1.17882€8 C(
2 2 6.721984E 00 1.962777E 00 1.937938E-01

EROMBT-NRUTRON LIPETIMB IS 2,22284D 01 SEC.

THE POLLOWING ARF CHANGES IN XKBFPFECTIVE DOUE TO 100 PERCENT CEANGE IN MACKCSCOPIC CROSS SECTIONS.
{DI¥YIDE BY 100 10 GET THE EPFECT C(F A 1 BERCERT CHANGE).

FOR INSCATTER

GRP, TO GRP. POR ALL ZONWES
1 1 0.0 0.9
2 1 0.0 0.0
1 2 3.889819F-01 1.02ZB432E-01 76C35E-023
2 2 0.¢ 0.0

S50 OF ALL INSCATTRER IS

4.997011E~01

ZONE GRP REMOYAL
1 1 -3.6450198~02
2 ¢.C
2 1 -1.0992708-02
2 0.0
3 1 -1.254957E-013
2 6.C
sUM IS ~%.869785E-02
ZONE GRP ABSORPTIORS SCAITER ING FISSION SCURCE TEANSPCRT
1 1 -1.325460E-02 3,5253178-01 4.909115E-01 4.481B7TE-01
2 ~3,1593298~02 0.0 4.410602E-~01 2.0850978-01
2 1 -1.4787818-03 9.1850528-02 9.395473E-03 1.2318028-01
2 -1.236549E-02 0.0 5.B6326SE-02 6.691188R-02
3 1 ~98,.739840E-05 6.6210748-03 0.0 1.2004258-02
2 ~1.550350E~-03 0.0 6.¢ 8.6€2199E~03
SUMS OYER GROUPS
ZORE
1 ~4.484789R~02 3.5253178-01 9.319717E-01 6.52€97432-01
2 -1.384527E-02 9.1€E5(528-02 6.802805%-02 1.90¢%218-01
3 -1.647750E-03 6.6210748-03 0.0 Z.06E640F-02

5085 OVER ZONES

GRP
1

~1.4831788-02

4,51C0338-01

£.00306%E-01

5.7537218=01

£€-04Y



2 -45.E80G13E-02 0.0 £.996928%8-C1 2.84C837E~01

TOTAL SUKS
-6.0340912-02 4.5100332~-01 $.5959975E-01 B.5345582-01

TOTAL SUM IS 2.25412® 00

THE POLLOWING AREF UNCERTAINTY ASSOCIATED WITH A 100 PERCENT UNCERTAINTY IN THE DATA [UNCORRELATED), BUT NET
SCATTERIRG IW THE ABCVYVE TABLYF TRFATEL AS A¥ ERTIYY.

5UHS OVER GROUPS

ZONE
1 3,4261068-02 3.5253173-01 6.599455F-01 4.90€524E-01
2 1.2053728-02 9.1£50528-02 £.S3E065E~02 1.4C1805E-01
3 1.5534068-03 6.6210748-03 0.¢ 1.480320B-02
SUHS OYVEF ZONES
GRP
1 1.333730E-902 3.643€108-01 4.91C0135-01 4.611074E-01
2 3.3962408-02 .0 4.44%8038-01 2.191543E-01
TOTAL SUHS

3.648737E-02 3.643€103-01 €.62€116E~01 5.1CE374E~01

TOTAL SUB IS 9.131232-01

BAEFAEERSXERARE S ERR AR ARKERIRRE FRDRAE AN R R ERARIEEE PR R DR AR AN I IR E AR IR A B AR SN AR B AN IR AR R R RN

NORMALIZATION OF IMPORTANCE PAPS IS TO ONIT PISSION SOURCE IPPCRIANCE FOF THE ACTUAL EFCELEIM. *
BOLTIPLY BY THER FRACTION OF THE COSE TEEARTED IF THE VALUES AFE 1C BE MADE RELATIYE TO THE *
TOTAL, BUT TAXE CARE 70 UNLERSTARL THAT THIS IS APPROPRIATEI IN¥ A SPECIFPIC SITUATION. *

FRERIVIPEIPIAL L FOIANRABAKAXBRSXIEAR NI RNARANTANS RN IRIRAR N AR BN IS 2R d kR kg kR Rk Sk Ak ok ok 3ok ko Xk ok ok ko

7£-0S%



MACRO,

RBSORP.

ELARE ROUMEERE

WA W

1
7.353p~-0¢E
6,484T~07
1.729p-0¢
3. 1850~06
4,84010-06
6.495n-06
7.9510-06
9,031n-06
9.60AD-086

PLANE NUMBER

WO W O g2 B s

1
5.0400-07
4, habp-0¢
1. 1850-05
2. 183005
3.3170-05
4.452p-05
5. 456D-05
6. 130 0-05
6.5840-05

PLRYE HUMBER

O U dR R =

1
7.700D-07

6.790C-06

1. 810Dp-05
3.3350-05
5.068D-05
6.802p~05
8.326D-05
9. 458n=-0%
1.006D-04

PLAKE NUMBEE

Nolie - JUN e IRV, QRN OFR N

1
5.040D-07
4, hultpn-04
1, 185D-05
2.1830-05
3,317p-05
4.4520-05
5, 450 p=-05
6., 130D-05
6, 384D-05

PLANE NUMBER

W3 U W g ek

1
7.353p-08
6. 484D-07
1.729T~08
3.1850-06
4,843D~-0¢
6.495L-06
7.951D-08
9,031p-0¢
9,606D-06

CROSS STCTICH IMPCRIANCE WMARE

1

£

3

g

5

A

£
6.758D-08
5.960D-07
1.589D-06
2.927p-06
&, 84485-06
5.870D-06
7.308p~06
8.301-08
8.829D-06

2
4.6320-07
4, 085D-08
1.089D-05
2.0060-05
3.043D-05
4, 0920-05
5.0090-05
5,589p-05
6.0520~05

2
7.07D-07
6.241p-06
1.664D-05
1,0650~05
4.658D=05
6.252p-05
7.653p-05
8.693p~05
9.2460-05

2
4.632p-07
4.085p~06
1.089p-05
2.0069-05
3.C49n~05
4.092p~05
5.009%p~05
5.689-05
6.,052p=-0¢%

2
6.7580~08
5.96Cp-07
1.584an-0¢
2.927D-086
%, 448D -06
5.970p-06
7.308D-06
8.301B-06
8.82%n-06

3
5.67€p-08
£.00%E-07
1.335p-06
2.45%£-06
I.73EC-086
£.01€c-06
€.14Cc~06
€£.97Uc-0¢
7.418g~06

3
3.892p=-07
3.432r-08
%, 1510-06
1.6860-05
4.562L~-0%
3.83¢€p~-058
4.2080~-05
4.78(c-05
5.085K-0%

3
5.946D-07
S.284T-06
1.39€0-05
2.5751-05
3.9140-05
5.253D-05
€.436p~05
7.304T~45
7.7690-05

3
3.8928-07
3.432p-06
$.1510-08
1.68€L-0%
2.5628-085
3.83E8C-05
§,208c-05
§,780D-05
£.08%L-03

3
£, 6785~08
5,0075-07
1.3350-06
2. 4550-06
3.7380-06
<. 01¢D-06
§.140D-06
6.9740-06
7. 418006

L]
4,3080-08
3.798n~¢7
1.0138-06
1.866D-06
2.836L-C8
3.8060-G6
4.655D-(6
5.2921~¢6
5.628D-0€

Y
2.953D-07
2.6Qup-06
6.343p-C¢€
1.279£-05
1.944p-C5
2.6C8p-C%
3.193p-05
3.627p=-C5
3.858¢~-45

4

4.512D-07
3.9790-C6
1.081D-05
1.954p~05
2,870L-€5
3.985p-05
4.87$p=-¢5
5.541p~¢5
5.8840-05

4
2.983p-C7
2.604p~ 8¢
6.3430~06
1.279D-(5
t.944L~0°%
2.608p-0%
3.1%3c-(3
3.6270~-05
3.858p-C5

4
4,3908p-(8
3.799¢0-07
1.013p~C¢
1.86€D-06
2.B36D~06
3.8C6D-C6
4.659E~0¢
5.292D-06
5.6280-C¢

{SIGA/K) (DELTRA

14

2.6541~-08
2.341D=-07%
6.241E~07
1. 150p-0¢€
1.7470-0€
2.34SI-0¢
2.8700-0¢€
3.2600-0¢
3.468D-06

5
1. £19L-07
1.604L-0¢€
4.277D-0¢
7.879t-0¢€
1.1970-0%
1.6C7D-€CE
1.967L-0%
2.234p-03
2.3771-0%

B
2.7790-07
2.4510-0¢

.535C-0€
1.2040~0%
1.8300-0¢%
2.4557-058
3.006p-0°%
3. &14p-C8
3.631L-0%

5
1.8190-07
1. EC4D-CE
4,277E-0¢
7.8790-C€
1.1971-CS
1.607L-0¢
1.9%67p-0F
2.234L-0°%
2.377D~-0Q°%

5
2.€54D~-CE
2.3411-07
65.281L-C7
1.180r~C€
1. T47L~0E
2.345D-0€
2.8701-C6
3.260TC~0€
3.468n-~0¢€

K/LCELTR SIGA}.

6
1.0659-08
9.396D-08
2.5050-07
4.€150-C7
7.€13D-97
9. 4120-¢7
1. 152p-C6
1.309D-06
1.3920-08

€
7.303p-08
6. 440p-07
1.7170-086
3.163p~-06
4.2070~06
6.451D~06
7.8570-06
8.,5700-06
3.5413-06

6
1.1160-07
9.£39D~-07
2.623¢-06
4.€32p~C6
7.344p-06
9.8560- 06
1.207p-C5
1.330D~05
1.458p-C5

€
7.303p~08
6.4400-07
1.7170-06
3.163D-06
4.8070-06
6.451p-C6
7.8970-06
8.9700-C6
9.5410~06

€
1.(65D-08
.3960-C8
«505p-07
4.6150-C7
7.£13D0-07
9.412D-07
1.152p-06
.309p-C6
1.392D-06

7
4.5710-0S
4.031p-08
1.0750~-07
1.98¢D~07
3.009D-907
4.038D-07
4.943D=-07
5.615D~07
5.9720-07

7
3.133p~-08
2.7630-07
7.3670-07
1.357D-0¢€
2.0620-0¢
2.768D-06
3.388p~-0¢
3.848D-0¢€
4.093D-06€

7
4.787p-08
4.222D-07
1.126D-06
2.0730-0¢
3.151D-0¢
4,.229D-0¢
S.176p-06
5.8860~06
£.25uD-0€

7
3.1330-0¢
2.7638-07
7.3670-07
1.3570~06
2.062p~08
2.768D-0¢€
3.3880~06
3.84ED-0E
4.093p~0¢€

7
4,5710-09
4,0310~0¢8
1.0750-07
1.980p~07
3.00%p~-07
4.0380-~07
4.3830-07
S.6150-07
5.9725-07

8
1.217D-03
1.0738-08
2.861p~-08
5.271p-08
8.011L-08
1.0758-07
1.3160-07
1.495T=-07
1.5%0¢-07

8
8.341p-0Q9
7.356D-08
1.9610-07
3.6130-07
5.491t-07
7.368L0-07
9.020D-07
1.025L0-05
1.090D-06

8
1.274D-08
1.124C2-07
2.997p-07
5.5280-07
8.389r-07
1.1268-06
1.378c-06
1.565L-06
1.6650~06

8
8.3411~09
7.356¢£-08
1.9€61D-07
3.613C-07
5.491p-07
7.3680-07
9.820L-07
1.025D0-06
1.0901- 06

g
1.217E-09
1.073p-08
2.861L-08
5.271E-08
8.011D-08
1.0750-07
1.316D-07
1.4950~07
1.590£-07

9
1.1410-10
1.006D-09
2.682p~09
4.941p-03
7.5090-09
1.008p-08
1.234p-08
1.401D-08
1.4900-08

9
7.8190-10
6.896D-09
1.8390-08
3.387p~08
5.1470-08
6.907D-08
8.455D-08
9.604D~08
1.0220~07

9
1.195D-09
1.0545-08
2.809D~08
5.174Dp-08
7.864D-08
1.055D-07
1.2920~07
1. 467D-07
1.561D~07

9
7.8190-10
6.8960-09
1.8390-08
3.387p-08
S.147p~08
6.907D-08
B.455D~08
9.6040-08
1.022D~07

3
1. 1410-10
1.0060-09
2.682p-09
4.341D-09
7.5090~09
1.008p-08
1.234p-08
1.461D-08
1.490p-08

SE-08h



SCAT SUB-BLOCK

3.677588F 00
2.785958E-05
9.0

1.172910% 01
1.921140% 01
6.5624368E-05

1
8,4925838-(CZ
1.4682008 (2
4.5692u6p-(6
1.9712498-C2
3.2377598-(2
0.0

3.05423C08 CC
1.0119788~-01
9.642159¢ 00
2.076548E-0%
1.6427582-05

IISTING CF INTERFACY FILE GRUBXS CCMPLETED

2-
PR

*k K

EL

L L2

* R

R

SOL

D 17%X10 - S GROUP SEARCH PRCETEM

IMARY SEARCH =
*x%xk%xkxSTART EXECUTING
WARNING *%**% [UNIT 13
WHARNING *** UNIT 14
WARNING **x DNIT %2
WARNING »>*x UNI1T 15

UTION EY FINITE-DIFPERENCE TLIFFUSION TREORY

STARCH PRCBLEM

A REGULAR ADJOINT

DIRECT CONCENTRATION SEBRCH
WILL FOLLOW FORWARC FROBLEX

HOCLIDE (DIFBECT)

WILL
WILL
WILL

LREAA

EE REAL BUT IT
£EF REAT BUT IT
EE REAL BUT IT

BE REAL BUT IT

PERTURBATION RESULTS ARE REQUESTSL

GEC

NETRY WO. 7

2-T R~-2Z

NUMBER OF ENERGY GROUPS

NUM

F3ik]

RUME®R OF INTERYALS IN DIMENSION 2

BER OF UPSCATTER GROUPS (¥aX)
NUMBER OF DOWNSCATTER GROUPS

{MA 1}

BER OF INTERYZLS IN DIMENSION 1 {(COLUMHS)

{ROWS)

KUMBER OF INTEBYELS IN DIMENSION 3 (PLANES)
NUMBER OF ZONES

NUBBER OF REGIONS

NUMBER OF BLACK ABSORBER ZONES

BOUNLARY INDICATCES-

LEFT 1

FIGHT 2

TO0® 2 B(TIOE 1

STORAGE AVAILAELE
MACRO CALCULATION
EQUATYION CONWSTRANIS CALCULATICHN
CORE CCNTAINED OR SEACE STORED

PLANE STORED
ROW STCRED

MEMORY REQUIREMENTE FOF DATA STORAGE

BINTHUM

BULTY-IFYEL PLANE STORIT
INITIAL FLUX
INITIAL CYERRFELAXATION PARAMETERS
TTERATIVE

PROCESS

CCRE CCNTRINEL

SPACF STORFD
PLANES STORED
PLANE STOREZ

€.445738E-0C2
1.087C09CE €1
2.03028%8-C2
1.8383792 (1
1.299899F ¢1

REUTRONICS CCOE BLOCKk»x3&sdxdx

MAY NCT HAVE

MAY NCT HAVE

MAY MOT HAVE

NBY HCT HAVE

- -t b
[ 35 e I R IR R L N |

T0TAL
EAXINTN
1CCCo

958

1396 1396
1736 173¢
705 705
18€9 1889
774 174
4<0

€221
icus
3727
3727

4,.296340E 00
6.575632E-02
€.0

1.897439E-02
2.077499%-02

~ SECOMDARY SE2RCH = LIMENSICH

EEEX WRITTENW
BEES WRITTEN
EEER WRITTEN

EEEN WRITTEN

A

6255
20€7
2748
27 48

3.122898F-02
1.617558E 01
2.710728E-05
3.887147%¥-04
1.3910298-03

B [o
779 480
779 200
779 200
779 200

0.0

9.8051738-02
2.0035588 01
1.321710E 01
2.4317608 01

707

0.0
0.0
3.9569C8E-02
2.247639%E-02
3.522348E-02

9€-0SY



10 RORS STORED 2961 1982 179 200
1 ROW STORZE 9179 0 779 200
1 MOLTI-LEYEL PLANES STOEED 4559 1020 738 200

PERTUREBATION CRLCULATIOR 934

BATA WILL BE STORED FOR ALL GRCUFS, ALL SPACE

MEMORY LOCATIONS RESERVED POF DATA STOEAGE~~- 10000

BAX MEMORY LOCATICNS KEQUIREL FOE IRIS PROB~- 8221

BENORY LOCATIONS NOT OSED---=-—w--cmmwccwo——n= 1779

DD PARAMEBTERS BCLLOW FOB E1 = 3%3C AWD B2 = 544

N2= 3 N3= 12 ¥W4= 1 KS= € ¥6= 10 NI= 1 K@= 1 KS= 1 §10= 1 N11= 1

10€€0 BYTES.
3264C BYTES.
42240 BYTES.
©546EE0 BYTES.

REQUIRED DISK STORAGE SPACE FOR FIUX[UBITS 24,27,28) IS
¥OR CONSTANTS [UFNIT 4C) IS--
POR CCKSTABIS{URIT 23) IS--
REQUIRED TOTAL DISK STORAGE SEACE JS--—w——w-eso—ceeaaao
THE REGION SIZF FOR SMALL PRCBLERS IN THE ALI~STCRED MOTE IS AREERCXIRATELY 2808 BYTES.
THE REGION SIZRE FOR LARGE FRCBLEPS IN TIHE PLARE~STCREL MOCE IS APPROXIMATELY 370K BYTES.

EIRECT ACCESS TATASET REQUIREMENTS

MAX INUX EHYSICAL RECORD IS

ORIT NUMBER OF
NUKBER LOGICAL ERCORLDS
23 50
28 5
27 5
28 S
25 50
26 50
40 5
STORAGE FOR MACRC CALCULATION
SUPPLIED 10000
REQUIRED 969

IOGICAL RECORD
LENGIE (WO EKDS)

120
340
349
340

34

34
707

STORAGE POR SEAECH MACRO CALCULATICR

SUPPLIED
REQUIRED

10000
857

PRINCIPAL BACRCSCOPIC CROSS TECTIONS

GRCUP
Z0RE

DAV E LN -

GROUP
ZORE

(VU S P

1

D

2.516465¢%
2.491580F
2.491576F
2,891576%
2.8915768
2.891576¢%
2.12120¢8
2.121200F

2
D
1.453617r
1.438300F
1.438299%

00
00
4
00
a0
00
a0
00

0o
00

SIGR

5.79266€E~02
4, 3301368~03
%.330140E-03
4,3301408-02
3.33014Ce-03
4, 33014CE-02
8. 130463E-04
8, 190463E-01

SIGA

3.3426178-03
1. 9751658023
1. 97517CE-03

SIGY¥P

1.4216648-02
3.215195E-C3
9.2152258-03
9.2152258=¢C3
9.2152258-013
8.215225E-03
6.383623E-06
6.3896238~C¢€

SIG NP

4.837800E~-03
9.110016E-08
9.1100278-08

7200 WOEDS

FHYSICAL REC
/LOGICAL REC

[ P Y

SIGNF
1.5368(9E-13
1,0343Z5E~13
1.034326E-13
1.0343268-13
1.0343268-12
1.034326E~12
0.0

0.0

SIGNF

5.816419E-14
1.033252¥%-18
1.033252E-14

NUMBER CF
FHYISICAL RECORDS

50

W
OO InNn

SIGAS
9.4012158-04
$.0

»
~
»
.
.

[+ R>RoNeNo Nl
DR D

SIGAS
6§.200797E-04
¢.0

6.0

LENGIR

120
340
340
340

36

36
708

SIGNPS
2.849504%8-03

S5IGNFS
1.484710E-03
0.0

0.0

PHYSICAL RECORD
{WOERLS)

Ki2=

2560

4

N13=

1

N1t4=

1

¥15=

10

LE-0SY



[ IR NI PV % Y

FISSION
7.550370%8-01

1.43829¢%F 00
1.438299% 00
9.4382998 00
1.276845E 00
1.276845E 00

3

D

9.447532E-01
9.359486F~01
9.359536%-01
$.359536E-01
9.359536E-C1
9.3595368-01
6.192686E-01
6.392686%5~01

4

D

6.4525938-01
6.413077F-01
6.4134732-01
6.4134738~-01
6.4734738-01
6.4134732-01
3.9547161%-01
3.95416 12-01

5

D

6.781518E-01
6.9035588-01
6.9035278-01
6.9035272-01
5.9035272-01
6.9035278-01%
3.8599548-09
3.8691548-019

1.97517£8-02
1. 97517C¥-02
1.9751702-03
5. 05748(E-08
5.05748CE-08

SIGA

6. 746028703
5.1155288-032
5.11553538-03
5. 11553%8-0:
5.115535E-03
5. 11553%8-02
e 612214803
1. 6122148-02

SIGHA

1.5748078-02
1. 1794178-02
1. 17942%8-02
1. 1798228-02
1. 1798228-02
1e 179422E~02
7.7296385-03
7. 7296388-03

SIGA

3.259838%8-02
1.9315112-02
1. 931519%2-02
1.9315198=02
1.9315198-02
1.9315198-02
1. UH6690€E-02
o 46690€F~-02

SPECTRUH COMSTANY PUE ALX

2.3802508-01

/¥ COHSTAHT FOR ALL 2DHES

3.8760788-08

ZONE VOLURES

2.669836% 05

SCATTIRING BACBOSCOEIC CROSS

GROUP
P20
0.0

GROUY

TPO
0.0
0.0

GRODP
T80
0.0

7 HBANWD
0.0
2 BBANHT

3.272273%8-02

1.1219302~03

2.235057®2 05

6.63

3.C816348-03

1. £7EBU9E 05

10027E-04
100278-04
3

9.1
9.1
9.110027E-04
0.0
0.0

SiGu?

5.4 72325€-03
1.0750838-02
1.075084%-03
1.075084E-C2
1.075084E-03
1.0750848-03
0.0

0.0

SIGHF

1.068695E-02
2.138645¢-03
2.138647E-0:Z
2.138647¥-03
2.138647E-03
2.1386478-03
0.0
0.0

SIS b?
2.858%022E-02
5.6866885~-C2
5.636688%8-03
5.656688E-C2
5.6 96688E-03
5.6$6688E~03
0.0

0.9

20888
79%9E-03 0.1

3.2722656%-02 ¢
3.2722732-02 ¢

SECTI0NS
1 B3J 1
0.¢ 0.0
2 H3J 1
3.099186E-02 0.0
0.¢
3 83Jd 1

3 HBAND

6435490 1E~03

5.6692242-04 (C.0

5.4532378-03

S.2148838-04 0.¢C
6. 4€3237E-03 5.6
5.6692248-C4% C. ¢ 4.¢

9. 142683E-C3

1.572882% QF%

1.033252%~1¢%
1.033252E-1%
1.033252%-14
0.0
0.0

SIGYF
6.15%4S0E-14
1.238740F-14
1.23874%E-4
1.238741F-14
1.23B741E-14
1.23€6749E-14
G. 0

0.0

SIGH?
1.212027E-13
2.472050F~14
2.4%20528-14
2.472052E-~4
2.872052%=1¢
2.4720527-14
0.¢C

0.0

SIGHEF
3.2333478-143
6, 586382814
6.586387E~194
«SEE3ETE~1Y
6.586387F-14
5.SE63ETE-~14
0.0
J.¢

£.¢

€.4632C7TE-03
69224E-04 (.0
Z40719E-03 €.S34805F~-04 0.0

2.%60C258 (S

0.0
c.0
C.0
.0
.0
£IGaS
8,871062E-04
.0
.0
4.0
J.0
6.0
t.0
£.0
SIGAS
Z.050783E-03
.0
.0
.0
[y ]
.0
€4
0.0
SIGAS

£.6015148-03

£.3939718-02

3.2722735-02
2.461848528-G2

2.083066% 05

SIGHFS

G.0

SIGNFS
+106362E-02
0.0

Sooocow

-
-
-
-
.
-

GO0

(e R
“« 8
oo

5.6691%91F-04 0.0
6.,4632378-03

§,988512% 05

5.669224E-04
4. 524011E-03

L. 459834 F (05

3.272273E-0G2
2.474552E-02

6.463237E8-03
0.0
6.93U4805E8-04

8E£-06Y



GROUP 4

GROUP 5

1.4053178-08
3.2469588-03
9.15695€8~(R
0.0

HBAND 4 MJa

5.591076E5-03
5,.589440F=03
5.589440F-03
7.26U468 1E-G3

MBAND 5 ®33

3.247920E-03
$.156952¢-08
3.342087E-06
.0

5.486510F-08

SCATTERING BEMCYAL

GROUP 1
3.152382p~02
GROUYP Z
§.361208n-03
GROUP - 3
5.593935p-03
GROUP 4
3.247921p-03
GROYUP 5
0.0

FINE MESH DESCRIFTIOR -
DISTANCE TO POINT - TIMENSIOR 1

1 6.2410
9 &1.3612
17 111.5037

3,330036c-02
6.4707360~03
5.592799¢0-03
3.24€9580-403

0.0

DISTANCE TC BOONLARY

1 0.0
9 57.u820
17 109.055¢9

DISTANCE 10 POIRT — DIMENSIOR 2

PCINT

1
7. CEEST3E~-06
7.527407 k~06
7. 527407 E=08
1. 1€3266F-05
1
2.834753F-06
g.C
1.8059188-08

3. 28€9588~013
«5733308-07

3.33€038L-02
€. 47C8008~03
5.5528027~-03
3.24¢€9%3¢0-03
0.¢

IS ICCALED AT

1.C3€582E=-0F
1.062010%~05
1.C62010E-C5
3,8521548-CE

1.405918E-08
3.26€95€6E-C3
9.15€958E-08
3.342087F-06
0.0

3.33C038D-02
€.47C8006D-03
5.552802p~-03

J.28€95%9D-02

o

.

THE CERTRCID

[IFFT 10 RIGHT)

2 10.8097 3 26.7%14 4 31,3091
10 €8.4633 11 74,8950 12 81.7364
2 8.8261 3 12.4820 4 26.5601
10 65.0093 11 71,7513 12 77.9120

18 113.8990

{3CP TC BOTTGHN}

1 2.0400 2 6.1200 3 10.200¢ 4 15.2567
9 46,4150 10 52.84580

DISTANCE TO BOUNCARY
1 .0 2 48,0800 3 8. 1600 4 12,2400
9 83,2000 10 89.6300 11 56.0600

SERRCR LIMITING FACTORS - SP1 = <~Z,8J%285% €0 S5P2 =

REPFRENCE ZONE FCR INITIAIIZATIICE ¥ILL BE

5UM OF REGIGN VYCIUMES FROM GEGESTI

5UM COF REGIOR VOIUOMES COMPUTED PRCN POINT
504 CF ZCKE VOIUKES (FROM COMEPUTEL REGION
5U¥ QF ZOKE VOLUPYES

INITTAL ELUX IS CONSTANT

FRO® XDXSAP

YCIOEES
YOLCNES)

1

9. 1565588~ 08
3.342CRTE-CS
C.C

1.805918:-08
4.81€136E-03

3.33¢C38p-02
€.47GECOD-C3

£.592802p-03

c.C

C¥ THE YOLU¥E
€ 3%.1139

13 88.8928

& 35,427

13 85,3896

£ 21.2900

£ 18.2733

-1.039481F 01 Sh

2.28U7510 C€

2.2847€91 0¢
2,2E8476SL (6

2.2887791c C¢€

ENERGY DEFENDENT CYEREELAXATICN COFFEICIENTIS CARICUDLATED
SPACE POINT AT COLUBK =

2

RO¥ =

9 PLANE =

¥= 1 FPK = 8.97755%E~-C01 TL = S.743311E (2 1T =
K= 2FK = 9.5123088-01 T1L = 3.1310778 €2 1L =
K= 3 FK = 9.(883092-01 TL = 2.129929F 02 TC =
K= 4 PFK = 8.1559538~-01% TL = 1.621023E €2 1L =
K= 5FK = 7.308%7SE-01 7L = 1.901209E €2 1T =
RHONIN = 7.148068E-01 QF = £.5184S5E-01 RHCMAX =
NBI = 1 %J = 9.9573428-C1

¥RI = 2 XI = 93.876884%8~C1
NBKR = 0 XXB = 0.0

1 2CKE = 1
5.15€0£3E (2 ¥EREC
2.978376F 02 NREC
1.935745F 02 NREC
1.3220%9% €2
1.389454F €2 NEEC
9.3035268-01

¥REC

5.5894 14E-03
5.589440-03
5.589440F-03
7.2626815-03

0.0
1.4059185-08
3.246958E-03
3.156958EF-08
0.0

3.330038g-02
6.4708000-03
5.592802C-03

3,2469%91-03

0.0
ELEXENT
6 45,3280
14 95.5148
6 42,2820
14 92,2632
6 27,3233
6 24.30867

= 1.009960EF-02 SHF =

19
29
35
49

ouonotou

7.527391E-06
7.527MC72-06
7.5274078-06
1. 1632668-05

3.246953E-03
9. 156958E-08
3.342087E-06
0.0

£.486510E-08

2.487289p-02
4,535699D-03
7.264688D-03
4.5161410-03

0.0

7 50.5416
15 101.3582

7 48.0056
15 98.6590

7 33.5550

7 30.3400

1.062008E-05
1.0620108~-05
1.0620168-05
3.452154E~05

3.3420828-06
0.0

1. 405918E-08
4.5161368-03
3.5733908-07

2.487283%Dp-02
4.5356990-03
7.268688D-03
4.516141p-03
0.0

8 55.2658
16 106.5518

8 52,9562
16 103.9875

8 39.9850

8 36.7700

1.712408E-02

6£-0G%



A FLUX — EIGENVALUZ PROBIEM FGILCES
4 ITHWNERS #7IN,

ITER

IxEAARKKINSEARCH EIGENVALUE FANGF VIOLATED - CALCULATED
DENSITIR®S UPDATED PCE DIRECT SEARCF HITH CHENGE EIGEXTAIUE

PRCC ICYE
0 1
0 1
0 4
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 0
0 c
0 1
0 1
0 0
0 0
0 0
i 0
0 0
0 0

1

1
1
Y
0
0
0
0
1
1
0
0
0
0
0
0
0
¢
0
1

PROCEEDING WITH SECONDARY SEBARCH

STCRAGE FOR MACKC CALCULATION

SUPPLIED
EEQUIRED

1000¢C
969

FRINCIPAL MACRCSCOPIC CROSS SFECT IONS

GROUP
70NE

D NANE W N ek

@ LN

1

D

2.46106UE
2.491580F
2.491576F
2.4891576F
2.491576%
2.491576%
2.121200¢
2.%21200F

00
00
00
00
00
co
[114]
00

2

D

1. 4214 24F
1.438300F
1.438299%
1.438299F
1.438299%
1.438299E
1.2768458
1.276845%

00
00
00
00
00
¢o
[¢14]
0o

4 INNERS MAX - CHEBYCHEY
PROC=0,1,2, 3,-NORMAL ,CHEBYSHEV, SE¥EX, DEMEX, SEXEXF.
OCYR

BETA OM CUTERS

SIGA

SIGA

FLUY CHRANCE HU-BAF Hu-1 ¥U-1CSS ACCELERATION PARAMETERS
4.39t5¢4r 01 0.0 0.0 €.C 0.0 0.0
1.73189r 02 0.16135177.12836 -0, 36323¢ 0. 19240 0.C
2.237471 €2 0.61604225.03884 (.50934 0.30557 0.09595
1.6€452T €1 0.23920 16.71962 C.44247 0.23130 0.10744
1.213541 (0 0.13122 1.28645 Q.£3724 0.3€150 ~0.05749
-5.3€1751-L1 0.329C¢  0.7€6254 (.€6317 -0.04917 0.05468
-3.3%712c-C1 0.30461 0.29041 C.719%1 0.41587 0.00756
-2.423856L-(1 0.47692z 0.4795€¢ (.75279 -0.53152 0.33¢70
-1.8€892C-C1 0.7896€ 0.5€332 (.69C68 -13.68420 3.34435
-1.358012-01 0.79475 0.59200 0.%0Z¢€€ 3.91107 -0.03009
-8.0€377T~-(2 0.77327 0.51354 (.16S70 0.09795 2.90814
-3.952510-02 0.53861 0.45027 ~C.C0S37 -1.66329 4,.45432
-1.434151-C2 0.29348 0.34850 -C.71923 2.04299 ~1.37790
-4.51417c-C3 0.3337C ¢.3102¢8 C.C1E87 0.34723 0.04049
-1.85055:5-03 0.48145 0.40809 13.22873 -27.91890 7.49186
-8.891671-04 0.51781 C€.4756C C.51769 1.27472 ~0.08993
-4.845010-C4 0.57CS4 0.54441 1,C0717C(5 9.78893 ~3.90170
-4.08437c-04 0.56723 0.%56589 0.€73:2 0.47438 0.0
-1.381121-€5 0.0 0.C c.¢ 0.0 0.0
-1.466C3T-05 0.66847 1.06147 1.CUETY 0.02121 0.02968
1.9743CC 00 UOSING 1.0C000D 0O
1.CCO00E 00
SIGNF SIGHF SIGAS SIGHFS
6. 73278EE~03 1.7066158-02 1.B32810F~-13 (.0 0.0
4.33013€F-0: 9.215195E-C2 1,03u325E-12 (.0 0.0
4.330740E-023 9.275225F-03 1.034326E-13 (.0 0.0
4.33014CE-03 9.2152258-C3 1.034326F%-13 (.0 0.0
4.33074CE-03 9.215225F-02 1.03%326:-13 £.0 .0
4.33014C8-03 9.215225%8-03 1.034376%-13 (.0 0.0
8. 19046 3F-084 6.3E9623E-C€ 0.0 .0 0.0
B.1904637~-04 6.389623F-06 0.0 €.0 0.0
SI1G kP SIGHF SIGAS SIGNFS
3.962696F-03 6,3225714E-03 7.079309E-14 (.0 0.0
1.97516¢£~-03 9.110016E-C4 1.033252E-14 C.0 0.0
1.97517¢8-03 9.110027E-04 1.033252%-14 C.0 0.0
1.975170F-03 9.1100Z7E-0& 1.033252E-14 C.0 0.0
1.67517C(8~03 9.110027E-04 1.033252F-14 (.0 0.0
1.9751708-03 9.110027E-04 1.033252F-14 (.0 .0
5.05748¢¥=-04 0.0 0.¢ C.0 0.0
5. 05748¢E~04 0.0 0.0 0.0 0.0

ICVE=0,1-YES,NO INNERS CONVR.

X
0.6308038
0.6631133
0.7846156
0.8353485
0.8749117
0.9009923
0.9201270
0.9348861%
0.9571706
0.9868479
1.0%26222
1.0097924
1.0102849
1.0100230
1.0100522
1.0100169
1.0100131
1.0100091
1.0099992
1.0099998

OCV¥R=0,1-YES,NO CUTERS CCHNVR.

SEARCH FACTOR
.0

0.0
4,875920-C1
7.66376D-C1
9.756650-01
1. 13464D 00
1.26210D 09
1.36698D 00
1.54225D €0
1.789%59D 00
2.00778p CC
1.97670D ¢C
1.97915D 0¢C
1.97577D (0
1.97549p 00
1.97487p 00
1.97466D CC
1.97450D 00
1.9743CD 0¢
1.97430D 00

S.F,~CALC

0.0

4.87592¢
3.27543p
2.85926D
2.56544D
2.40926D
2.31082D
2.243340
2.16059D
2.06232D
1.97670D
1.97915D
1.975770
1.97549D
1.97487D
1.97466D
1.97450D
1.97442D
1.97430D
1.97430D

00
00
00
00
00
00
00
60
00
00
0C
4]
00
00
00
00
00
00
00

0%-0%Y



A PLUX - RIGENVALUE PROBLE® FOLLCRS
4 INNERS NIN, 4 IRNERS MAX ~ CHEBYCHEY BETA CN CUTERS

PROC=0,1,2, 3, 4-NCRMAL,CHRBYSHEEY, SENEX, DCEMEX,SENEXF, ICYR=0,1-YE35,N0 INNERS CONVE. OCV¥R=0,1-YES,NC CUTERS CONVR.

ITRER PRCC ICYR OCYR FIOX CHRRGE KU-EAR 80-1 ¥G-LCSS BCCELERATION PARAMETERS
1 0 1 1 -3.45672p-0C1 0.0 0.0 C.C 0.0 8.0
2 0 1 ¢ -3.,38280t-C1 0.77246 0.64033 -0.00z2:29 3.394¢E3 0.0
3 4] 1 1] 2.027721-01 0.5156C 1.08538 -1.C6718 0.23692 1.36078
L ¢ 1 4] 1.180400-C1 0.69823 O0.6E23E ~C.(2C%8 0.76114 0.49871
5 0 1 b} 3.39959p-(C2 0.28830 0.32951 ~C.54%5:6 ~0.05744 0.76164
6 0 1 4] 7.8€5781-(3 0.2149C 0.23924 (C.C9ueC 0.43653 -0.05178
7 ¢ 1 [ 2.68429r-03 0.28570 0.3439%5 -C.10868 0.07224 0.06408
8 2 1 4] 8.84050r-C 0.29320 0.30184 4.%%7:8 0.094¢5 0.0
] 0 1 ] $.839341-(5 0.0 0.0 C.C 0.0 0.0
10 [ 1 [ 6.713085-05 0.73424 0.68234 1,02k46 -0.23510 0.14693

ROTE RELAXED FLUX CHANGE ON FIRST FASS OF INTISRECT SEARCH

PINAL CALCULATED XEFFECTIVR C.9044591
BULTIPLICATION ERELIABILITY ESTIMAIORS

BY THE SUM OF THE SQUARES OF THE SESIDUES ——— ————— 0.9044544
UPPER AML LOWER BOUNLS ESTIMATES EY MAX REL FLUX CHANGEw~~wwe—w-v-a 0.5045199 0.904393¢
UPPER AND LOWER BOUNDS ESTIMATES OVER ALL SIGRIPICANT POINIS-~e--- - 1.3166812 0.8060398

PINAL GROOP OVERRELAXATICN CCEPFPICIERTS ARL NUKEER OF INNFF ITERATIONS
1.41483F 00 1.51558E 00 1.42CS7E 0¢ 1.50784E 0C 1.35€62F €O
% 4 & 4 4y
CPU ARD CLOCK MINUTES REQUIRED PCR THIS EIGENVALCE PRGBIRM AFE C.050 0.151
COURSE MESH CRANGE EIGENVALUE IS 3.96143D~01
FEFEREHCE ZONE FCE INITIALIZRTION WILL BE 1
SUM OF REGIOR YOIUMES PROM GECDST 4.,026185L Q€

SUX OF REGICN VCIUMRS COMPUTED PRCE POINT VOLUMES 4.02618€L C¢
SUM OF BONE VOLUMES [PRCM COMEUTED REGION VCIUBES) 4.026186[ (€

SUM OF ZCNE VOLUKXES FROM NDXSRF¥ 4.026185r C¢
¥ = 1 XxJ = 9.9573428~6G1

§BI = 2 XI = 9.8768848~-C1

RBEKB = 0 XKB = 0.0

AMDAL = 9.834930R-01 AMDAG = 9.7805S14E-01

REO 8.82210€8-01 B.92023%E-C1 8.83723€E-01 £.6673635-01 B.51B495E=01
BETA  1.359753F €0 1.377421E €6 1.36238SE 6C  1.3344351 €C  1.312519E 00
NIRR 4 4 g I M
BLAPSED CEG AND CLOCK MINUTES ARE 0.238  4.730

K~USED
1.0099993
0.8931243
0.9082068
C.%029371
0.9047852
. 3045303
€. 3045002
0.9044780
G.904u647
0.904461%

K~CALC
0.8991243
0.38062068
$.5029371
€.3047852
0.9045303
0.9045002
6.9044780
0.9044677
£.30L44611
0.9044591

19-0%%



A FLUX - EIGENYALUE PROBLEA FOLLCRS
4 IWNHERS MIW, &4 IWNERE MAY - CHEBYCHEY EFETA C% CUTEFS
PROC=0,1%,2,3,4-BCHAMAL,CRFBYSREV, SEMEX, CEHBX, SENEIF. ICVR=0,1-1ES,NC INNERS CONVR. OCVR=0,1~YTE5,NO CUTERS CONVR.

ITER PROC ICYR OCYR PLUR CHANGE KO-ERF M5-1 ¥y-1CES ACCELERATION FARAMETERS K-USED X-CLLC
1 0 i 1 -5.560412-0% 0.6 0.0 0.¢ 0.0 0.0 1. 0099993  0.9813170
2 L} 1 0 -5.526081-C1 0.88794 0.3421¢ -(.C0CE9 2.29u452 0.0 9.9813170 £.9979253
3 0 1 3 -3.79184T-01 0.3647C (.19759 -C.E3£56 1.84%775 -1.22361 £.9979253 1.0009653
§ 0 1 0 -1.841051-0% 0.35004 0.31990 0.11%4% 0.58897 -0.01807 1.0C0095653 1.0034464
5 0 1 b -8.162871L-12 0.3618% 0.36307 <C.£7919 0.20665 0.1238% 1. 003dl64  1.0045596
6 0 1 L] -3.905818-02 0.52818 (.43768 G.R770¢ -1.37320 0.66681 1. 0045596  1.0051981
7 0 1 0 -2.069091-¢2 0.60C0% 0.5%644 (£.56597 2.06629 -0.2532¢8 1.0051981 1.0055893
8 0 1 0 -1.24828L-(2 0.69120 0.5821% C.E6E4S 3.20116 ~0.76136 1. 00556898 3.0058419
9 3 1 0 -2.89713p-02 0.66738 0.62929 0.£223% 3.895¢62 ~%.25347 1. 0058499 1.,0060096

10 0 0 0 ~4.,0C0461-CH 0.0 0.0 g.C 0.0 0.0 1.0063469 1.0063577
11 0 1 0 -3.551130-08 C.B6805 06.91231 1.015C5 0.03355 0.05288 1. 0063577  1.0063645
12 0 9 0 ~2.329671T-04 0.65818 0.637864 0.95€%% 1.60839 0.€372¢ 1.0063645 1.0063693
13 0 1 1 -2.26554¢2-(4 1.08162 0.9£8083 1.03343 J.956€60 Z.0831% 1.0063693 1.0063729
14 0 1 0 -1.79763z-04 0.72448 C.78634 0.€81%57 2.95%74 2,24249 1.0053729  1.0663753
15 ] i D -1.276%1T=-CY 0.87%44 Q0.7100% 1.€03E§ 2.564248 ~0.44984 1.0062753  1.0063772
16 0 4 9 -7.46370T~C5 0.5623C 0.5E453 (.<8644 -20.20028 19.219754 1.0063772 1.00637€¢
17 ¢ 1 0 ~4,.73355L-(5 0.60731 0.63416 1.€0248 0.94596 0.30297 1.0063784 1.0083793
18 0 1 0 ~3.61640T~C5 0.64772 0.76396 £.%8426 5.49334 -1.99112 1.0063793 1.0063799

PINAL CALCULATED XKEPPECTIYE 1.00€379¢
HULTIPLICATION BELIABILITY ESTINATORS

BY THE SUM OF TEF SQUARES OF THE RESIDERS-—-——-——-———=—--——————mommm e 1.0063777
UPPBR ANED LOWER EOUWIS ¥STIMATES EY Maf REL FLOY CHARGE------==---- 1. 00841563 1.0063435
UPPER AND LOWER BOUKDS ESTIMATES OVER ALL SIGHIFICANT POINYS-----—- 1.0342588¢6 0.8622427

FIRAL GRCUP OYVERERBLAIATION CCEPPICIENTS ANL MONEZER CF INNEF I7¥FATIONS
1.35984F 00 1.88133% 00 1. 4T7CT4E ¢ 1.494C1F 00 1.35C04E 00
4 4 4 8 4
CPU AWD CLOCX HINUTES REQUIRED FOR THIS BRIGENYALIE PROBIEX AFE {.083 0.212
COURSE MESH CHANGE BIGEWYALIUE IS5 8,302102-01%
BREPERENCE 20WE FOR IRITIALIZATIOY WILL BE 1
SUH OPF REGICN YQ1UMES PROH GECDS? 4.099473T C¢

SU¥ GF REGION YCIUMES COMPUTED FRCH POINT YOLURES 4.09%473¢ (6
SUB OF BOWE YOLURES (FROM CONPOTEL REGION YCIUMES) 4.099473f Cf

SU# OF ZORE YOLURES FROR HDASAP 4,099473C €
B3 = 1 XJ = 9.95734272-01
#BE = 2 XI = 9.8768848-09
RBKB = 0 XXB = 0.0
L8D2L = 9.834930E-01 ANDAG = $.78051438-01

RHO 8.8119528-01 B.907340%-CY 8.8266432-01 E.6520S4¥-C1 8.518495E-01
BETA 1.358002% 00 1.3750192 ¢4 1.360540F 00 1.333617F ¢ 1.3125198 09
BINR & 4 4§ L] [
ELAPSED CPU ANL CLOCK MINUDYTES AREF 0.344y 5.774

¢h-0sY



A FLUX ~ EIGENVALUE PROBLEE FOLLCHS
# THNMERS BIN, 4 INWERS MAYX - N0 CHEBYCHEY BETA

PROC=0,1,2,3,4-NCRMRT ,CHFBYSHEY, SFFEX, CENEX,SEMEXF. ICVE=0,1-YES,NO INNERS CONVR. QCYR=0,1-YES,¥0 CUTERS CONVR.

ITER PBRCC ICVE OCYR  FLUX CHANRGE MUy-BAR MU~1  RU-1CSS  ACCELERATION PARAMETERS K-USED
1 0 1 1 -2,33365C-(5 0.0 c.C ¢.C 0.0 0.0 1.0099993
PINAL CALCULATED KEFFECTIVE  1.(099992
YULTIPLICATION BELIABILITY ESTIMATCRS
BY THE SOR OF THE SOUARES OP THE RESIDUES—=—-—===e-=eomccc—ocmcemas 1.0099969
PPER ANL LGWRE EODNDS ESTIMATES EY MAX REL FLLX CHAKGEemm=aec=o-oc 1.0100228  1.0099756
UPPER ANL LOWER BOUNDS ESTIMATES CVER ALL SIGNIFICANT BCINIS-======  1,0179673  0.9030859
FINAL GROUP OVERRELAXATION CCEFFICIENDS AND RUREER GF INNEF ITEFATIONS
1. 30808F 60 1.52964% 00 1.51543F GC 1.4C94CE 0C 1.38€7SE (O
4 4 4 4 oy
CPU AND CLCCK MIXUTES HREQUIRED FCR THIS EIGENVALUE PRCBIEM AFRE 0.007 0.045
FINAL COURSE MRSR IRTERVAL BCUXDARIES
XKESH 0.0 1.765121F 01 6.0¢7519D €1 8.128719p 01 1.101779D G2 1.309249T 02 1.4671649D 02
YMESH 0.0 1.22806C0 071 3.0340060D C1 6.138575¢ 1
ZHESH 0.0 1.00000GD 0C
DISTANCES TO FINE MESH TNTERFACES
1XX 1 0.0 2 12.4813 3 17.6512 4 37.£5¢% 5  50.0986 5 50.0752 7 67.8863
/1% € J4.887% 9 B1.28%2 1€ 91.9318 11 101.865f  1Z 110.1779 13 117.5013 16  124.3943
17%X 15 130,.924% 16  136.%345 17 141.2€37 1€ 14€.164%
2711 1 0.0 2 4.08¢0 3 8.1600 4 12,2400 e 18,2733 6 24,3067 7 30,3400
2/¢Y 8 38.1014 9 45,8629 1€ S3.€243 11  £1.38%57
129 1 0.¢ 2 1.00C¢
DISTANCES TO PLOX POINTS
/X 1 8.8256 2 152864 31 29.38%2 4 44,2752 $ 55,3123 6 68,0999 7 71.4725
17X & 78.1527 9 8€.77:9 1C 96.8163 11 105.6115 12 113.89%85 13 120.9969 14 127.7014
1% 1%  133.%5657 16 13E.7543 17 143.7372
2/Y 1 2. 0400 2 €.120¢0 3 10,200¢ 4 15.%567 5 21.2900 6  27.3233 7 34.2207
2/ g 41.5€22 9 49,7436 1¢  57.505C
3,2 1 0.5000

LEAKAGE 7.47046F 12 TOTAL ICSSES 1.04243F 14 TOTAL PRODUCTIONS 1.0SZBSE 14 REACTOR PONER(WATIS)

PRIMAITIVE PISSITE CONVERSION HATIC IS 1.23325C (0, ESTIMATE PCE CRITICAL SYSTEW IS 1.2629
PISSILE DESTRUCTIOR PER URIT ENEFGY (ATOMS/WATI~SEC) IS 2.9%027D 10

BOUNDARY NEUTROM LEAKAGE

GRP LFT IRAXKAGE RIT LEARAGE TCP LEAKAGE BOT IFAKAGE FX1T LEREAGE BAK LEAKAGE
1 0.0 2.90586D Y0 4.94740C 11 0.0 0.0 0.0
2 0.0 3. 641140 11 4.19278C 12 0.0 0.0 6. e
3 0.0 1.594840 Y1 1.82639p 12 ¢.C 0.0 s.0
4 0.0 6.,200073 10 5.67395C 11 0.0 0.0 0.0
5 0.0 1.677250 1C 1.3%721C 11 €.¢C .0 0.0
suM 0.0 6.23430E 11 6.84702F 12 Q.0 t.0 0.0

GROUF XEUTRCN BRILANCE POR EACE ZCNE

80 0O

ZONE GRP ABSORPIIONS  B#**2 IJSSES 1/¥ 1053 OUT-SCATTER IS-SCATTER P11 IN-SCATTER SCURCE
1 1 1.07€38F 13 0.0 8.0 5.133448 13 0.C 0.0 7. 13496F 13
1 2 2.3017%2 13 0.0 . ¢ 3.7245488 13 S,04649% 13 0.0 2.249298 13
1 3 2.07127 13 6.0 0.C 1.5259 18 13 3.80564F 13 0.0 6.55628F 11

POWEE(HATTS}
2.93012E 02
4.112058 02
2.17600F 02

K~CALC
1.0099992

2.34500p 03

AVERAGE PLUX
2.4B069E 09
9.01306% G9
4,21054€ 09

£9-06%h
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SUR
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SUM

ww W W W
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SUM
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SUH
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SUM

=2 W e N
¥, - VU S

SUM

R R A ]
W W N -

SO®

@ w o Do
[S I VY N ety

3UX

CYERALL NEUTRON IRLANCE

GRP

N E Wl

SU8

1.27316F% 13
2.4362¢08 12
6.97998F 13

5.58662F 11
1.71329% 12
2.80928% 12
2.327758 12
5.916568 11
B.00064F 12

9.63483F 11
2.8677714E 12
4, 161348 12
3.4008¢C2 12
B.6567€F 11
1.20890F 13

1.23854% 11
4.75646E 11
B.52782% 11
7.86862E 11
2.280%86% 11
2.47720%F 12

6.7723(¢ 19
3.110758 11
6.21795E 11
5.96051% 11
1.815038 11
1.778158 12

2.C51¢{F 10
9.93%46% 10
2.045547 11
2.05C3¢% 13
6.643U47E 10
5.95947% 11

2.9862€F 10
1.81797E 11
3.7199¢z2 11
B.B8173SF 11
3.81766F 11
1.84718E 12

2.4624¢<F 09
2.190358 10
5.24%22F 10
1.393878 19
6.79329% 10
2.84138E 1%

ABSORPTIONS
1.25303F 13
2.84983% 13
2.97968E 13
2.11292F 13
4.81722% 12
9.67715F 13

70NE VYOLUMES FCIICH.

[ N R w]
D)
[o-Ne Rl

DOOOOO
© 2 8 o 8 s

DOOCDOO
DOOTOD

DRI
Qoo0ooO

QO DO

OO0 DODDIOD

(=N ReRo N No ]

2 I0SSES

TOTAL YOLUM:

DO
e
<3S

COOOOO
O] DRI
OO

jeNoNoNoleNo]
B
IO MO ey

[oNoNol oY oNe] DL O OGO
+ e 8 IR ) .
PO A0 D OOy

OO.C?OOO
OOy

D Q2 DD LOO
» o 0 LI a e ® & ¢ B
QO D DA DD

<
.

1/¥ 10SS

OO ooocoo
PR
[~ N~ Wl s R~

4.1200%F C§

2.34507% 12
0.0
1.06184F 14

4.25€63(E 12
5.61284F 12
3.07136F 1z
6.4CE338 11
0.0

1.36213E 13

7.4CSS4E 12
8.772348 12
4.,549578 12
9.3€243E 11
0.0

2.16677E 13

9.52483% 11
1.55824F 12
9.43275E M
2. 1€624F 11
0.0

3.67C6zF 12

5.20814EF 1%
1.01910F 12
5.79805F 11
1.64093F 1%
0.0

2.38381% 12

1.57798E 11
3.25623F 11
2.23638E 1%
S.64473E 10
0.9

7.63506F 11

9.06875E 11
1.6304CE 12
1.67622% 12
5.15167F 11
0.0

4,72867F 12

7.47811E 10
1.96437F 11
2.36351F 11
8. 743838 10
0.0

5.89007F 11

OUT-SCATTER
6.5€529E 13
S.63603E 13
2.66393F 13
8,95591% 12
0.0

1.536098 14

1.53096F 13
2.35310E 12
1. 06 1848 14

¢.C

4.22178E 12
S.67944E 12
3.077u2E 12
€.42692E 11
1.35213F 13

C.0

7.28101E 12
8.88826E 12
4.55942E 12
9.39001E 11
2.16677E 13

0.0

9.35961F 11
1.57264F 12
$.u4827FE M
2.17193E 11
3.67062F 12

0.C

£.1178CE 11
1.,028678E 12
€.8075CE 11
1.64503% 11
2.38381F 12

0.0

1.5506 1 11
3.2793¢CE 11
2.23933E 11
5.65821E 10
7.€3507% 11

0.0

8.80319E 11
§.85149% 12
1.56816€6E 12
5.15199E 11
4,728678 12

C.0

7.259138 10
1.9807€6F 11
2.36959E 11
8.14817F 10
€.89C07FE 19

IN-SCATTER
0.0
€.45233E 13
€.7400¢® 13
2.67145% 13
4.96971F 12
1.536098 1%

OO
P
QO

[ Jn Wl v J o I e}
DI )
(=R eReReRe ]

¢ % 8 e a2 e
oo

[~ ReleFo N o)

SO ODOO

DO OOC [« N=NoNoNo =]
DR RO
DOODDO DO OO

[oR-NeR-Neol
)
SO OOO OO OHO

OO T O

N-SCATTER

0.0
0.0
9.449817
2. 36688E
7. 46 156F
2.17491F
8.0

0.9
3.13478E

3.761742
1. 185832
3.U5665F
0.0
¢.0
4. 98219E

6.53539E
2.060287
6.00534E
0.0

-

0.0
8.6557 3E

4. 33505€
1.36662F
3.98346F
0.0
C.0
5. 74150E

1. 4TU94%
4. 456056
1.30018F
0.0
0.0
1. 87400

1. 74158E
5.49032°F
1. 6003 3E
0.0
0.0
2. 3066 2E

1.43611F
4.52734E
1. 3196 47
0.0
0.0
1.90204E

SOURCE
7. 8706 8E
2.48123F
7.23234F
0.0
0.0
1. 00 20 2F

13
12
11
10
12
12
12
10
12
AN
11
09
11
11
11
09
11
11
10
09
11
08
07
06
08
07

06
05

07

13
13
11

14

1.12228E 02
2.6%2448 01
1.06057E 03

1.33446EF 01
B.9€261E 00
6.80276E 00
4.878958 00
2.01753t 00
3.60064E 01

2.30744F 01
1. 40077 01
1.00768E 01
7.12803€ Q0
2.95192E 00
5.71788E 01

2.95846E 00
2.48820E G0
2.08925% 00
1.64925% 00
7.77661E-01
9.9€282E @G0

1.61768BE 0O
1.62730E 00
1.5C569% 00
1.249318 00
6.18918E-01
6.61890E 00

§,9C130E-C1
5.19954E-01
4,9533uE-01
4,297588-01
2,26539E-01
2.16171E €0

QOO
e ¢ s & 0 8
OODOOO

DOOO OO
« s e 8 e 8

SO0 oOQ

FOHER{HATTS)
3.3u437E 02
4.388108 02
2,38570E 02
1.27563E 02
3.31169E 01
1.17250E G3

1.11516E
9.90852E

2.39138E
1.60779E
1.01790E
3.65821E
5.67771F

£.92202E
3.60817%
2.16506F
7.67432E
1.19285E

9.09352E
7.65603¢E
5.36209E
2.12106E
3.75377E

3.20571E
3.22813E
2.49142E
1.03587%E
1.92609E

1.656598E
1.76918E
1.40583E
5.11197E
1.20923E

%.43817E
4.37557E
2.80865E
1.38856%
3.167958

4.61132%
6.64261E
4$.98999E
2.76580F
7.10293%

09
07

08
09
09
08
07

o8
09
09
o8
08

07
08
08
a8
07

07
08
08
08
07

07
08
08
07
07

07
08
08
08
07

0%
07
07
07
06

hy-08Y



POINT NEUTRON DENSITY

1
6.413D
1. 4150
2. 1131
2.653p
3.390D
4. t64p
4. 609D
5.7760D
6,556p
6.978D
12
4.0988D
9.059p
1.3430
1. €63D
2.067D
2. 504D
2.9981n
3.488D
3.853D
&.C47pD

[TV O Y

-

SO NI W

-

THE EELATIVE
1. 0000¢D 00
1. 48467001

06
07
07
07
07
07
07
07
07
87

05
0%
06
06
06
06
06
11
086
13

NEUTRON DENSITY TEAVERSE

{NEUIRCNS/CC)
2 3
6.2610 06 =.80(r
1.382D 07 1.280D
2.063p 07 1.911C
2.5900 07 Z.39¢D
3.310p 07 3.06%p
4.065D 07 32.764C
4.695D 07 4.347%
5.638p 07 5.22Ct
6.399p 07 %5.92°tt
6.8120 07 €.306C
13 14

2.748p 05 1.82(P
6.089D 05 4.062C
3.049D 05 €.12CC
1.125p 06 7.814D
1.396D 08 S.77ED
1.684D 06 1.18CD
2.0070 06 1.402€
2.323p 06 1.617D
2.556D 06 1.77f¢
2.680p 06 1.858p

4.76171p-01
9.11240D-02

06 4.
07 1.
07 1.
07 1.
a7 2.
07 3.
07 3.
07 4.
07 4.
97 5.
05 1.
a5 2.
as 4.
05 5.
05 7.
06 8.
06 1.
06 1.
06 t.
66 1.

9.03722p-01
5.80C17p-02

4

833D €6
067L 07
593p €7
999n €7
553c 07
133D §7
616r 07
340p 07
925D (7
2418 07
15

180p €EF
647C 05
G317 €5
634t 05
282D €£
8450 05
G528 Cé6
2110 06
327p (¢
388L 06

5
3.975D
8.772¢
1.3€9D
1.642LC
2,095t
2.568D
2.960T
3.549D
4.0280
4.2z81L

16
6.%92¢1
1.570¢
2.405D
3.383¢
4.434D
5.411¢C
6.4360
7.405¢
8.1C8L0
8.478¢

LEFT-TC-RIGHT IS
7.510701-01
3.8u4098r-02

THE RRLATIVE NEUTROR DENSITY TEAVERSE 10P-T0-~BOTTOM IS
3.02E61D-01

9.13048p-02
1.00000¢ 0O

2.028300~01

3.802110-01

€
3.248D
7.168D
1.069B
1.340D
1.706D
2.(87p0
2.398p
2.869D
3.250D
3.4888D
17
2.851D
6.3€3D
9.740D
1.374D
1.810D
2.213D
2.€34D
3.030D
3.316D
3.867D

6.13%32D-01
2.66:270p~02

4.8579%4D-01

7
06 2.643D
06 5.833p
07 8.695D
07  1.088D
07 1.382p
07 1.686D
07 1.929p
47 2.301D
07 2.602D
67 2.,765B
04
04
o4
05
a5
¢S
05
05
05
05

4.95273p-01
1.98940p-02

5.96689D-01

POWER DENSITY INTRRPACE FILE EWDINT HAS BREER WRITTEN GB CLL UNIT HUMBER 20
ELAFSED CFU ARL CLOCKR MINUTES ARE

0.5u40

8.230

8
06 2.125¢
C€ 4.6%0D
06 6.98St
07 8.732p
07 1.1C6D
07 1.3470
07 1.541D
07 1.833p
07 2.067C
07 2.1%4D

06
06
06
06
07
07
07
07
07
07

3.96231p-01
1. 21492p-02

€.892130-01

9
1.517D 06
3.349D 06
4.983p 06
6.219D 06
7.871D 06
9.6960D 06
1. 1750 07
1.395D 07
1.5650 07
1.657D 07

3.144070-01
4.968C4D0-03

8.27669D=-01

10
9.744D
2.152p
3.197p
3.978D
5.003D
6.142D
7.456D
8.799D
9.8158
1.036D

1"
6.232D
1.377D
2.042p
2.533p
3.1664D
3.856D
4.648D
S.444D
6. 040D
6.359D

2. 37410D-01

9.33425p~-01

05
06
06
06

Sh-05y



ADJCGINT PROBLEM FOLLCHS
4 TMNERS MIN, 4 IMNERS MAX - CHEBYCAEY EFTA CN CUTELRS
PROC=0,1,2, 3, 4-KCRMAL ,CHEBISHEY, SE¥EY, CEMEX,SE¥EF. ICvR=0,1-1E5,H0 INKERS CONYR, OCY¥R=0,1-YB5,80 CUTERS CONYR.

TTER PRCC ICYFR OCYER FLUX CHANEE MUO-BAE Hy-1 BU-LCSS ACCELERATION PARAMEYERS
1 0 1 1 1.10837 01 0.0 0.0 £.C 0.0 0.0
2 0 1 1 2.2é6430 01 0.18977 24.2784% 0, 165€7 9.23457 0.00030
3 0 1 1 1.176341 CO 0.4631¢ 1.22917 (.36686 0.31533 0.06884
i g 1 0 2.462681T-0% 0.368592 0.45564 ¢€.29%1C 0.43318 0.054G3
5 0 1 0 1. 1€7611-C1 0.42794 0.5¢08€ (C.497¢2 0.27558 0. 14295
6 Y K G 4,74083T-C2 C.40834 Q.45344 00,4684z .5€502 6.05538
7 ¢ 1 G 2,071061-C2 C.4621€ 0.48757 £.4923¢C -0.18891 0.38908
8 0 1 0 1.0325RT~C2 0.53616 0.5089C C,S2%53% 5.17769 - 1.£6029€
9 0 1 ¢ 5.71247T-(3 0.568829 0.558B9Y4 (.S6ULE 2.83604 ~0.66965
10 [} 1 ¢ 3.10582t-03 0.54304 0.5468C 0C.£8211 0.62042 0.38479%
1 0 1 0 1.85479¢-C3 0.68C78 0.6313F (.£5288 -0.17336 0.89624
12 0 1 g 1.187452-(3 0.65223 0.61377 C.€64EE 1.59322 0.2039¢€4
13 0 1 0 B.ZELY42T-CH 0.70766 0.691C0 C.€7%16 0.32915 1. 14701
14 0 3 ¢ 5.16794L-04 0.65213 0.62584 C.€7836 0.85497 0.85863
15 0 3 0 3.6u4485T-C4 0.7186€ 0.7C564 C.6R7C2 0.73527 0.95943
16 ¢ 1 4 2.30699T-04 0.65368 0.63318 (C.€8021 0.60293 0.8710¢
17 o i 0 1«B8065T=C4 0.72567 0.71133 0.€8(62 ¢.81793 0.9%4619
18 0 1 ¢ 1.04058L-C4 0.65598 0.6343%5 (C.€6818 0.931€4 0.88721
19 G 1 ¢ 7.398881-C5 0.72887 0.71111 C.€52793 0.87883 0.93545
20 i} 0 0 4.65495L-05 0.55831 0.62919 0.62292 0.94605 0.9007¢
FOLTIPLICATION FELIABILITY ESTIMATCRS
BY THE SUM OF THE SQUARES OF TRE RESIDUES—--c-wc-c-—m--ccovooccmnaonn 1.0099978
UPPER AN{ LOWER ECUNLS ESTIMATES EY MAYX REL FLUX CHARGEw=-<-=-=c===- 1.0100462 1.0099522
UPPER AND LOWER BOUNDS SSTIM2TES CYER ALL SIGNIFICANT BCINIS-~----- 1.1422228 0.9607270

PINAL GRCUP OVERFELAXRTIOR CCEFRICIENIE AND BOUKEER OF INNER ITE¥RATIONS
1.0%1254F 00 9.133432 00 1.31{0€8 90 1.3744CF 0C 9.30754%2 ¢0
4 4 4 8 4

CPU AKD CLOCK MIXNUTES REQUIRED ¥CE THIS EIGENWALCUE PRCBIE® AFE 0.089 0.274%
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PERTURBATION RESCLTS-——DELTA-K/ JR#LRLTA-S) WBEFE S BEERESENTS RACRO. CROSS SECTICKNS.

ZOHE
1

GRP.
1

2

3

GERE

&
1
2
3
4
5
1
2
3
-3
5
1
2
3
4
5
1
2
3
4
5
1
2
3
P
s
1
2
3
4
8
1
2
3
L}
5
h]
2
3
4
5

TO GRP.
1

4
1

SIGR,SIGR, GEX®2

-1.733594E 01
~5.1778078 01
~2.0551578 01
-5.361814FE 00
«5,7864538-01
~2.915685E-01
~1. 4014248 Q0
~5,539811E-01
~1.461643E-01
-2.5729508-02
-1.0643368 00
-4.820757E C¢C
-1.9380778 00
~5.091047R-01
-B.7428098-02
-3.145789%R~02
~1.844627E=01
~7.11476BE-02
~1.%013738-02
-3.3598388-03
-6.8769838-03
-4.7438288~02
~1.732884%-02
~4,957959E-C3
-1, 1814338-03
~1.1786098-03
-8,4660572-03
-3,0657608-03
~9,1508128-04
-2.3346698-04
-5.11693188-02
-3.%34281R-01
~1.2131738-01
-3.167€728-02
~6.6064782~03
-3.175903e~-04
~3.078468E-02
-$.295813E~-04
=2.777381R-04
-7.C34405E-05

DELTA-K/ (R*TELTA~SIGS)

1.733594E 91
6.248277E 01
2.B93359E 01
7.582558F 00
6.6346218~01
1. 4367062 01
5.1770072 01
2.396721% 01

6, 2876968 00

E3#2
-4, 2€€4872 01
-7.3887208 01
-1.89€7718 01
-3.3851318 00
~3,7¢€3226~-0
~7.2646632-01
=2.01S€T708 €0
~5.1849858-01
~9.3782198-02
~1.77€2515~02
-2.6518748 00
-6.9336838 Q0
-1.8139508 00
-3,2651283~01
~€.035€258-02
~7.8379698-02
~2.65212658-01
-6.659091R-02
~1.219841E8-02
-2.7336862~03
~1.7134532~¢C2
~68.8230398~02
-1.8218998~02
-3,1797758-03
~E,12€¢508-04
~2.9365954~03
~1.219€738-02
-2.8694095-03
~S.BEEELBE-0U
~1.6 11744804
~1.0854008-01
-3.5127288~01
-1.51273648-02
-1.2£25488-02
~2.5%61488-03
-6.736727p-04
~3.93€7252~03
-5. 756607204
~-1.08€3218-04
-2,7217138~05

2.315€858-0 1
1.84752¢Ce G0
1.13489CSE 00
3,98689%3E-01
£.C02117E-02
2.21857748-01
1. 4014242 OC
8.33401332-01

3.0150£8 =01

NU*SIGR
1.643028E 01
5.921547F 01
2.7419168 01
7. 1847378 0¢C
€.Z8€305R~01
2.712585%-01
1.7176458 OC
1.054751F 00
3.9C42578-01
5,574585E-02
9.9428518-01
5.813602% 0O
3.417872E8 00
1. 184841F 00
1.782169E~01
2.9030555~02
2.33C878E~01
1.5958665-01
6.18€677E~02
1.068389¥~-02Z
6.282955E-012
6.2382115-0=
4,7685388-02
1.9594B8E-02
3.C5€E361E~03
1.0745328-03
1.1233338-02
B8.849878E-03
3.7915888~03
7.35586 0804
&,7:45318~02
4, 847567801
2.BE€I5438-01
1.3902898-01
J.CEBETUBE-02
2.896755E-04
4.C7C5208-03
3.1314178-013
1.71€1238-03
4.334108E-04

I1f¥f. COEF.
~1.5748748-02
-8.1¢01060E~02
~1.521269E=02
~3.1124844E-03

8.171450E-06
~2.274908E-03
-6.6C64078-03
~2.498422E-03
~5.176924E-04
~3.363760%-06
~6.073251E-03
~1.7%8£098-02
~6.42%1548-03
~1. 14Q684E-03
8.293100E~05
~2.152601E-04
~9.65€439R~04
-3,788C01B-04
~9.322961E-05
~1.353€6958-05
-3.872756E-05
-2.37E826P-04
~8.8G34858-05
~Z2.227434E-05
~4.3218538-06
-7.451595E-06
-4,.827984E-05
~1.,76045838-05%
-4,684193E-06
-9.735986E~07
«T7.224965E-04
-4.6592328-03
~2.3229128-03
~5.9u4C928E-04
-9.476377E-05

-4, 4€2897E~06

-3.50€243E-05
~1.5€£1278-05
-4 .6751438~06
~9.48T464R-07

1.06433¢R 00
6, 2265638 00
1.66158SE 00
1.2696938 00
1.9117008-01
B.Z€1295E-¢C1
4.8267578 ¢
2.8315CCE 0C

9.8052328-¢01

3.1457895-02
2.826€E62E-01
1.7304072-01
6.T711€0ZE-02
1. 158923F-02
Z.3C1k0BE-02
1.8446272~01
1.2619078-01

4.8%01548-02

6.8769338-03
6.82E3988-02
5.2193528~02
2.1450558~0%
3.9251458-03
4,779015E~03
4.743828E~-02
3.6256598~02

1.4895528-02

1. 1786095-03
1.232139E~-02
9.707734E-03
4.159287E-03
B.069647E-04
8,093785F~04
8.4660575~03
$.6630188-013

2.856752E-03

BIG DADDY =

FOR ALL 2O0KES 1,2,3,.... = [THE IN~GROUDP TERMS MAKE NO CONTRIBUTION.)

5.116318E=-02
4.818048%-01
3.103107e-01
1.505732E~01
3.343929E-02
3.7577628~02
3.5342813-01
2.280515E-01

1.10591¢8-01

1.602643p-14

3.1758038-04
4.463539E-03
3.432850E-03
1.883613E-03
4.752208E-04
2.192332E-04
3.078468E-03
2.370968E-03

1.3C06804E-03

LY-0Sy



N WK

TOTAL SUKS

TOTAL SU¥ IS

-1.2280358-01

-2.1809388-01

~-1.702864E~-01

-1.€370282-01

-2.48445308-02

-6.393316E-01

2,86692F-01

-1.07€0658-0"

-6,157886R-02

-4,367€E5958-03
4.5¢59175-03
0.0

-1.65C7665-01

2.$23992r-01
3.8153068-01
1.99(814E-01
1.025507E-01
2.403714E-02

$.59¢989%~-01

3.087604E-02
5.041294E-02
1.214698R-02
1.6712138-03
-5.1284168-06

9.51C124E~-02

THE FOLLCWING ARE ONCERTAINTY ASSCCIATED WITH A 100 rERCENWT UNCERTAINTY

SCATTERIKG IN THE ABOYE

SUMS OVER GROUPS

2.998545E-01
4.5283338-03
1.578303”-02
5.830154E~-04
1. 4650748-C4
2,623815E-05
3.7590488E-04
3.226660E-0¢6

1.168170E-01
2.0538898-01
1.5721208-01
9.563893E-02
2.2128378-02

ZONE
1
2
3
y
5
6
7
8
SUKS GYEF® Z0NES
GEP
1
2
3
4
5
TOTAL SUMS

TOTAL SUK IS

3.00304GE-01

6.08588E8-01

1.074304E-01
5,0t3€148-03
1.292362R-02
6.0514558-04
1.7786133-04
3.25€5758-05
9,2577358-04
9.4C52068-06

9.6€ECE21E-02
4,8269828-02
2.7314108-03
4.1510158-03
0.0

1.0€2€618-01

TABLE TREATED AS AN EN1ITY.

5.165114%-01
3.2728138~013
1.153070F-02
4.¢9C4252-04
1.0669365-04
1.9406525-0¢%
3,01€795E-C7
1.850918E-09

Z.8C%621E-01
3.744310¥-01
1.94C789E-01
9.907794%-02
2.3C42%7E-02

5.166502B~01

3.57C€28E-02
£.656328E-03
1.502714E-02
7.659663E~04
1.82€042E-04
3.65C859E-0¢
3.156998%-03
2.34C890E-05

2.101176E-02
3.22%€00E-02
7.761944E-03
1.06€367E-03
3.447123E-05

3.92€527E-02

IN THE DATA

{GNCORRELATED), BUT NET

AXBRRRAREXEE LRI FERERANE R AR ISR AP RREEA R E AR AFEE KSR GRS AR R IIR RN IR SRS BRR PR SR F A B A RS DR AR RN R RR R

VORMALIZATION OF IMNPORTANCE MAES IS TO UNIT FISSION

SOURCE I#PCEIANCE POF THE ACTUAL EGCELEM. *
*

¥ULTIPLY BY THE FRACTIIOH OF TAE CCEE TSEATED IF THE VALUDES AFE T0 BE MADE RELATIVE TO THE

TOTAL, BUT TAKY CARE TO YNLERSTANI THAT THBIS IS APPROPRIATE IN 2 SPECIFIC SITUATION,

L3

EAXREEARERRKARRYSFILRAE R TR FRAITEX RN ARR A ARB AR AR IR ARA RS RRIRR AN A BAE SR BRI GERE R KK AR TR R R UM RE R RN
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11 [WEUTRON INBC

1
1.781p=0%
B. 538D~ 09
2.303p-08
4.955n-08
1.08295-07
2. 04707
4.065D-07
6.466D-07
8.545p-07
9,7500~-07

12
S. 147p-12
2.378D-11
6.102p-11
1.230p-10
2.0968-10
3.223p- 10
4.769p-10
6.590D0~1¢C
8,1289~10
3.011p-10

2 80w AU E W RS

b

[~ 2T~ e RSN T I R VU S

-

RTAHCR) HAP

2
1.698p-09
8,1380-49
2. 195p=-08
4.723p-08
3.807-08
1.9518~07
3.8749~07
6.161p-07
8. 143p-07
9.2300-07

13
2.205p=-12
1.0190-11
2. 624p-11
5.3100~11
8.964p~11
1.3580-10
1.975p-10
2.685p-1¢
3.277p-1¢
3.616D-10

{1/¥/8} (CRLTS K LELTA 1/V).

3
1. 45009
6.38¢C-08
1.883r-0¢
4.051p~-08
g.41CD-08
1.6720-07
3.3210-07
8.281p-07
£€.97%0-87
7.9620-07
14
$.08Cr-13
5.20%2-12
1096011
Z.31e0-11
3.9830-11
5.944LC-11
E.55€EC-11
1.151D-1¢
1.338L-10
1.53410-10

i
1.0108-0%
4.83%8~09
1.3050~C8

2,870~ (8 -

5.8230~-68
1.157D0-C7
2.2%6r0=-C(7
3.648L0-07
4.8198-07
5.496L0-07
15

3.519p~13
1.5650-12
3.e85D-12
8.6380-12

. S40D- 11
2.3510-11
3. 3€E8D~11
4.513c-11
5. 4530- 11
5.984C-11

S
6.7898~-10
3.25%31-0%
8,7%0L-C¢
1.884D-CE
3.%02¢£-08
7.7400-CE
1.534L~07
2.432¢-07
3.2C9p-07
3.6581~07

1€
1.1¢7D0-13
5.092E~12
Y.21up-12
2.560T-12
4.€09p-12
7.035T-12
1.¢110~11
1.352L-11
1.€306D-11
1.786C-11

PERTYRBATION INTERFACE FILE PERTUE BAS BEEN WAITTIEN OX

TOTRL CPU TISE IS

0.680 MINETES AND TCTAI CICCK TIME IS

START EXECUTING FEACTION EATF MOLULE

CASE TITLE - 2-D
PRI

BAXINUM ARRAY SI?E OSED FOR INITIAL ER(CESSIRG IS

17X10 - 5 GROCE SEAFCR BRCELER
= NUCLIDE {DIRECT)

BARY SEARCR

STORAGE REQUIREL ¥OR BASIC DATA IS

STORAGE 5
MAXIHMOM STORAGE R
EINI #O® STORAGE F
MOD2SZ = 0 MODE

INTEEPACE FILE KZ

TINE = 0.0

vOL = #,12005
EI¥S = 0.0

THL = 1.08242
TNSL = T7.4704S
THBAL = 0.0

FC = 5.0000¢C
X3 = 0.0
ITPS = 1
NGROUP= S

UPPLIEL IS
EQUDIRED IS

EQUIREL IS
= 0 #CD
FLUX
POMER
2E (056 EFFK
DXDS
5E 14 THBR
6% 12 TNBL
THNCRA
0B~0*' CRTP
X4
NZORE
KCY

10060
2027
1270

I = ¢

.0

C.C
C.¢

t.¢

LU T I [ I T T

8
g

570

1.172500F 03
1.609998E Q¢

C.ET72C9E 13

1.8000G0E 0¢

684

]
4.479p-10
2. 145D-09
5.7745-09
1.238p-08
2.5540-08
5.046D-08
3.967p-08
1.58350-C7
2.0740-07
2.362p-07

17
2.3860-14
9.808n~ 14
2.181p=13
4.441p~13
7.9430-13
t.c120-132
1.741D-12
2.323p-12
2.796D-12
3.662D-12

9.81z MINUTES

)
2,906D~10
1,388D-C¢
3.7280-0%

7.3665-09

1.628D-0¢€
3, 191c-0¢8
6.2700-08
9.857p~-0¢
1.233p-07
1.4700-07

FER URIT XOMBER 37

« SECCRDARY SEABCH = TIBEKSICH

g
1.817T-10
8.6440~10
2.308c-09
4,899L-09
9.8290-09
1.8890-08
3.6720-08
S.715D-08
7.4621-08
8.468D-08

9
8.6260-11
4.06CD-10
1.0680-09
2.226D-059
4.22Q0D~09
7.4450=-09
1. 287D-08
1.9590-08
2.5350-08
2.867D-08

10
3.278D-11
1.527D-16G
3.965D-10
8.,1210-1¢€
1.4610-09
2.407p-09
3.840D-0S
5.616D-03
7.144D-06
B8.026D-C¢S

1
1.253p=11
5.8030-11
1.4940-10
3.027Dp-1¢C
S5.,264D-10
8.301p-10
1.2630-09
1.786D-39
2.2349-09
2.4%1D-09

67~05%



ZONE

?0S. POS.
#BT. 5I6.
1 1

2 2

3 3

4 Y

5 5

6 5

7 7

8 8

10 10
11 11
12 12
13 13
14 14
15 15
ZOKE

P0OS. POS.
RRT. SIG.
b1 1

2 2

3 3

L} 4

5 5

5 6

7 7

8 8

g 9

1¢ 10
11 11
12 12
13 13
15 15
ZOR?

P0S. POS.
HRT. SIG.
1 i

2 2

3 3

4 L

5 5

6 [

7 7

8 8

9 9

10 10
31 11
12 12
13 13
15 i5
ZOWE

POS. POS.
#RT. SIG.
1 1

2 2

3 3

RRACTION RATE AMD FOYER FPROUELCTICH EY Z2ORE

REACTIOX BATEIS HAVYE URITS CF EVENTS/SIC

1
IDENTIFPIER C1ASS
ONIQUE ABSOLUTE
0-16 0-16 ¢
®a-23 ¥a-23 6
CB-N CR-% 5
BY¥-55 HH-55 5
FPE-H PER-Y 5
HI-¥N HI-% S
BO-¥ HO-~¥ 5
TA-1879 TA-181 7
9-238 g-238 2
PU~239 Py-239 1
PU-240 PU~240 2
PU-244 PO-241 3
pPy-242 PU-242 3
55¥9® SSFPP 4
2
IDENTIPIER CIASS
DHIQUF ABSOLUTE
g=16 0~-16 0
HA-23 ¥3=-21 8
CR=-N CR-N 5
¥H=-55 BN-55 )
PE-% FE-N 5
HI-¥ Ni-H 5
HO-H HE- 5
TA-1681 TA-181 7
9=-235 0-235 1
U-238 0-238 2
PU-213¢ PU-239 1
PU-24%0 PU-240 2
pU-241 PU-241 1
SSFP S5¥PP 4
3
IDENTIFISR CIASS
UHIQUE RBSCLUTE
0-16 0-15 ¢}
¥a-23 H2-23 6
CR-¥ CR-¥ 5
¥W-55 BR-55 S
YiE-u Fi-W 5
HI-H HI-H 5
EO-% HO-K 5
Ta~-181 Ta-181 ?
y-235 J-235 1
U-238 0-238 2
PU-239 PU-~239 1
PU-2490 PU-240 2
PU-241 PO~-241 1
sspP 38%P 4
4
IDENTIFIER CLASS
UHIQUE ABSCLUTE
0~16 0=-16 0
®A-23 Ha-23 6
CR-¥ CR-N 5

208E CLASS
IRYENTORY
[K3S)

3.0634012 02
2.003930¢ Q2
1.6355408 €2
2.521034% 01
6.7820128 02
1.30%8822e (2
S.2761432 01
1.01¢1038 01
1.83€305z €3
3.28€949E 02
1. 24 €909% €2
7.1528038 (0
1.8548172 00
$.00€0738 €1

ZONE CLASS
INIgNTORY
{XGS)

2.564529%8 02
1«6775928 €2
1.3725428 02
Z.1i0uB4E O
£E.6775618 02
1.0931708 02
4.41€9208 ¢1
8.456093F 00
45.435482% 00
1.817440E 03
3.909656F C1
1.3212188 ¢
2+ 14C8138-10
6.511993F 00

ZONE CLASS
INVE ¥TORY
[K€S)

1. 7859958 02
Y.16 83128 02
€.8585878 019
1.4697398 0%
3,953932: 02
7.6130778 €1
3.076045¢8 01
£.8890067 C0
3.08€97¢F 00
1.265706E 03
2.722772¢ ¢
9.201263E-01
1.4909098~10
4.53%0952 OC

ZOHE CLASS
IRVENTORY
{KGS)
1.895147EF 02
S.78C5378 (1
8. 0020668 01

1
ABSORET IOW

1.78€13CE 11
1.4€6137E 11
§.70C7048 19
2.977251E 11
1. 42020CF 12
4.861382E 11
1. 178B24E 12
3.5793435 N
2.73160SE 13
3.120111E 13
G.27UEU6E 12
§.059386F 11
4.92u4585% 10
1. U8€C6€E 12

1
ABSORPTION

1.4107552 10
3.1547562 10
1. 165537 11
€.11516C% 10
2.97%2652 1
6.609486% 10
2.96E288E 11
B.21429SE 1¢
1.185974E 11
E.015€3€6E 12
8., 2945228 11
£.338327% €9
£.468C51TUF (O
2. 758937E 10

1
ABSCHET IOW

2.4330288 10
4,706748EF 10
1. 7216068 11
1.3480282F 1
4,4340128 11
1.03€642% 11
4,3828502 11
1.220043% 1
1. 7626068 11
9.093502¢ 12
1.25€627% 12
1. 4280548 10
9.724371F €0
£,41271998 10

1
ABSORETYON

3.12756128 (9
1.013€6¢8 1¢
3.8698538 10

FISSTION

.0
2.0255€3%
¢.0
7.42069BE
C.C
0.0
1.2318S4E
3.1745748
3.903854E
2.589345%
2.034970E
7.798450%
$.354224E
.0

FISSIOR

346 48%
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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 formu~
lations. Relatively simple approximations have generally been used;
these tend to become more sophisticated with development and as experi-
ence in application grows. As with any of the more active programs,
modifications must be made to extend the capability. The origirators
plan to upgrade the coverage of the programmed equations ag appropriate;
othners 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 nobify

us of the changes they have found to be desirable to make.

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 macroscople sense, scattering
and the diffusion approximation to neutron transport. Quite gernerally,
an accounting of the neutrons in a system at one location and at ons
energy may be done in the form

[
t

i

= Sources — Losses — Net Transport Loss , (701-1)

<
[e %10
=

o "

where v 1s the neutron veloclity, and g% is the time rate of change of
the neutron density. We are not concerned here with the dynamic problen,
but rather with a steady-state condition or static approximation to the
neutrvon density. For a steady-state condition, it is necessary that the
rate at which neutrons are added is egual to the rate at which they are
removed, locally, and therefore over the whole system treated. AL any
location there may be generation of neutrons through the Tission process
and other sources not related Lo neutron reactions, ln-scatitering to any
energy from other energles, 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 approxi-
mate this condition. Any problem describing a geometry, ruclide concen-
trations 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.

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 egual
thisz adjusted source rate, a pseudo steady-state condition. The multipli-

cation Tactor is defined as

_ neutron generation rate
€ neutron loss rate

. (701-2)
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A critical condition is one at steady state for which k., is unity. The
pseudo steady-state equation with the diffusion approximation to trans-
port for the neutron flux at gecmetric location r and energy E using usual

macroscopic nuclear properties 1s expressed as

+ DI’,E BC‘LE) ¢T,E

; l A n .
= J ZI',E‘"*E + EXTJE (\)Z)f,r,}i‘ VJI’}E‘dLY . (701“3)
B’ -

The continuous encrgy spectrum is divided into discrete energy groups,

and usually a simplificaticn is made in the transport term,

=D V5 e, By L, t Y + D B ¢
e r,e a,0,8 = B,L,8™0 r,g T ig) tr,g
-3 (= c X () ¢ (701-1t)
~5,T,n7g k. LG T, r,n r,n °
n fsoy
Where
V& = the Laplacian geometric operator, aé; + aaﬁ + acﬁ in
dx~  Jy° oz
slab geometry, cm™<,
Or,g = the neutron flux at location r and in energy group g,
n/sec-cm?

Za,r,g = the macroscopic cross section for absorption, normally
welghted over a representative flux energy spectrum,
em ™t

s, oo " the macroscopic cross section for scattering of neutrons

202

from energy group g to energy group n? (a set of these
makes up a scattering kernel), cm™!,

D = the diffusion coefficient, normally one-third of the
reciprocal of the transport cross section})@n,

B, . = the buckling term to account for the effect of the lapla-
cian operator (leskage) in one or more orthogonal coordi-

=2

nates treated explicitly, em™,

a, . . . .
The in-group term g»g is excluded from the calculation.

b . . .
Coordinate-direction dependence is permitted without effect on the
value of D used for the buckling loss.
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VEp . o = the macroscople production cross section (v is the number
250

of neutrons produced by a fisslon and Zr is the cross sec-
tion for fission), em™,
= the distribution function for source neutrons (normally

> X, = 1:0, but provision is mede for it not),
g

ko = the effective multiplication factor, the ratio of the rate

of production of neutrons to the rate of logs of neutrons

from all causes, an unkaown to be determined.
FEq. T01-lk is called the usual neutron flux eigenvalue problem in this re-
port. There is no provision in the above expression for fixed, external
sources. 'The level of the neutron flux 1s not defined by the equation
apbove. It can be whatever the investigator wants; however, there is no
account made of temperature effects associlated with changes 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 systen deviates from critical. The more positive the value
of (ke — 1), the faster the flux level would increase; the more negative,
the Taster it would decrease. The effectiveness of control rods is
directly measured by the decrease in ke associated with rod insertion.

The difficulty assoclated with determining critical cenditions and
aggocliated high cost of computaticn to support anslysis effort have
directly caused extensive application of this usual flux eigenvalue
formulation in analysis of reactors. It dis dimportant to recoguize, how-
ever, that the conditions estimated for a system which ig not critical

only approximate the real situation of reactor operation.
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A Simple P1 Treatment

A first order correction to diffusion theory is possible by application
of the consistent P, equations. These arc examined here for the usual

elgenvalue problem in the Torm

VI + I = %vazf@dE' + f'?is%dE' H
(701-5)

_— - e 1 g
Ve o+ 35.d = Jrgtdant

where the equations are for a point in space and energy, the integrals run

over the enexgy range of interest, J is the current, ¢ is the scalar flux,

240 is the in-scattering cross section, and Igt 1s its first moment.

()

The diffusion theory approximaticn of the neutron current gives
J =DV ; (701-6)

~VDVUp + Lo = %X’f\)ifgde' + (1 0¢am! (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
1 b

D - 3{2t — } , (701-8)

— e f]lﬂw
35 TS Jak

or a common approximation

1
3{za + (1 wvﬁo)zso}

e

D

In a simple Pl form, the equations may be cast as

— kg2 = E g0 4 [y Opamt - - Ao oag.
T VO + 2 - =X [vrpgast o+ [z Opar S [sg?v-gar ,  (701-9)
and the V-J term is given by
1 .
VeI = EX V@B ¢ [500dB' — 1ig . (701-10)

In multi-group form the P; equations chosen for implementation, with

in-group corrections, are
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- D(n,r) v2¢(n,r) + L.(n,r) ¢(n,r) = S(n,r)

~ D(n,r)Y 2s (m-n) V-J(m)
m#n

where

S(n,r) = %‘X(ﬁbrﬁz:vzf(m,r)¢(m,r)<k Y 5P (mn, ) glm, )
h m

m
m#n

v-J(n,r) = 8(n,r) — Zp(a,r)p(a,r) ,

D(n,r)

g.(n,r) = 2.(n,r) - 55°(n + n, r) ,
where the argument r refers to space and n and m to energy.

We note that if the finite~difference equations are summed, the
Pl 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 happer: at other energies.

If one examines the spherical harmonics equations for P, truncatioun,

1
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
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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 demonstrated.

A remark is in order about the representation of boundary conditions.

The simple P, approximation is programmed to use only the usual diffusion

1
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 non-return
boundary condition may require special atteation. 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 Pl formulation
implemented, not regular 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 calcu-
lated 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 is 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



T02-1

Section T02: Finite Difference Representation
of the Laplacian Operator

The Laplacian operator 1s to be represented in a finite-difference
form. First, the finite-difference mesh will be examined. The equations
wlll be developed for the three~dimensional slab; for fewer dimensions,
the extent in the untreated orthogonal directions is consldered to be
infinite and contributions from these simply drop oubt of the cguations.

Consider a traverse in space direchbion r. A reglon is traversed
between r; and r, boundaries or material interfaces. Input data speci-
Ties the rmmber of mesh points to be located between r; and vy and the
spacing A = r, — Iy across the region.

Figure TO2-1 presemnts 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,3,m)
is (x4 = x5.7) (yj — ¥j-1) (2y = 2.q) where these are locations of the
surfaces of the Tinite-difference element.

Neutron leakage from (i,j,m) to (i,i,m-1), L(z,.q), through the front
face of area (xi — %3_q) (yj _yj-l) is approximated as follows. Let A
equal the unknown flux at the interface. Leakage out is given by approxi-
mating the flux slope at the surface by the average within the element

(vetween the central point and the surface),

3 (YJ “‘Yj,l) (Xi - Ki~l)

(- = Do o . A
(Lm-l) L,d,0 [(DlJJ PR t ] P T 2l ’

2

where Dy 3,m is the diffusion constant at (i,j,m). Similarly for inward
2d 2

leakage from the adjacent finite element,

(YJ h'yj-l) (Xi - Xi~1)

- L(Zm-—l) = :D?-L, J,m-1 [®i;j7m—l B AJ' ] Zn-1 T e '

2
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IR L O

e,

i+, 3,m

Finite"differean element
having uniferm nuclear

YJ -1 / ~
I l Zm_l bProperties
X.
Xi-l 1
i,J-1,m
face Z‘m—l

Fig. 702-1. The Seven-~Point Finite Difference Mesh.
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Eliminating A, from the equations gives

Q(YJ - YJ-l) (x5 = %4.7)

L(z = (@5 5 0 — @4 s p-1] « (702-1
(7-1) Zy 7 Bgel Zgel T pep) Pi,0m T P,m 1] (7 )
A}.

Di,j,m. Di,j,m—l

Since the term which multiplies the flux difference is simply some

constant, Eg. T02-1 reduces to the form
L(Zm—l) = Ci,j,m,m [¢i,j,m - ¢i,j,m—l] . (702-2)

It may be noted that within a region having uniform nuclear properties

and uniform mesh spacing,

. (75 = v3-1) (5 = %120) Pijom Coreel . 1o .
SN = inoerngd s.Lan geometry.
i,J,m,m~1 <Zm_— Zm-l) s 2 & 1

. 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 sectiomn.

The leakage from the whole element 1s given by

B

L(Zm) + L(zg-1) + L(Xi) - L(Xi-l) + L(Yj) + L(Yj_l) =

®i)jym [Ci,j,m,m+l * Ciajym;m"l + Ci,j,m,i+l + Ci,j,m,i”l * Ci}ij:j+l

N

Cs 5,m,5-14 7 Ci j,m,m1l Pi,5,ml ~ Ci,j,m,m-1 B, m-1

= Ci,5,m,i41 Pit1,3,m T O, ,m,i-1 $i-1,3,m

C_ . . ) a . - P > N - ) . . . 2-
i,3,m,3+1 $19J+l)m Ol)J;m)J—l ®lJJ—l)J (702-3)

For a zero gradient boundary condition, the associated Cﬁ}j’m,m“l constant

is set to zero.
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For an extrapolated boundary condition, external or internal black

boundary, the flux slope within the finite~difference element is cxtended.

The boundary condition to be satisfied at the element surface is

- D
¢q

e

s = Cg s (f02-b)

where Cg 1s a specified constant.%
Let ¢1 be the lnternal flux, ¢, be the boundary flux, and A be the
distance to the boundary frai the internal point.

A linear approximation of the flux within the element gives

_ 99
3% A ?
or
. ox | s A

Representing the normal area by An, the boundary leakage from one

Tace of an element volume 1s given by

b~ (f"“‘}ﬁ“) ; (702-5)

which gives the required constant for Zg. T02-3. Of course, the external
leskage 1s considered lost fram the system, but leakage into an internal

black absorber is accounted for as an absorption in the region.

a
A default value of 0.4692 is used for C . Suitable group-dependent
values which will reproduce the ]oakage condition must come from
appropriate neutron transport calculations for a specific SLtEathH.

An approximation which may be useful is Cs_g 0.4692/(1 - n + EE).

s
There is also a correction for a curved surface; multiply C_ by some-
thing like (R+.5)/(R+l.) for a black sphere teo reduce it asR decreases.
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An alternative fomulation for the extrapolated boundary condition
is possgible. Consider Eq. 702-4. Direct integration vields

. —CSX/D )
e 5 (702~6)

and the leakage constant is given by

g

¢ ~C _A/D, ,
Ls,n =~ Dih 57|y, = 8.C04e 5 1 (702-7)

This asswues an exponential shape of the flux between the internal point
and the surface, rather than linear. At the time this is written, it is
intended to offer the choice between the two as a user option, or adopt
the better of the two if it can be identified.

The repeating boundary condition causes lux valuess at opposite ends
of 2 row to be coupled so that the row ig 2 closed loop. For 90° rota-

tional symmetry, coupling 1ls from the righb-hand edge column to the bobttom
edge row. Similarly, 120° votational symmetry is treated for the triangu~
lar mesh problem. In all such problems, the appropriate physical boundaries
abut and the adjacent oolnt flux values couple as across ary lnternal in-
terface. For 180° rotational symmetry, the right-hand edge column couples
with itself ianverted.

For curvilinear geomebries, the surface areas of the Tinite-difference
element faces must be used which lead to somewhat more involved equations
than above. The Tinite-difference element is illustrated in Fig. 702-2.

FPor the special treatment of hexagonal and triagonal finite-difference
elements, leakages across the individual volume element faces are fTormu-
lated in the same manner as for slab geometry. The three~dimensional
preblem in hexagonsl geometry involves eight nearest neighbors, gix on
the olane of the hexagons. In triangular geoametry there are five nearest

neighbors, three on the plane of the triangle. The hexagcoml formulation
Cy J i 1503 =

s

is @ high-order mpproximation to the situation (which may allow a rela-

)

tively coarse mesh). The triangular formulation is of low-order and some-
what less reliable, especially since the next ring of points beyond the

nearest nelghbors are relatively clcose bul not congidered.
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The mesh-point layout for the various geometries treated is indicated
in the campact display in Table T702-1.

The special boundary conditions considered are shown in Fig. T02-3.
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 orientations for triangular

geometry in detail, and Fig. 702-5 the layout for hexagonal geometry.

ORNL - DWG 74-6645

rp (8 = 9,)( 25 = 2,)

NOTE: 8 IS IN RADIANS ; WHEN THE CIRCLE
IS CLOSED, 8 SPANS 27 RADIANS

Figure 702-2. Cylindrical Finite-Difference Element



Teble 702-1. Layout of Meshpoints.®

] c
System Slab Cylinder Cylinder Sphere Hexagonalb Triagonal-
Reference X v 8 R R 7 R X v X v
Z 7 Z Z
Geonetry X-¥Y=Z &-R-Z R-Z R H-Z T=-Z
Specified regilon A A AW AW AW AW
dimensions i _ -
2 % &, by =dy A=y
s, By & &,
Specified inmternal JX,Iy,MZ JT,IZ,MG I, I Jx’Iy’Mz Iy LM
mesh points
Dyhg bier, A )
Volume of region DD, —5——(r§—r§} il (28 -<f) g—(rg—rg) DAL Ayéyazﬂg

&volume about each mesh point = volume of region - number of internal points;
mesh point locations are at finite-difference cenbroids.
bOn a plane the Y coordinate is rotated 60° from the X coordinate.
©on aplane, the Y coordinate is rotateg 120° grom the X coordinate
in one optiom, 60 din another option, or 30. or 90 as special cases
(shown in Figure 702-4).

).-20k
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Special boundary conditjons 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 PERIODIC BOUNDARY

\\”“dummy boundary

X1

OLAB

90° AND 150° ROTATIONAL SYMMETRY

—— SIES
xllo
| |
0 | !
L | x{1o
] Lo

{ |
120° AND 60° ROTATTIONAL SYMMETRY

.“}.,_,1

“‘”’“""‘“’“""7
/
/
/

Triangular, 120° Coordinates Triangular, 60° Coordinates

Fig. 702-3. Special Boundary Conditions.



ORNL-DWGE 74-6654

80° TRIANGULAR GEOMETRY

(REPEATING BOUNDARY CONDITION ON (THE ACTUAL POSITION OF THE
CPPOSITE FACES NCT ALLOWED) HEXAGONAL ASSEMBLIES MAY 8E CHANGED-—-

SHOWN 1S ONE PCSSIBILITY)

9C° TRIANGULAR GEOMETRY? {20° TRIANGULAR GEOMETRY

R = RCTATICNAL SYMMETRY ABOUT THIS POINT ALLOWED

%ot implemented in first release version.

Fig. 702-4. Orientation for Triangular Gecmetry

6-20L
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ORNL-DWG 69-5587A

LEAKAGE

SURFACE

[¢]
60

W

- b“’& 5

"3 wh
@&
0\
o
O .

Figure 702~5. The Layout of Hexagonal Geometry.
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Accuragx

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 point centered approximation
is slightly lower than that obtained with mesh points located on material
interfaces. O0f course they are identical within a homogeneous 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 Iintegral quantities
(k) as well as estimates of local properties (power density). We believe
that experience is the best guide here. It 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 each zone of uniform composition. About the
same mean free neutron path length between adjacent points is desivable
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 of
a very small finite-difference volume at one location will 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 formula-
tion is not precise; an error is associated with the approximation. This
error may be larger than a casual user may anticipate. 1t 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. he precise and finite-difference
solutions for the flux are separable in space, the precise solution being
$(x,y,2) « cos (mx/2L) cos (wy/2L) cos (mz/2L) with reflection at the
start of each coordinate and zero flux at the exireme. Normalizing the

flux such that its volume integral is unity,

’ 3 ; PRSI .
cvoz) =L TV cos LT Lo [TV cpg (12
$(%,v,2) \ o1 cos i gy, cos| 5y ) ces \ 7L /

The leakage rate at one surface is, typically,

09 (x,y,2) | I ".‘f_.z
Df f ax ] dy dz = ”\21) ;
y oz tx=L

and
VI
ke - *-————-"t""-“—”"""-— N
¥+ 3D( - ?
a \\ZL*
containing the familiar buckling term, Be = 3 (n/21)".

The result for a finite-difference formulation depends on the lo-

cation of the mesh points. Generally,

Vo
A

Ti
Yoy 4+ pe?
a n

k4
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and

ds

g
B2 = 2

) ¢ 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,

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

(25 ~ l)} cos[ (21 - l)J

o T I [
q)(ﬂ,.],l) = A cos {_Z}“N (2]:1 - l)J CcoOs .»Zﬁ

The surface leakage at x = L is estimated by assuming zero flux at x = L,

X
. 8

_09l L %f;s - (2%)¢(N,j,i)

= A ('%?j)cos MAN (2N - 1)] cos,ﬂ« (25 - .)] cos [,“m (2i - 1)7J

= —E-\{cos ! os‘lﬂ?-\ in! ﬁ-\sin( u \}
AT A IR DL

X cos | — (?] - 1) cos L< (24 - 15]

NN L 1l [ . [
= A (*i2)51n<;4N’>coq( W (25 - l)J 0094 QV (2i - “)j
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The integrated flux is obtained as the sum

Joax=alomsn|l
n

coal B Yoo T 25 - 1y T s 1y ] . TS
A\\N Jeos | ow (23 l)J cos . (24 l)J dgl cos LQN (2n 1)J
cos-~E\\sin/-i>
- A L P . . . 4 N4
AW\N /cosg S (23 1)1 cos S (24 D e
sin \Zﬁ.)
T (os | T o — 1y
R ‘L cos L4N (25 1)| cos I (21 1)L
2N sinliﬂ-\ ’
\ 4N/
3 & sin(—”«ﬂ2
B2 = L 4N
N /1 \ ?

Z N

e R }2
'3{ L/’Sm\/T-N/>

Note that for large N, sin (n/4N) - w/4N, Bi + 3 (n/2L)2, the precise
result.
The more general solution for a different nuwmber of mesh points

along each coordinate follows directly,

A R 23 . }7 f AN
2 — oo D T B “ f ER it A
B, 0,1 { Losinlgg ) { I. "ln‘\4J) YL Sm\ﬂ)}

Comparing the finite-difference solution to the precise one, the ex-
pressions for the flux are identical except for normalizatiom. This

aspect limits the generality of this assessment.
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The error associated with any point flux value is given by comparing
normalized results. Normalizing to the same loss rate, absorption plus

leakage, yields

SIS U+ 082 0(x,y,2) dx dy dz a
i 2 ) C L A > .
n:?,iLEa + DB§3J’IJ l»ﬁj‘f U')(rl’-]’l) ’

and the right hand side is easily obtained by the product of averages

along each coordinate. This leads to the relative error

¢ (n,3,1) - ¢ (x,V,2) ="’ L_P 3 . L /E Lo (T
(5,7, 2) \ﬁ) NJI 51n(\4N> sin \4J> sin \41)
D .2
1+ za Be
" 1+ 2 g2 e
L N,J,I

1 ’ 277 - 2 / 2 T N\
- i) NGg) " ) (e

D (Y[, -,U/L)Z g HZ}J
1+T\2L> [3'31‘\4N + 73 +UL)

Thus the error in a point flux value depends on the problem, and it depends
on the mesh, each coordinate wmaking an iondependent contribution. Except

for a small number of points, the error decreases as the sum of the re~-
ciprocals of the squares of the numbers of mesh points along each coordinate.
Doubling the number of points along each of the coordinates would be ex—
pected to reduce the error by a factor of 4.

Consider the error in an integral quantity, namely the multiplication

factor. Since
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v

%+ DBZ
a N,J,I

the error is given by

D (2 2 )
B - B -
kN,J,I - ke _ Za e N,J,I.

D o
ke 1+3 BN,J,I
a
Do ¥ im Y ;{L\?‘J
323‘&41\1’ HAARE "\41)
. D/ 2 177 V¥ U 2 [ 2}}
L+ oo/ 13- 510aw) Yl +\41> |

a similar variation to that obtained above.

The Leakage Operator FLrrvor

Consider the finite-~difference approximation to the leakage operator.
If the flux and derivatives were known at a point, the flux at a neigh-

boring point is given by a Taylor expansion as

5(8) = 6(0) +a 22 8z 3% A% 3% At 3t

o T
. 2 3x” g 6 ax3|y 24 ax"l,
2 a2, 3 03 b
d)(..A) = fb(O) - A .ai -+ é,._ _a.i - _A__E.,...(P_ -+ A_M - aee
aXiO L BXZIO 6 3X3 0 24 8XLf 0

where A is the mesh spacing. Summing these gives the central difference

approximation for the Laplace operator,
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020 _ $(A) + 3(=8) - 26(0) _ 42 2%

8% A2 12 ox" 1y

Thus the errvor from dropping the higher terms is to the order of the
mesh spacing squared, so the error is ewpected to vary inversely as the

square of the number of mesh points.

Application

Consider that a calculation produced a result V; with a mesh of
Ni, J;, and I; points. A second result V, is obtained with N,, J,, and

I, points. We expect that

Vi -V o
V, SV T,

@1V2 hd a2V1

e a3 — Go

where

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,



702-18

’ 2
V() -| E} V(M)
V(=) = = ,

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,

not is error assessment of a coarse mesh result reliable. The reliability

of such extrapolation in application to the general multi-group, compli-
cated geometry problem is unknown. Extrapolation of integral quantities
should be more reliable than of point 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 in mesh points be made along all

coordinate directions in each zone.

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

2 YOUT

thivee—dimensional case:
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Space Mesh (M) k(M) (%jé 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 soved 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 T70h: (Caleculation of Macroscopic (ross
Sections, Normalization and Edits

This code is designed to use mlcroscopic data for individual nuclides
to take into account changes in the concentrations of the muclides. It
may be practical in some situations to use a pseudo non-depleting nuclide
concentration of relative density and assoclated macroscopic crossg sec-
tions.

The basic equations used for calcuwlation of macroscoplc cross sec-
tions are shown below. For sub-zone concentrations, the effective zone
concentration of each nuclide is taken as the sub-zone concentration
times the ratlo of the sub-zone 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 determlining mass
balances.

Conslder some zone within which each nuclide has a uniform, smesred
concentration N. The usual cross sections are calculated as follows with
Lndexes a-absorption, f-fission, tr-transport, s-scatiering, and g and
k-energy groups, z-zone, and n-nuclide,

by I\
A,8,4% o 0,7 OéJn)g ?

Z""“r o o :::Zl\] o
284 o n,z tT,H,g 2

) v oo,
where L1,0,8 vn;o af}nig ’
and VSZ
oo N =M + M —
n,2 n,zz 2 n,sz V_
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where Mn is the concentration of nuclide n in zone z, q, is the volume
z
b

fraction, M
n

—

is a subzone concentration and Vsz and Vz are the subzone

and zone volumes respectively;

D = < ]; 2
827 3 Mgr,g,z
— )
Zs,g—*k —%:Nn’z A (704-1)

For the diffusion-approximation calculations, each Zg gp is set to zero
S 588

to avoid slowing the rate of convergence of the iterative process.

The equations used to determine reaction rates are as follows. The

reactor thermal power level, P, is determined by

b}

C —~ ~=
b= —LZVZZNn 7, XHZ® Z O¢ n,e Ynlgﬁj 7 o n ’ (70&—2)
Co - o » = g, FR p g, 0,8

where X, is the nuclide thermal energy watt-sec per fission, Y, is per

capture, C, 1s the specified fraction useful power, C, is 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 Eé 7
2

are gimply volume welghted over zones at each energy,

2 0 Ty
;€5 08

E yo ’ (701“?))
2,72
2 v,

i€z

where i refers to a mesh point (and its associated elemental volume).

Given the microscopic type of energy data, not group dependent,

1,7

Wg ” :%;Nn)z (Xn of,n,g + Y, Uc,n,g> s (70L-14)

>

then

c _—
P - é?vz 2y 5 By - (‘70h-5)
&
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That is, the normalization of the results of a caleculation is to & desired
thermal power level based on the sum of contributions associated with fis-

sion and capture.

Edited results are based on the flux level required to satisfy the
desired power level. Point flux and zone average flux values are dis-
cussed above.

The local power density is given by

=

1 =2V B e (70%:-6)
g

where 1 is contained in z. For traverses, the maximum value of H; is

found and values along each of the coordinate directions edited.

The local neutron density is given by

1
Ny =D 5 05 o s (TOk-17)
. 2E
g 8,4
where v is the group neutron velocity associated with point 1.

g.2
When an edit of the "Reference Fissile Conversion Ratio" is found,

it is the ratio of the rate of capture (n,a) in the defined fertile
nuclides divided by the rate of absorption in the defined fissile

nuclides.

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._____ ™ 7O
Ag=XT 9, ('705-1.)
e

Where A is the transport, scattering coupling, and loss operator; F is

the fission source, a tvow operator; y is the source distribution function,
a column operatora; ¢ is the neutron flux vector; and k is the multipli-
cation factor to be determined which effects a pseudo séeadywstate condi-
tiomn.

Eq. 705-1 has the solution

4

1 -1 -
¢ = -r—A IXF (;b (TOS““{)
e

where A™! is the inverse of A, A™'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 interative procedure is
used which takes advantage of the sparceness of both A and F.

Eq. 705-2 may also be expressed as

(A7IXF — k, I) ¢, (705-3)

aXF could be a matrix, not separable.
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indicating that ke is an eigenvalue of A”!yF. We hope that any flux
eigenvalue problem to be treated has a unique, most positive eigenvalue

in the set of all of them, ke =ky > ky, > ... . The requirements under
whtich this is the situation have been Studied.b’c 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 x¥). Further,
the solution vector ¢ is unique and each component = 0, but only 1if 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=xF¢+ S, (705-4)

not an eigenvalue problem. Occasionally F = 0, as for deep penetration
shielding problems, especially applicable to exteuding a solution for a
fueled region to a remote location by an auxiliary calculation. TIn
reactor core analysis, fixed source problems have been used mostly to
play computation games. However, there are special situations which re-
quire this formulation, as for analysis of the start-up condition with

a source inserted in the reactor.

For usual situations there is a neutron density distribution asso-
ciated 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
fixed source calculation is to determine the neutron flux level asso-

ciated with the source.

PG. Birkhoff and R. S. Varga, "Reactor Criticality and Nonnegative
Matrices,'" J. Soec. Ind. App. Math €, p. 354 (1958).
°Rr. Froehlich, "positivity Theorems for the Discrete Form of the

Multigroup Diffusion Equations,' NS&E 34, p. 57 (1968).
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When F is non-zero, there is a sensible solution to Eq. 705-4 only

if the related problem

A ¢ =r—XF ¢

1
Ke

is subcritical, ke <1, when S = 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

P N * .
Aty E:(XF)J% , (705-5)

where the superscript t refers to the transpose of elements about the

diagonal (interchange of rows and columns). 1In diffusion-theory repre-

sentation, 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, I{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

functicn 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 problem

to be reversed for the adjoint problem, namely vI(g)yx(n), or tht, if

(xF) is separable.
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The eigenvalue of the adjoint problem is the same as that of ihe
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. In this

case the perturbation changes k requiring that it be determined as an
e

unknown .

The adjoint fixed source problem is of special utility in analysis
of the effect of pevturbations to the system on some specific local ef-

fect. The problem to be solved is

t “t ., . I
A% = F oy ¢% + 8%, (705-6)
and the appropriate source, S* must be supplied for this adjoint problem.

As noted before, the system must be subecritical.

When an adjoint problem is of the eigenvalue itype and directly fol-
lows 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 1/v search and the 1/v

loss terms are included in the adjoint problem.

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 wade in nuclide concenirations or

dimensions.

An adjoiot problem may be solved in an access o the code block
without first solving a regular problem. This problem may be an eigenvalue
problem, or a fixed source problem for which there way or may nol be a

transposed fission source.



705-5

Criticality Searches

The primary application of a code block designed to solve neutronics
eigenvalue problems is analysis of reactor core conditicns. 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.

The criticality search problem may be expressed in a general formu-

lation as

(A ~ =XTF)¢ = By , (705-7)

where ke is the multiplication factor to ve 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 con-
taining no fissile material cannot be made critical unless fissile mate~
rial is added to it. A mathematical solution which involves negative
nuclide concentrations or ones which exceed physical limitations is

usually not acceptable.
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A unique 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 (mathematically) 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 criti-
cality search problem. The automated procedures seeck 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 solution.

The sophistication of the treatment in a code such as VENTURE in-
creases with development. At the time this documentation will be published,
it should contain the basic capabilities described herein. An extension
over simple procedures has been incorporated. Consider that concentrations
of nuclides have been adjusted in accordance to specifications, but the
problem soluition is found to be unacceptable. Let us say it took more of
the described fuel as makeup than is available. Adding the alloted amount

of this fuel, and then searching on a secondary fuel mixture is possible.

The basic criticality search problems treated in the VENTURE code
are described below. For several of these, Eq. 705-~7 is recast in the

form
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where xP 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. For such problems 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, DBfV. The local value of the diffusion coeffi-
cient D is used, the local volume V, and the buckling Bl which may be
energy group and position dependent. 7The 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 (ABL) to effect a solution.

As programed, A-1 is determined during the iterative procedure.

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 ) iz a multiplier on the reciprocal velocity sink
term which effects a solution. If A is negative, a distributed source

has been added to the system.

This calculation determines the prompt wode time constant. The dy-

namic neutron balance is considered in the form

s (705-9)

where yx is the neutron density and v is the neutron velocity. The

asymptotic neutron flux mode is formulated by assuming that
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Substitution of these into Eq. 705-9 leads to the form of Eq. 705-8,

P = 0, with » identified as o, a time constant usually associated with
a prompt neutron mode (no contribution from delayed neutrons), and Q is
v-l, A suitable value of ke must be specified and the results properly
interpreted, but coverage of these importaunf details is beyond the scope
of this document. 1t 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

k for the system.
e

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 calcu-
lational effort than required to solve the corresponding usual eigenvalue
problem. It is assumed that the nuclides for which concentvation changes
are to be made make 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.

The concentrations of certain nuclides are to be changed in the sys—
tem as necessary to satisfy a desired value of ke. Given specifications
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
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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:

LEN :;Mn,r(o) T
!

Lq)r)g ::\Z‘lAND}I_(O) A af,l’l »

1 . a . . .
where sums are over the search anuclides. Given an itervate estimate of

the neutron flux, an overall neutron balance may be formulated as

1
l‘;-__ P + - A + —_ I,Lt = )\ [AS - % -

where Pt is the summed neutron production rate for the system; At is the

summed loss rate, absorption and buckling, for the system; Lt is the sur-

face leakage, and

b SEVER
s Ve latp x,g Pre

i =

- o
= ’ N T &
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" o
f‘:)

V _ being the region volume, and ¢ o is regilon average neutroon flux in
r rs8

group g.

a . . .
Account for volume fractions, and for vclume ratios in the case
of subzone search, is not shown.
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Solving the above equation for the unknown eigenvalue gives

A= . (705-11)

Thus from an overall neutron balance, an estimate is made of the eigen-
value of the nuclide concentration search problem. With this estimate,
the usual iterative procedure may be applied; account is taken of the con-
tributions 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 proper-
ties, the nuclide concentrations are updated at convenient points in the
iteration cycle, and the macroscopic cross sections and equation constants

are recalculated at this point in the calculation.

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 kp) 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 vesults, 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 Ilteration 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 analvst wanting results and not much concerned about
how they are obtained. 1In 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 =M ¢t~1,n + Sn ’
a set of coupled linear equations where ¢t,n represents the point flux
values for inner iteration t, outer itevation n, M is the operator
(coupling terms) and Sn represents the point scurce 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, M above is appreciably
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altered from just a simple coupling operator; it may depend on n and t,
The number of inner itervations carried out on one space problem each
outer iteration is a key variable.
Quter iteration on an eigenvalue problem may be viewed as solving
the matrix equation
1

¢ = (E + P XF) ¢n~l ’
n-1

a set of coupled equations where ¢n represents the point flux values
for outer iteration n, £ is a space, energy coupling operator, F contains
the terms for neutron production from fission and X is the into-group

distribution function, and kn is the estimate of the multiplification

~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 calculation 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 1is reversed.

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 repcecatedly 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 rhe 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
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decayed away. Two succeeding 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 considerations 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 the maximum relative flux change between successive
iterations. This quantity is used in the implemented procedures to
evaluate the behaviors of the inner iteration and the outer iteration
processes. Also the ratio of the sums of the magnitudes of the flux changes

is used on outer iterations.

Remarks on Optimum Strategy

If the optimum number of inner iterations is very few, perhaps even
one, a relatively straight-forward and effective procedure can be identi-
fied and applied. If the optimum number of inner iterations is large, a
different relatively straight-forward 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 commit-
ment to set data handling procedures makes it very difficult to shift
the strategy during the calculation as information becomes available
about the iterative behavior.

The objective is effecting an acceptable solution to a problem at
a minimum cost of computation to the project. Considering the large
number of wvariables involved, including the available computer environ-
ment and local cost allocation, pre-selection of an optimum strategy is
simply not possible.

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 auto-

matic selection of a strategy allows application with minimum burden
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to the user; however, it involves compromises and can hardly be expected
to represent the optimum 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, wmay 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

Ad = % xFo . (716~-1)
[

With special partitioning of the matrix A,

D -J~1L-Ul6¢=1[S+T+ §~er] o (716-2)
e
where

D = the main diagonal term (loss due to absorption, buckling,
outscatter),

J 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,
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U = the upper triangular matrix containing coupling terms in space
(excluding any appearing in J),

S = the downscattering source matrix (group-to-group scattering

terms at a point,

T = the upscattering source matrix (group-to-group scattering

terms at a point,

F = the fission source component (from all groups at a space point

contributing to the total at that point, a row matrix operator),

X = the source distribution (from the total to all groups at a point,

a column matrix operator), and
k = 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+%~—XF] .
s o
If a set of fluxes is available for iterate n, namely ¢n, then a

simple iterative scheme is expressed as

-1 1
— - ——— 7].6.‘ 3
¢ 1= D [J+L+U+S+T+ 1 xF1] ¢n s ( )

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 ¢n > 0 produces

¢n+l
assured. Eq. (716-3) does not even admit the use of newly calculated

> 0; only with ¢ > 0 can a unique and most positive value of k be

¢ values, so it represents a rather crude procedure.

With downward sweep in energy and simple sweeps carrying the simul-
taneous solution for rows across the space problem, use of newly calcu-
lated fluxes causes them to contribute through the matrices J, L, and §,

oY



l ¢ -
[D - J -1 ~ 8] ¢n+1 = [U+ T+ RN—XF] ¢ R

n
n
D -J -1 -8 U+ E]
bppr TP T Kkt u - (716-4)
The inverse shown would generally be impractical to obtain. It is not

needed, however, but rather is a consequence of the process and the par~
titioning of the coupling terms.
Overrelaxation is used as discussed later in detail. The basic

equation is

_ " * (716-5
X, Ry oo tB& )y s (716-5)

- X
i,n i, n i,n-1

e
EAY
7

where X, is a component of ¢ obtained from iteration n-1, X,
i,n-1 : n~-1 i,n
is the newly calculated value for iterative sweep n, f is the over~
relaxation factor, and X. is the overrelaxed value used thereafter
for this sweep of the equ;tions. Note that 8 = 1 causes the newly
calculated value to be used; overrelaxation is done for 1 < p < 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 8 on the main diagonal, the subscript n

indicating the values may be changed during the iterative history.

Overrelaxation changes Eq. (716-4) to

¢

-1 1 -
= {D - BH[J + L + S]} (I - Bn)D + Bn[L + T +-E~ XF] ¢n . (716-6)

n

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 af each energy. Considering a fixed
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numbet of inner iterations, Eq. (716-6) becomes

t
B t i 1 . .
g1 = § [RyVa1 E RO B [T+ e XF]}@)H , (716-7)

. n
i=1

where

-1
R ={D~~B [;Mt«L-JrS]1
n f
vV = [I-—Isn}D+BnU ,

and ¢ 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 ianer
iteration.
Equation (716-7) also applies to the direct search problem with
AAAAAAAAAA rearrangement of the terms and inclusion of the estimate of the eigsn-

value of the search problem. Acceleration on outer iteration adds

further complexity not shown.

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.

: = 5 + b, X, + b, X. . 716-8
ay Xi,t bi,t i Ti-l,t i+l Titl,t ( )

Where 1 refers to a mesh point along a row, t refers to inner iteration,

Si is the summed fission and scattering source plus the contributions

from nearest neighbor points on adjacent rows, a, is the loss constant,

and bi is the coupling coefficient between nearest neighbors along the

row.
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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

X, =g [JX, + = } , (716-9)
i+l

requires a forward sweep
f. = 8. + gi—*l fi,l ?

i i,C

and a previously done forward sweep,

8, = b |
i i+1 aiwbigi—wl

with the amcunt of division minimized,
. a .
An alternative procedure 1is attractive to reduce the amount of

computation during iteration. To solve the system of equations
Ap = S
a new set of operators is desired such that

cvivee = s

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
|
_ z
S
L
b\ ¢
f. = {a. - e , L <1g 1
i i f
i-1
b
‘g
v, SR S , elements of V, 1 <1 <1 -1
i £.1f,
i“i+l
1
c, = - , elements of C
i fi

aCuthill, E. H. and Varga, R. S., "A Method of Normalized Block Iteration,"
J Assoc. Comput. Mach., 6, (1959).
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The forward-backward sweep equations solved during iteration are:

X = C.8

1 i 1

1%

V., = X, ~ V.__ly.__l

oo 1t (716-10)
ZI - yl

Z]_ = yi Vizi+l

¢1 = Cizl

It may be ncoted that the new values Ci and Vi must be made available,
but that the original elements a; and bi and intermediate values fi are
not later required. This 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).

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),

£,
: i
Xe~ b ety X 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 simul-
taneously 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.
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A special situation is presented by rotational symmetry boundary
conditioans: a point on one row couples with a poinf 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 con-

vergence might be expected to be slower than without this coupling.

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 is calculated I times with I successive

sweeps.
With 9y 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 anv 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

b X . X
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.
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The Ol order of sweeping the mesh imposes vather severe data handling
requirements, especially for large problems treated in an small computer

memory. Therefore, application is quite selective.

Inner Iteration and Overrelaxation

Overrelaxation is a simple but powerful scheme for accelerating the
rate of convergence of the iterative process, The theory is 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
discussion is directed at this inner iteration process.

Consider calculation of wvew values of the fluwxes 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 f£lux 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,

t
— = A . -
Xim "Xt E {3 (716-12)

Thus, there is a contribution to the error from each error vector having
an assccliated eigenvalue pj which depends on the value of A, ., and the
iteration number, The values of pj depend only on the equat;on constants,
not on the source values. The values of Ai,j depend on the initial state
of the problem, both the fixed source wvalues and the initial flux wvalues.
Since pjt »> 0 as t > =, 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 Ai . from the recursion equations yields infor-
2

mation about the asymptotic behavior,
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~ X, X.
i,ee i,t ~ i,t i,t—-1
p = X - X H
i, i,t-1 i,t-1 i,t-2
i, - i,t - 0
X - 1.0 - ¢

That is, asymptotically, the absolute error is reduced by p each iteration
as 1s 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
ordexed process accelerates the rate of convergence. The effect is

squaring the eigenvalues giving the asymptotic behavior
g yumg

- X
i,® - i,t _ Q?‘ :
i, i,t-1
- X
i,® i,t _ p2 )
- X, T 1.0 - 0? .
i,t i,t-1 ©
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

% *

- - ) 16-13
e T %0 TR, Xi -1’ ¢ )
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ke

«
Here Xi ‘ is the newly calculated value and Bt is the overrelaxation
2

coefficient. For the fixed source problem, there is an optimum value

of Bt, given bya

= 2.9 : (716-~14)

8 —
°Pt 1.0 + V1.0 - 57

The eigenvalues of the overrelaxation process occur in pairs. Shown in
Fig. (716-1) is the dependence of the dominating eigenvalues of the over-
relaxation 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 the pair of eigenvalues are real, one

<
Bopt’

relatively large, the other small. For Bt > Bop the pair of 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. 1Indeed, 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 <8< 2.

New values can be obtained of the fluxes for a block of points

simultaneously. Thus, when line relaxation is done as discussed previously,

4. P. Frankel, Convergence Rates of Iterative Treatments of Partial
Differential Equations, Math, Tables Other Aid Comp. 4 (1950).
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""""" 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.

Asymptotic Rate of Couvergence

Mesh Points B

popt Use 0ld Use New Point Line .
Values Values Overrelax Overrelax®
10 1.560 0.041 0.081 0.53 0.82
50 1.884 0.0019 0.0038 0.12 0.17
100 1.940 0.00048 0.00097 0.062 0.088

During the early iterative progress of a problem, large changes in
the flux values are associated with initial error vecters 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

B %
0.5 X, T <X < X + X,

t i,t i,t (716-15)
b S 2

-
-
t
}
=

Xi,t is the newly calculated value and Xi,t is the restrained overrelaxed
value. The nature of restrained overrelaxatiocn 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 restraiot applies
only during the early history when bad initial error vectors dominate
(Ien| > 0.01, see later discussion).

For those special situations where negative flux values are accept-
able and expected, the application of Eq. (716~15) must be prevented by
user option. Further, if a change in sign occurs with the new estimate,
Eq. (716-13) causes extreme driving, so the newly calculated value is
used rather than the overrelaxed wvalue.

The overrelaxation factors may be adjusted by applying the recursion
relationships involving the Chebyshev polynominals. This procedure causes

large values of the overrelaxation coefficient to be used in the early

a . . . . s
This scheme is the only one implemented; the numbers of mesh points along
each coordinate are for a full slab, divide by two for half slab.
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history, the value decreasing each outer iteration approaching an
asymptotic value. The objective of this procedure is to drive out bad
error vectors., Ixperience has shown that hard driving during the early
history, in an ovrderly way, causes the estimate of the problem eigen~
value (the multiplication factor) to move most rapidly toward the answer.
The procedure consists of applying the following equations for the

space problem at energy group g,

1.0, t = 1
2.0
", t =2
8.8 2.0 - 02(p) (716-16)
___.___4_'__(_)._..._._..‘ s t > 2
A2
4.0 - 0%(g) B _;(8)

In Eq. (716-16),t refers to inner iteration with normal sweeps. With
01 ordering, t refers to each sweep on alternate points, so B (g) is
adjusted midway through the inner iteration process; this is the so-called
. a
___________ cyclir Chebyshev procedure.

Experience has shown little advantage, if any, of adjusting the coef-

ficients during dinner iteration except with o, ordered sweeps, and then

1
only when a relatively large number of inner iterations are done.

A two-dimensional fixed source, homogeneous, no sink, uniform mesh
problem was solved by line overrelaxation with optimum coefficients, and
the reduction in the absolute error was determined from the known analytical
solution. The number of iterations required to reduce the absolute error

the same amount in each case is shown below.

Iterations Required

Scheme / Mesh Size (Points)
40x40  40x80 80x40 80x80

Normal Ordering 60 86 73 122
Normal Ordering, Chebyshev 55 87 72 120
9y Ordering 47 60 60 98
9y Ordering, Chebyshev 41 52 53 81

a

Hageman, L. A.,, "The Estimation of Acceleration Parameters for the
Chebyshev Polynominal and the Successive Overrelaxation Iteration Methods,"
USAEC Report (BAPL) WARD-TM~1038, June 1972,
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The advantage from the ¢, ordering is clearly demounstrated; it shows

1
the largest gain for the rectangular mesh with line relaxation along the
short rows. When the application of Chebyshev polynominals was done on
a cycle, it was found that the optimum was a many iteration cycle; use
of a short cycle showed no advantage over not applying these factors.
Thus, only when enough inner iterations are done for the overrelaxation
coefficient to reach the asymptotic value, can advantage be expected in
applying the Chebyshev polynominals during the inner iteration process.
When few inner iterations are done, adjustments are made on outer

iteration n,

2.0 t>1,n=1
2.0 - p?(g)
Be a8 = 4.0 R (716-17)
4.0 - p (g),BT,n_](g)
BT,n—l(g) » n> 208
Where T refers to the number of inner iterations. That is, the values

are basically adjusted on outer iteration. Application of the procedure
is done only during the early iterations, and is discontinued after any

procedure for acceleration of the outer iteration process is initiated.

Also, overrelaxation is not done the first inner iteration following

asymptotic acceleration in this mode of calculation.

When 8 > Sopt’ the iterative behavior has a marked difference than
when Bt < Bopt' A direct measure of the behavior is obtained from the
X.
i,t

iterate values of the maximum relative flux change. Let a, e T X :
L i,t-1
where Xi " is the flux value at location i after overrelaxation is
b

done at iteration t, and

L
I

maxia,
( 1,t) 5

w
Il

min(a,
( 1,t)’
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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),

€. = lmaxl (rt - 1.0,8, - 1.0). (716-18)

50 T R e

Thus, €. = lmaxl X » retaining the negative sign if the
i,t-1
iterate value is descending. Quite generally, the process is deemed to
be conve t only if |= < e . ] > 8 i i i
convergen y ] t' ’ t—l] When Bt > Sopt? this criterion may

be satisfied for one or even several iterations, but will eventually be
violated.

A special condition exists when the changes in the flux values are
so small that they lose significance. 1In this situation, arbitrarily if

[Et] < 1071%, the number of inner iterations is adjusted to

4.0 + 1 (g)
T ( g ) = _—WL—LMW
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 may be a multiple of the
rows or planes stored; in this case, the number of inner jterations is
arbitrarily reduced when lgt[ < 10710 by the number of rows oxr planes
stored, down to a minimum of the number of planes stored, Upon such
reduction, the inner iteration process is Judged to be convergent for
purposes of analyzing behavior,

Fstimates are made of the dominating eigenvalue of the process from

the maximum and minimum flux ratios., We assume that asymptotically,

X - X

A = i,t i_)t"l (716-19)
X, - X,
i,t~-1 i,t~2
Given
r, - 1.0
A = Y ES , and
t,1 £o_q 1.0 t-1
S -
" 1.0
>\ = f —- s
t,2 5 - 1.0 t-1 i
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The estimate of A is

= 716-20
Xt \,Xt,l >\t,2 ( )

which is essentially the average of the two values when they are not greatly
different. In the event that all flux values are falling, both ro and St
will have values less than unity, or if they are all rising, they will

both be greater than unity. A change from this condition (or to it) causes
the value of r, or s to swing about unity resulting in a negative value

for the estimate of A. We assume that the iterate estimates are moving

toward a solution, X > 0, and arbitrarily set

Xt = max (At,l’ kt,z)

if either is negative.

The inner iteration process is deemed convergent and not over-accelerated
if leT{ < ]ET—l[ < [eT_2|, where T refers to the last iteration done each
outer iteration. If convergent, an asymptotic behavior is deemed to have

established if

A, < 1.0 , and
I',n
1.0 - A
0.95 < 55— < 1.05 ,
) T,n-1

where the subscript T refers to the last inner iteration for that oute

. . . . . . a
iteration. In this event, a new estimate is made of the spectral radius,
2
1.0 - A
T,n

o Z(g) - =M 1.0 - - (716-21)

n AT,n BT,n(g)

The overrelaxation coefficient is recalculated with Eq. (716-4), but only

if the asymptotic single error mode extrapolation criteria discussed later

“p. M. Young, ''lterative Methods for Solving Partial Difference Equations
of Elliptic Type,'" Harvard University Dissertation (1950).
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are satisfied, indicating that an asymptotic behavior of the outer iteration
has established, and only if BT n(g) - 1.0 < AT 0’ and the adjusted value
>

2
is constrained to

~5T0E B‘“ﬂ'{gy . (716-22)

If the inner iteration process is deemed to be non-convergent, the

overrelaxation coefficient is arbitrarily decreased

B ne1(8) = max [6,  (g) - 0.05, 1.0] . (716-23)

When B(g) is changed, the associlated value of p(g) is recalculated to
make them consistent. If any B(g) is decreased, this coefficient is not
permitted to be increased later. Reduction in 3(g) is allowed no more

7 frequently than every other outer iteration, but when in use, the scheme
of applying Chebyshev polynominals is continued.

When the number of inner iterations done at any group is less than 4,
the criteria for inner iteration convergence are not applied. Rather the
behavior of the outer iteration process is examined, and information from
it is used in Eq. (716-21) as discussed later.

We note that the optimum overrelaxation coefficient for a one-group
fixed source problem may not be the optimum for the multigroup eigenvalue

problem; experience shows that the latter is often smaller.

Outer Iteration Strategy

Here we discuss assessment of the behavior of the outer iteration
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,

i,n
Let a, =
i, X,
- i,n~1

where Xi 0 is one of the flux values (component of ¢n), and
3
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r_ = max (a, n)

n s (716-24)
s = min (ai,n>'

e = |max| (r_~ 1.0, s_ - 1,0) . (716-25)
n n n

The process is deemed to be convergent only if ‘EnL < ;e Otherwise,

n—lt'
the procedure in use is causing excessive changes in the flux values and
the parameters must be altered.

When succeeding outer iterate flux values are not readily available,

the maximum relative flux change is estimated by a bound, Given the values

of T and Se for the inner jteration, at each energy group, the estimate is

n
r = max I 1
n £=1 t
(716-26)
n
sn = min I St
t=1

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

X, - X,
L= i,n i,n-1 (716-27)
Xi,n—l - Xi,n—Z -
Given
r - 1.0
- . —
un,l T - 1.0 Th-1? » and
n-1
1.0 - s
= e Y 5
un,2 1.0 - s n-1

n-1

The estimate of this dominant eigenvalue is

Mo~ J“n,l Un,z (716-~28)
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If either of the two estimates of this eigenvalue is negative, arbitrarily
they are all set equal to the positive one.

Other estimates of u have also been used, for example

Z 2
. (Xi,n - Xi,n—l)
i

, and 7162
Un’3= Z x X )‘Z n ( 9)
. i,n~1 i,n-2
i
zi: 'Xi,n - Xi,n—l‘
U B (716-30)
n,4 = N
:E: ‘Xi,n~l Xi,n~2.
i

It is not practical to obtain Mo o3 in this code which allows the source
3

and flux values to float to an arbitrary level making it likely that the
"""""" numbers would exceed machine range. The value Un,4 is now being used and
reported when easily calculated without data access.
An independent estimate is made of the dominant eigenvalue of the
outer iteration process. The total neutron loss (absorption plus leakage)
is calculated each iteration, Lu' The asymptotic eigenvalue of the

iteration process is estimated by

L - L
. ..n n-1
WL TL (716~31)

Equation (716-31) is, unfortunately, only reliable when most of the flux
values are either rising or falling, restricting effective use.
When successive outer iteration values of the fluxes are not readily

[

available, the test for a convergent process is modified. If |e | > |e 1
n n-1

it is deemed not convergent. If [Enl < Ien_ll, the process is deemed
convergent if |€n| < 0.1 and
lkn - kn~l| < ,kn-l - kn—-2| or
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k ~ k
ool o,
k -k

n n-2

or regardless of the value of €

v < 1.0 and either

n
1 - Un
0.9 < - — < 1.1 or
-y
n
u
0.1 < -2 < 1.5 s
u
n
Where u is u or U , the one associated with the maximum relative
n,a n,1 n,2

flux change. This qualification on a convergent process does not apply when
only one inner iteration is done each outer iteration.

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 representative
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., lowever, 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 (winimum)

R+ P -1
a = gf—
T
2la - 9 (716-32)
- P
L = max [-m~f- + 1.99, 1OJ
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M = max [J + 2, K]
N=M+1
where
J is the initial delay in accessing convergence behavior,
M dis the initial delay in applying extrapolation arbitrarily,
is the delay between arbitrary extrapolations,
N is the initial delay on initiation of the Chebyshev acceleration

procedure.

Asymptotic extrapolation is delayed 5 iterations whenever any action
is taken which would disrupt the outer iteration process preventing an
approach to an asymptotic error mode. Extrapolation itself or adjustment
of the acceleration parameters cause such delay.

Chebyshev acceleration may be initiated sooner than N above when the
asymptotic single error mode extrapolation criteria are satisified; a
minimum cycle of 5 iterations is imposed as discussed later on restart
of the Chebyshev acceleration process, extended by 3 iterations from that

‘‘‘‘‘‘‘‘ iteration when any of the overrelaxation ccefficients are reduced. When
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
3 iterations following restart of the Chebyshev acceleration process or
4 iterations following asymptotic extrapolation when inner iteration
behavior is examined (requires 2 4 inner iterations), or 5 iterations
after these events otherwise, and 5 iterations after any pricr reduction
has been done.

When the minimum number of inner iterations done at any group is less
than 4, non-convergence 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.
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The overrelaxation factors at groups for which the number of inner
iterations is less than 4 may be increased when the others are. However,
R for the outer iteration process (Eq. 716-29) is used in place of At
in Eq. (716-21), or the max (un, uz) when Chebyshev acceleration is done.

When the minimum number of inner iterations is 4 or more and Chebyshev
acceleration is not being done and after the outer iteration count sat-—
isfies 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 are all reduced simultaneously.

The continuing discussion addresses acceleration of the outer iter-

ation process.

Chebyshev Acceleration on Quter lterations

We outline here in general the procedure implemented for accelerating
the outer iterations using the Chebyshev polynominals. This procedure has
been selected from information about experience of others? in applying
the technique with rather drastic modifications introduced based on our
own experience with iterative procedures. A number of options are incor-
porated to facilitate testing. The automatic application of use of the
Chebyshev acceleration procedure is made problem-dependent; it is not
always automatically applied, but can always be applied at the whim of
the user.

When Chebyshev acceleration is initiated (or reinitiated) the equation

applied (pointwise) is

G =% + fN (6% — o ) , (716-33)

N N N N-1
and each outer iteration after this one,

R N O I I - I IO (716-34)

n n-2

However, if ’En\ > 0.1, the result is constrained to

O.25¢n* < ¢n < 4.0¢n*

aE. L. Wachspress, Iterative Solution of Elliptiec Equations, Prentice-Hall,

Inc., N. J. (1966).
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Here n refers to outer iteration, N is the outer iteration when the
process is initiated, ¢n* is the newly calculated flux, ¢n the accelerated
flux, and fn and g, are acceleration parameters. The latter are determined

as follows. The Chebyshev polynominal recursion is used in the form

(b) 1.0

i

Ina1
TN(b) =

o

= 9 -
Tn(b) 2.0 b Tn-l(b) Tn~2(b)’ n > 1, or

Tn-lEEz'= 1 )
T, ®) Laa ®) (716-35)
2.0b - T
n-1
T ®)
Note that ——%—— b = Vb2 -~ 1 as n > =,
T (b)
n
where
2.0 - (“2 + ul)
b= TRERT) s (716-36)
2 1 ‘
and My and b, are the lower and upper bounds of the eigenvalue spectrum,

respectively. Given the above recursion, the acceleration parameters are

determined from

Hy + My
fN = 55T RER) (716-37)
2 1
£ = 4.0 anl(b)] - 1.0
n (UZ - Ul) Tn(b) ’
Tn~l(b)
g = 2.0b ) - 1.0; or (716-38)
2
4.0 1.0
£ o= [ -1.0
" ] N R
Yo T My n
8, = (1.0 + fn) [1.0 - 0.5 (uz + ul)] - 1.0 . (716-39)
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Consider the acceleration Eq. (716-34). The new estimate of the

flux is obtained by applying the iteration matrix

5)

qbI’l - [(1 + fn) M- fn] q)n—l + gl ((pnl - qJ31'1"';_

I

Define the error E = ¢ - ¢ , and since M$¢ returns ¢
n [e] n e} @

En = [(1 + fn) M - fn] En~l + gn (En—l - hn*Z)

Consider that asymptotically fn and g, become constants, and assume that

an error vector dominates,

and that this error vector must be driven by the dominant one of the

iteration matrix,

M > A

These assumptions lead to

WA L@+ £A - £ Ju+g (1= = 0.

Given an estimate for u when the Chebyshev process is in use, an estimate
of the dominant eigenvalue of the ifteration matrix (and hence the upper
limit of the spectrum of eigenvalues needed to select the Chebyshev para-

meters) is given by

p? 4+t g (1~ )
— . n n ———
N = ATES . (716-40)
n

We seek the smallest value of p for maximum acceleration,

o= ML+ £)r - £+gl s VA + DA - £ + gl2 - 4g )

Note that for £f = g = 0, u = X\ as it should with no acceleration.
The values of f and g are related through the polynominal equations

for Chebyshev acceleration by

A+ a
gn B fn - < 2 ) <l { fn) i




716-29

where a is the lower limit of the spectrum. Assuming that A is known,

Z
= (22 a+ ) A2y g -4+ 20+ + )
2 2

The largest value of p can be reduced to a point by increasing f, but

further increase in f causes it to have an imaginary component. This

occurs when

(A > a) (L+ £)] -4f+20 +a)(L+£)=0 , and
N
n o= (A 7 a a+ , or from above,
4 gl
l+f=m[2—(>\+a)~,_/(l-a)(l-)\):| s

the smallest value selected, and

l .
WS TRy [2 - (A+a) -2V 0-aQ - ,\)) . (716-41)

Asymptotically, we expect optimum Chebyshev acceleration of an iterative
process having a dominant eigenvalue A to have a dominant eigenvalue M.
An estimate of p from the behavior of a problem may be compared with this
value to assess effectiveness. Note that if u were konown and the lower

limit were zero,

4y

A= 1+ 2y + uz

It is of interest to examine the gain in the rate of errvor reduction

with Chebyshev acceleration (asymptotic optimum). Values of u and A are
compared on the following page (a = 0). 1In practice we have found that
theoretical gains are not realized in typical application, possibly due to

the actual distribution density of the eigenvalues,
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No Acceleration Optimum Acceleration
(A (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% each
outer iteration, the Chebyshev process optimumally reduces this absolute
error 36.5% each outer iteration asymptotically, an impressive gain.

The automated procedure for starting the Chebyshev acceleration
process consists of:

1. Requiring the outer iteration process be convergent,

2. Requiring the inner iteration processes be convergent for two
successive outer itevations,

3. Requiring the maximum number of inner iterations be > 5 (overridden
by user option),

4, The outer iteration count must exceed the imposed initial delay

(see Eq. 716-31).

One exception to 3 is that the procedure is applied when a problem has
upscattering. Another exception is the one~dimensional problem for which
the procedure is applied automatically after an outer iteration count of
10 when the iteration process is convergent.

Limits for the eigenvalue spectrum are selected automatically.

Initially u, is set to zero and

1
M, = max {min (0.9, X), 0.5)
where X = 5—69:—a‘for one~dimensional problems, G is the number of energy

, a
groups, otherwise

X = max Bo(g) - 1.0 .

a . . . .
We expect to use an estimate from the multfigroup equations for one point
involving weighting of the space-dependent properties.
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An attempt is made to obtain a better estimate of this eigenvalue from the
iterative behavior as discussed later. When non-zero values of these
eigenvalues are supplied as input data, they are used, overriding the
above procedure.

After starting or restarting the process, a set minimum delay is
imposed. 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,

v, = min [0.98, max (u 2, 0.75

9 )] , (716-42)

2,0 2,0

where refers to the value in current use, Equation (716-42) is

2,0
applied ; maximum of three times (each time only if the behavior does not
satisfy convergence criteria when tested), and then Chebyshev acceleration
is discontinued if the behavior is still not couvergent. The process will
later be restarted if the single-error-mode extrapolation criteria are
satisfied. Whenever the upper limit of the eigenvalue spectrum Wy is
s reduced, the old value of Hy is saved as an upper limit for Hos gradually

increased thereafter,

The maximum relative flux change, € for iteration m, is saved
whenever the procedure is restarted. After the set delay, if 'Enl > 1.5 |€m!,

the process is deemed to be ineffective, Eq. (716-42) is used, and the

c
2 | n-1
Given a convergent process when Chebyshev acceleration is in use,

procedure restarted, but only if 'enl >

the behavior is examined after a maximum delay of 15 iterations, or if
fn/fn_1 < 0.999. Either single- or double-error-mode asymptotic extrap-
olation may then be done as discussed later, and then the process is

always restarted. Also, when the asymptotic single-error-mode extrapolation

criteria are satisfied, u, is reset to A from Eq. (716-40).

2
This new value is used and the process restarted if

1.0 - uZ,n
1.0

0.95 < < 1.05 .

T ¥y on-1

provided

U2,O < u2,n < 0.99999
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B -1.0 + Ho
3

be limited to Hy < , where B = max [1.4, 1n (2 + V1)1

B
where I is the minimum number of inmmer iterations done, except that B is
defaulted to 2.0 for one-dimensional problems. Restart is not done when

only a small change in H, occurs,

1.0 ~ uZ,n

0.99 < ————— < 1.01
1.0 - UZ,O

This last test is not applied when asymptotic extrapolation is done causing

restart, normally allowing u, to be adjusted. Also, if the test on

2

successive iterate estimates of u2 n fails, then the new value used is
2

Wy T H“zgn + “2,0) . (716-43)

Asymptotic Extrapolation

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

1
¢ 41" (Gn + kn xF)cbn . (716-44)

or in the alternative form
. 1o e o ,
¢ 41" (bn t xF)¢n + XEFo . (716~-45)

Note that an error from the estimated value of the multiplication factor
enters the problem directly.

This iterative process may be expressed as

¢n +1 - M ¢ > (716-46)

nn

where Mn is the iteration matrix. Mrl 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_¢_ wmust return ¢_.
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It is assumed that the outer iteration flux vector can be expanded

into a set of linearly independent error vectors,

n
b, — b= Z nowu, | A, + 0, . (716-47)
n J 2=m £5] ] i,n
(OR is a residual error (associated with the eigenvalue estimate), hope-

i,n
fuily small and decreasing as n increases. The A, is diagonal, a constant
for each component of ¢ associated with some previous state of the problem),
and the Uﬁ,j represent eigenvalues of the error vectors, eigenvalues of
the iteration matrix Mn.

The single error mode extrapolation procedure is based on one error

vector dominating, asymptotically
X, - X = a,u s (716-48)

where a, is a constant and u the eigenvalue of the dominating errvor vector.
i

This recursion relationship yields the expression for the eigenvalue

[ — > (716-49)

and the extrapolation equation

Xi,w ] Xi,n * b(Xi,n - Xi,n~l) ) (716-50)

where

Alternatively, itervate values spaced two iterations apart may be
used by properly determining the extrapolation factor. At the time this

is written, we use

= + X - X R 16-51
Xi,‘” Xi,n g ( i,n i,n_z) (716-51)
where
2
8= 17
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The dependence of the extrapolation factor (for Eq. (716-59) 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 values 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.

Of critical importance are (1) determining when one error vector
dominates, and (2) producing a good estimate of the eigenvalue of the
dominating error vector.

The single—error mode process 1s restrained. A maximum value for

b of 75 is used. Until ‘En—l! < 0.01, an imposed restraint (preventing
negative flux values) is
X,
0.25 < =222 < 4.0
. X . ,

i,n

when the minimum number of inner iterations < 4, or

otherwise,
The asymptotic two-error-mode extrapolation procedure procedure is

less clearly defined. Basically, it is assumed that the composite error

vector is given by

X, - X, =b (X,
n i

i, i,n

n T X e P X ) : (716-52)

> 5 i,n-2

This recursion relationship leads to the equation

q
n

un(l.o + bn + U~) = bn—l + " s (716-53)
n n-1
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where un is defined above. At some stage in the calculation, it is

assumed that the individual error vectors contribute in such a way Lhat
the values of bn and q, are nearly independent of the outer iteration n.

When so independent,

Un—lun~2 (Un ) Un—1>

- — — s -
n un_z(l.o “nwl) un_l(l.O un)(l.o un_z) ?

_ (716-54)

. 1.0 unfl
n n u
n-1

n 1.0 - u

Note that a test for significance can be made on the denominator of the
equation for q,- In any event, 9, = 0 defaults the equations to those
for the single-error mode.

The asymptotic two error mode extrapolation equation is

X, = X + b (X,
i,n ni

o«
l’ 3

n Xi,n—l) * qn(xi,n—l - X ) » (716-55)

, i,n-2

applied to each flux value. An attractive feature of this procedure is
that the eigenvalues 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, Ien’ < 10, and u < 10.

b
An asymptotic single-error mode is judged to have established when

o < 0.99999 .
n
woo- un_ll < funwl - e, ,
1.0 - u -1
0.5 < == < 1.5 s
1.0 - u
-2
b
0.95 < —2— < 1.05 ,
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where

1

0 T IO - ’
I
1 1.0 - 1.0 - u
and that either 0.75 < — < 1.25, or 0.90 < —— < 1.10,
1.0 - n 1.0 - v
n,a n
Un,a

and 0.1 <

< 1.5 when Equation (716-27) is used, where My is that

1 ’

value of n or un associated with the maximum relative flux change.

n,l 32
First priority is given to the double-~error mode procedure, applied

when the following criteria are satisfied, using values from Eq. (716-54),
Wy < 0.99999

b +taq, >0 ,
0.8 < i;fkl;;{?l~— < 1.2 ,

n-1 " 9n-1

|bn| < 1000 ,

nPa-1 7 0 ’

94,70 ,

la__q] < Ib,l :

ol <]

q, <0

In addition, a new value for bn is obtained from

q,_
R S (716-56)
n Un n-1 n n

and the extrapolation is done only if

b 1)

0.9 < -2 :
% < 1.1
n

Then bn' is used instead of bn. Default is to the single—error mode

procedure, applied when its criteria are satisfied,
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The same restraints are applied to the flux values as for the single-

error-mode process, but now only when fen > 0.001L.

|
~1

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 1is done, or parameters are changed as
discussed earlier. Otherwise, the procedure involves a continuocus check
on the iterative behavior for conditions allowing extrapolation. Upon
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.

Superimposed on the above procedure is an arbitrary scheme. A fixed
delay initially (and after asymptotic extrapolation is done) is imposed,
see Eq., (716~32), then the procedure is further delayed until the outer
iteration process is convergent and the inner iteration processes are
convergent for two succeeding outer iterations. When the Chebyshev
acceleration process is to be done, the above fixed initial delay is
not imposed, and the procedure is applied only at that stage of the
calculation when Chebyshev acceleration is initiated, convergent processes
required.

Equation (716~30) is applied to the space problem at each group, as
well as to the overall problem, producing estimates of un(g). If all
Un(g) < 0.99999, extrapolation is done in the singe~error-mode sense,
applying Eq. (716-51), constrained such that b < 75. If the Chebyshev
acceleration procedure is to be initiated, the new estimate of the upper
limit of the eigenvalue spectrum, unless user supplied, is Hy = min(0.9,un).

At the time the first asymptotic extrapolation is done, the number
of inner iterations at each group are recalculated if the minimum is
2 4. The adjustments are made to attempt to get the same error reduction
for each space problem. Considering that the rate of error reduction

(asymptotically) each inner iteration is approximately un(g) - the

1(g)’

number of inner iterations is recalculated for each group as (truncated)
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XIn(g)

I ,.(g) _
n+l T onu (g) + 0.5 s (716-57)
n
restrained to
4 < In+l(g) < max In(g) ,

where

L
In(g)

n

X = [max In(g):l ¢n | max ju (g)

and un(g) is determined at éach 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 is possible to do simultaneous Chebyshev acceleration and extrapo-

lation, by redefining the Chebyshev acceleration parameters to

£
n

1

H

b+ (1.0 - b) f ,
n

]

g

a (1.0 + b) 8, + q

Experience has shown that effective extrapolation is possible only

when the Chebyshev process is under-accelerated, as expected theoretically.

Estimating the Eigenvalue

After each outer itevration, each full sweep of the mesh points, the
eigenvalue is estimated from an overall neutron balance.® 1f 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,

ko= (716-58)

a
Except as noted later.
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where Pn refers to the total neutron production rate, and Ln 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 excepl: when outer iteration acceleration
is done.

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,

b= VY b . 16~
RO DD )3 (716-59)

z g g!

Calculations of the losses to internal black absorber regions, in-
leakage 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 imner iteration. The
effect of this approximation has been found to be insignificant for usual
situations where the total black absorber contribution is a small part
of the total neutron losses.

For the adjoint eigenvalue problem, the scattering terms do not
cancel. Therefore, the overall neutron balance equation is greatly com-
plicated, 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 done alone, the simple estimate from source ratios is used,

k= -Ros R , (716-60)

This formulation is also used when solving the consistent P, equations

1
and when Chebyshev acceleration is being done (without criticality search)

using the accelerated flux values.
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For other types of eigenvalue problems, the direct searches, the overall

neutron balance yields an estimate of the eigenvalue,

= ; , (716-61)

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 sys~-
tem; 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 that indicated by Eq. (716~61) is introduced during the early itera-
tions. Let A% be the value calculated from Eq. (716-60) and Xn be the

-1
value used the previous iteration; the formulation used is

An = An—l + Cn (A% - An-l) , (716-62)
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
» given by Eq. (716-61) is used directly. In the event that the system has
a very low multiplication factor, Eq. (716-61) tends to be an overestimate;
therefore, if kn/ke < 0.5, where kn is determined from Eq. (716-58), the
factor C_n of Eq. (716-62) is not increased, nor is it increased during the
first few iterations 1f 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 contribu-
tion to be added to the absorption at a point, decreasing the diagonal

dominance. Thus, for a subcritical system, one having an associated k
e
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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(l/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
obtained. 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 repre-
senting different contributions from the search parameters. Then use is

made of the formulation

C k
P (716-63)
C, - k

where C1 and C2

and A 1s the search problem eigenvalue. Equation (716-63) is assumed to

fail if |C

are constants to evaluate, k is the multiplication factor,

2! > 10% as calculated, or if the estimated search eigenvalue
exceeds either of the first two values. 1In this event, a linear approxi-
mation is used which gives the new estimate,
L ki 1
= -k, it 16-64
ETSIRESTRE USRSV AR B} X ’ G "

/

i i-1

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 1is

@]
=

_ N
b= Gyt e , (716-65)
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1’ CZ’ and C3 are constants to evaluate. Again sigonificant results
are required, or Eq. (716-64) is used in default.

where C

To allow old results to be used, an estimate is made of the change
in multiplication factor with change in the search elgenvalue

LSO e S S : (716-66)

3k
ox - i AN, - X

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.

The Fixed Source Problem

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 solution,

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,

Pn + hnSo = Ln s
(716-67)

where Pn is the fission source rate, Ln is the loss rate, and 5 is the
0
total fixed source. The factor hn determined above is a multiplier on

the total source,

s = (716-68)

and therefore on the individual components of it.
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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
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.

For the fixed source adjoint problem, Ln in Eq. (716-67) is replaced

by a constant to fix the total source based on initial conditions,

L =P 4+ o o . (716-69)

Outer Ilteration Acceleration Estimates

When acceleration is done (on an outer iteration, Chebyshev or extrapo-
lation), a new estimate is obtained of the problem eigenvalue. The neutron
production rate and the neutron loss rate (absorption plus surface leakage)
for the overall neutron balance are accelerated individually, given by the

general form,

P
n

i

x o i -
Pn * fn(Pn Pnul) ' gn(Pn—l Pn~2) ?

(716-70)

=
Il

‘k___Li'C_ -1
Ln * in( n anl) * gn(anl 1n—Z) ?

where fn and g, are the parameters used to accelerate the flux (b and q

in the case of extrapolation). The accelerated values ave arbitrarily

left at the calculated values if the acceleration would produce a change

of more than 10% in the production rate, Acceleration of these quantities
causes the current estimate of the eigenvalue of the problem to be modified
in applying the equations discussed above. However, a restraint is added
when Chebyshev acceleration i1s done to prevent oscillation behavior. The
accelerated value of the eigenvalue of a problem (the multiplification

factor or the search problem eigenvalue) is not used if it does not represent

forward driving from the neutron balance wvalues if
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k -k *
n 11 -
PIEE

n n~1

kn* is used and the last term in Eq. (716-70) is eliminated the next
iteration. Once this is done, extrapolation is not done on k thereafter.
(The automated procedure causes k to be determined from total source

ratios when Chebyshev acceleration is done.)

END OF SECTION
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Section 718: Initialization

Prior to iteration on the neutronics problem, values for the flux
must be assigned at each point in space and energy. Certain parameters
are required for the iteration procedures. The initialization procedures
are discussed here.

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 dincorporated to perform a
linear interpolation of the flux values when a finer meshpoint description
is presented; this expansion from a coarse-mesh result is appropriate
only if the number of meshpoints has been increased regularly along any
one coordinate (for example, doubled across the board, or each two re-
placed by three).

To effect a reasonable initialization, the basic procedure selected
is use of a cosine flux distribution along each coordinate direction, and
satisfaction of the point neutronics problem for the macroscopic cross
sections of the zone located at the point where the boundary conditions

indicate the flux is near maximum,
$(g,v) = A(g) B(x) C(y) D(=) , (718~1)

where ¢(g,r) is the flux guess for energy group g and space location r,

A(g) is determined from

T(g) Alg) = X(g) + Z S(g') Alg") , (718-2)
gi
where T(g) is the loss term for the group including a buckling loss
associated with Bi»= 0.01; x(g) is the fission source distribution (i.e.,
a unit source distributed), and S{g) is the inscattering cross section.
B(x), C(y), and D(z) are determined for the individual coordinate direc-

tions by the relationship, typically
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0.87 (X - X))
B(x) = cos —_*2‘5—-—0-«— i (718-3)

Values of Xo and L depend on the boundary conditions for that space

coordinate as shown on the following page:

Boundary Conditions

(left, Right) 0
Reflected, Reflected® (Not used) (Not used)
Reflected, Extrapolated*®#* width 0
Extrapolated, Reflected width width
Extrapolated, Extrapolated half-width half-width

x

or repeated
Joke
*k

non~return or zero flux

Of course, at the user's whim, all flux values are initialized at a
constant or a data file supplied will be used. It is planned to implement
a more sophisticated initialization procedure to reduce the cost of

solving the larger problems.

The adjoint flux values are initialized at those values available
for an associated regular problem; point values over space for all energy
groups are set equal to the point values over space for the first energy

group of the regular problem.

The overrelaxation coefficients are initialized at values dependent
on an estimate of the next-—to-largest, in magnitude, eigenvalue of the

iteration matrix, p(g).
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2
1.0 + V1.0 = o(g)2

Bo(g) = (718-4)

Along each coordinate direction, an "ideal" eigenvalue is determined

for a uniform mesh homogeneous problem,

A, = COS {-;l“—} > (718-5)
i aij

where j refers to a coordinate direction; N, is the number of mesh inter-
vals; and a, depends on the boundary conditions: 1.0 for zero flux or
non-return (extrapolated) boundaries associated with this coordinate,

2.0 if one boundary is reflected, or 3.0 if both are reflected, but Aj

is then set max (Aj, 0.995) except for the first coordinate direction.

For line overrelaxation along the first coordinate direction, the

"ideal" eigenvalue is estimated as

J
PIF (718-6)

- =2

AL J -

f1

where J is the number of coordinates, 2 or 3. Note that for the one~

dimensional problem with line relaxation, A, = 0, the optimum overrelaxa-

L
tion coefficient is unity, and overrelaxation is not done.

Based on experience with problems involving from few to many energy

groups, XL is arbitrarily reduced as follows. The number of inner itera~-

tions is estimated at
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-A
X = min ; 30, maX[l-O’ ﬁ“@?_—fW] 2 ,

where A is 1.5 without upscatter, 0.8 with upscatter; if X < 4, it is set®
to 4 without upscatter or one if PL, < 0.9 or with upscatter. Lf the
number of inner iterations is specified in the user input, this value is

used. Then, the eigenvalue X is adjusted:

. . G + 4X + 10
b = max g 1.0, min [5'0’ 4X 4+ 11 ]i ’

where G is the number of groups, and
A= P . (718-7)

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 vZf is largest, and the estimate of the eigenvalue is adjusted

by

5(g) = max | 0.75, A R,i® , (718-8)
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where CR i(g) is the total loss constant (the finite~difference-element
s
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
3

constant associated with a surface of the element for that energy group.

The eigenvalue estimates obtained from Eq. (718-8) are arbitrarily

adjusted as follows

min{o(g)} )

it

a

b= 1.0 -4/1.0 - A .
c = max p(g) ,

C, c > b N
f

{%(Ac-f-b), cLb

e Then only if a < b,

o(g) = b + [f - b] [r(g) - a) . (718~9)

¢ - a

The number of inner jterations required to effect a particular error
reduction is estimated. Consider that a number of inner iterations has
been specified; this number is used for the group m where p(m) is a
maximum and the number of iterations at each of the other groups is

calculated (unless the specified number is < 4) as

e - s min 30 1 4 nff, @ - 1.0] (718-10)
(g) = max y min ’ Rn[ﬁo(g) - 1'0] ’
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(except that all I(g) are set to unity if max p(g) < 0.9), and used
unless overridden by user option. When a value of N is not supplied, the

value used is

B 3 A
N = max {4, 1.0 lnfgo(m) S0 } s (718-11)

where A is 1.5 without upscatter. With upscatter A is 0.8 and if the
maximum number of inner iterations for any group is 4, they are all set

to unity,

In the multirow and multiplane modes of data handling, there is a
maximum number of inner iterations which can be done for a given amount
of data transfer. By user option, the number of iterations domne at each
energy is arbitrarily rounded up to cause the maximum amount of calculation
relative to data transfer, but this is not the automated procedure and

may not be superior to the automated procedure.

It is planned to perform iterations on a one-dimensional problem
selected from the mesh. The multi-group result can be used for initiali-
zation of the flux and inner and outer iteration information developed
which may improve the starting points for both processes for the whole
problem to be solved. Evaluation of the potential of the Chebyshev pro-

cess (over single-error-mode extrapolation) appears possible.

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+l
in Eq. (716-1) would satisfy the relationship in Eq. (720-1) provided there

were no upscatter:

1
= e X 7}
¢n+l R¢n+l + kn F ¢n , or (720~-1)

(T - R) q)r1+l =4 ¢n+l = X ¢n '
The process could now be written as

Y= XEo ,

yn’*‘ 1 =

W‘H
=
=

n

Under this condition, bounds on ke can be identified and calculated as
simply the maximum and minimum ratios of the source, components of y,
between outer iterations, times kn' Use has been made of these bounds,
especially in the PDQ series of codes. ™ Unfortunately, the bounded range
tends to be wide at low levels of convergence, and relaxation of the inner
iteration convergence destroys the proof that the estimates are bounds.

Only with a relatively large number of inner iterations does one have

2Cadwell, W. R., WAPD-TM-179
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assurance that bounds have been identified. The optimum number of inner
iterations for problem solution, considered here to minimize the computa-
tion cost, may be far fewer that are required to insure that bounds on

the eigenvalue are established. Thus, we seek an alternative measure of

reliability.

The Maximum Relative Flux Change

The iterative process, Eq. (716-1), may be described as

b4 = Mo ) (720-2)

where the flux vector from outer iteration n is operated on by the itera-
tion matrix M to generate the new estimate. The iteration matrix M is

n
iteration dependent because it contains the latest estimate of k_ . Bounds

. a
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
X,
by 7 A5 il
] -] 5

-1
The new matrix is the result of performing the operation P MP; therefore,
it i1s 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. Therefore
i,n X
min [ —*— SQ(MH) < maximum SR LN . (720-3)
i,n-1 i,n-1

Since p(Mn) must tend to unity, an indication that the iterative process

is convergent is that

}e (720-4)

@,n|<\€¢,n,1\ ’

“Due to M. L. Tobias, unpublished.
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where

= |max | (720-5)

£
¢,m

Further, p(Mn) is bounded by 1 * |¢

. There is not a one to one corre-
E
spondence 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 i|5¢”10 . : (720-6)

Ocassionally, a result falls outside of this range, so it should be inter~-
preted as an approximate bound, perhaps two standard deviations, In-
creasing the number of inner iterations generally increases the reliability
of this bound, excluding the upscattering problem.

The VENTURE code tests €¢ 0 against a specified convergence criterion
as the primary way an acceptabie 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 recommended for wide
use, a smaller value when necessary, and a larger value for situations
where a lower degree of convergence is acceptable.

At the time this is written, it appears that the penalty associated
with reaccess and/or storing away a copy of the iterate flux set for each
iteration as necessary to determine the maximum relative point flux change
is not justified. As an alternative, each re-evaluated point flux may he
tested and the maximum for that inner iteration determined. Thus, at one

energy g, outer iteration n and inner iteration m, we calculate

Xi n,m
r = max [ -———>— , and
g,n,m i,n,m-1

X, )
S = min {——2l2n .
g’n’m Xi’n,m_l >

by group g for outer iteration n, inner iteration m.
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Then over the inner iterations, taking

T
I
=
[

-
o8]
o]
[oN

Nal

il
j=|

wn

and finding the maximum over all g,

W= [max‘ (pq’ -1, q - 1) ,

Thus the convergence property tested by ¢ is also tested by W

¢

3
Experience with its use indicates that lwni

>> I ‘ during the early

€¢,n
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 re-
liability 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 over-
ridden 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

1 v i —
R, —-Ea»ki + Si - fi > (720-7)
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where Ri is the residue which would be zero if the problem were completely
converged, Fi is the associated fission source, Si is the in-scattering
plus in-leakage term, and Ti is the total removal and out-leakage term.
Each of the above terms is evaluated with the solution flux vector com-

ponents. Summing equations and determining

9 2 = _ i
3k ZRi ZZRi 5k -0 ’
r " .
1 1
E F, 2
1

Kk - 1 .

r E F (T, - S.)
1 1 1

i

(720-8)

Experience has shown the residues estimate of the multiplication con-
stant to be quite useful, especially when a problem solved has an unfami~
liar iterative behavior. If the residues estimate differs markedly from
the wvalue used in the iterative process, then the problem is not 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 kp will not reflect
lack of convergence, one case being that where over much’of the system
the flux is quite flat. The point neutron balance equations are used at
each space-energy point having fission source to yield independent bouunds

on k
e

(720-9)
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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 Sj, 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 where Fi/si > .00001 if Si > 0.

Since Si is zero for the first energy group, all of the first-group equations
are considered. A user must rely on experience in assessing the results

of such tests.

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 evrror is small. However, the
multiplication factor calculated for two successive iterations may be
nearly the game and yvet 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 dom-
inates asymptotic. See Section 716 for further discussion. When in
this asymptotic mode, this eigenvalue u is related to the iterate point

flux values by

o= onntl : (720-10)

T : (720-11)

Thus, u is a direct measure of the absolute error reduction each

iteration. Further

= ; (720-12)
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that is, an estimate of the ratio of the absolute error to the iterative
change is given directly. Given the maximum relative flux change, € s

the absolute error in the local flux is

~ ~ € ] (720-13)

Since the procedure of calculation attempts to make use of this
information and apply asymptotic extrapolation, reported values of y each
iteration have limited utility. However, asymptotic extrapolation is
only done when it appears that an asymptotic 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 subse-
quent values of € 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 Egq. (720~13), as the primary 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.

END OF SECTION
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Section 721: Perturbation

Discussion

The equations used to estimate the effect of small changes are dis-
cussed here. First order perturbation theory is applied which is precise
only in the 1limit of zero change. The adjoint flux is used which regulres
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 eguations usced in the code
are presented. A theoretical analysis has been presented.a

Consider a neutron balance associated with the [inite~difference volume
about a mesh point for a cne-energy-group, one-dimensional slab geomelry

problem. With usual terminology,

Socurce = Removal + Leakage, or

-~ /d) . d) . /(Yb . d) e\
1 . A P! -1\ i RPN -
w Ve s Vs Oy = ZV,0L o DiAL B A N B Joo (r21-1)

where i refers to a lecation, V refers to volume, A to the leakage surface,
and A to mesh spacing. Let Ai+l = Ai .

A change in the nuclear propertics would change the flux distribution
end @lsc the multiplication factor. Let us mneglect the change in flux ana

consider the partial derivative of terms cf Zqg. 721-1 with respect to Zi'

This operation gives

2 ()
v 3\ JUURIA P ¥ , .
v 2e s Vs % 3 2 -

Considering changs in Xi orly at certain points within some material m

ard summing equations glves

—_— v I, vV, ¢, = /
5T LV i V1% E Vi
i iem

a

Melvin Tebias, T. B. Fowler and D. R. Vondy, "First-Order Perturbation
heory as used in the Multigroup Diffusion Code EXTERMINATOR-2," TUHARC
eport, ORNL-TM-17+1 (January 1967).

53l

pell ol
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Since o (E) = - 8k,

>'W
~ i1
1 a5k iem
k87, ;lZLV Y.V, 0
¢ ,i 1 71

If we simply accept that Ea. 771-1 may be multiplied through by a weighting
3

Tactor, namely the adjoint flux, é?, which will cause both ¢iQi and the flux

slope in the leakage terms to be invariant, increasing the accuracy, then

the result becomes

X
v, ¢i@i

Li
lcex iem (7212
ke LN IR R T
k L. AP S RS B
i

This exprecsgses the change in the multiplication factor assoclated with e
t

ne crogs gec

ion. Similarly

AL -
_ 3\ 1‘ (6. — 0. ) (6. — 0 _) ¢*
~ A, 1 i-] 1 i3 171
N . i =
Lok dem (701-73
AT - 3¢ i< -0
“ ol S R
<L .1 1 1 1
Alce,
-5y e ot
LIRS TR
1 A4 iem P
T — oy -
woaly Z A - s 7 A
N
[ .1 1 1
i
where the rogion of interest m must be for v Zf . # 0. Complicaticns as-
L

zcciated with material interfaces have been avoided here, and tie ecuations
muct be extenced to conesider more than cne grcup and cther dimensions, and
tc treatl the trans-group scattering.

Orice the changes duc to changes in macrosccopic cress sections nave been

determined, the effects of nuclide dernsity changes may be cbtained, but not

in the VENTURE code. Adding contributions gives
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3 i’S[.§“ LI T T S VA o A (o)
- - f;. - R IS : - N 1 K} frmdl=J)
ANy ] L axJ o Jb}m Aop a 110’m v z,f’m) cwb)m {

m J

where Db n is the density of a nuclide in region m and indsex j is over ap-
2

propriate cross sections,

- d
Since 5. =) W SERLp ;
Jym 4L, “b,m J,o,m 7 a N, J,b,m
b b,
d D
. 1 m o
= = el = 3T O :
Dy 5 2 o AN e tr,b,m’
J2 b,m tr,b,m a
b
, = v O - - ~ v O ;
v Zf,nx LJK%,m./ ', b, m’ d Nb / f,b,m’
ks > 1
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This does assume consistent treatment over the individual zones of material.

The estimate of the effect of an actual change, decreasing in aoouracy as

R} . - o . . .. , Ak . oz T

the amount of change increases, 1s then = Rl (7217
&AJ.b jas -]b

The Perturbation Equations

Within region m, the charge in multiplication factor relative to change

in a macroscopic property ig calculated as
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2 :G.(n)
1
(721-8)

ok iem

KoX T *
-§ E E %
mn R - Vi x(m,g) oi,g v f,n ¢i,n
i g

n

where X refers to a macroscopic property in region m,i refers to a space

reoint in geometric space and g and n to energy groups. Gi is defined below.
It is assumed in this discussion that Eix(m,g) = 1.
g
- N y
X = Z‘a(l’l), 2 (p) :/ /’<1’1_'g>, OI‘D(H)B \H)
£
*
— G, {(n) =V, e
() =V 6, 6, (721-9)

X = % (g=n)
#*
. . . (721-10)

X = Din)
2 3t . ' -
‘ - ¢ 721-11
W ¢1,n él,r Osnl s internal, (7 )
1 1 ’ ¢ * ‘ )
&, t A, D.(nj‘{ [éi,n éj,n] [9i,n éj.n] > at
i “1 ) Sl -
< Ai Djinj
ul(n> - ;,AJ material interfaces, or
J

1 1 % .
B C cent tc
Ai (j"—vffTﬁj——] @i,n ¢i,n , adjacent

1
L A.C (n

1 S
any black boundary.
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Here j refers to each of the nearest neighboring mesh points, Aj is the
normal leakage area, and Ai is the distance from a point to the appropriate
interface between mesh points, Cs(n) is the internal or external black
boundary constant (see section 702). At reflecting boundaries there is

zero contribution.

X =v Zf(n)

\f o .
ol e e S ~ g -]
ui(n) = ¢i,n 4 X(m,g) ¢i,g . (721-12)
Z

Calculation of & temperature or power coefficient of reactivity would be
done directly from the partial derivatives discussed above using additional

data,

_5 B Eﬁ Sk 1%
3P 5X JaF
£

where XE refers to cach contridbuting macroscopic property ineluding cross
sections and diffusion constants. To consider the general situation,
discrete changes would have to be considered. Thus resonance calculations
may be dene at two temperatures representing some desired changes, and the

generated micrescopic data used in the form:

545,

(%]
e

21-13)
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where X£<PT) refers to a macroscoplc cross section determined frem initial
i

nuclide densities and the criginally specified microscoplc c¢ross =zections,

X (P ) refers to the alte

ed value due to specified changes in nuclide
d@n ities ana new microsceple data

Importance maps over space may ve obtained. "Importance' s used
here to mean tke ccontributicon to the multiplication factor per unit volume

from some factor, namely
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I. (e) = - o (721-14)
- / .

for the one-grour situstion treated above, where 1 represents a mesh peint
lozaticn and the contribution from compcnent ¢ tc the macrcscopic c¢ross
section X on a unit volume basis is shown to be given the flux times ad-
Joint welghting.

rrempt Neutron Lifetime

For the estimate of the prompt neutron lifetime, the weighting is of

reciprocal neutron veleccity, Eg. 721-15 applies

v

zn: ; 7oy et
) %‘{: viEg: X (m,g8) ¢i,g;V “e,n %10

(721-15)

> >

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 - Za.

To produce additional information at the macroscopic cross—section

level, the effects of relative changes in the cross sections are calculated.

Consider

- sk - ak -
Ak = 5 = f Z =) (721-16)
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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 [ 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 ey - 3k 21-17
o - Z[ (fb)] : Z[az (2)] (721-17)

and again f is set at unity. The results are obtained for individual
contributions, summed over zones, energy, zones and energy, and individual

c omponents added, by user option.
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Conclusion and Glossary

We expect this code block and its documentation to improve with
time., Feed-back 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 require-
ments found over a period of years at ORNL. Several analysts have made
direct contributions. Methods in use have undergone a continuing improve=-
ment 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.



900-2

Glossary

Absolute Convergence. The difference between 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 solution.

Adjoint Solution. As opposed to the direct, forward or normal solu-

tion of the differential equations expressing a neutron balance, these
equations are rvecast in the true adjoint form appropriate to perturbation

theory (matrix elements are transposed about the main diagonal).

Blunder. That which produced an error, more often having human

source than machine.

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 vari-
able, 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 fluctuates
about some value when further resclution is not possible due to limited

signficant figures carried in digital calculations.

Discrete Formulation. A differential and/or integral equation in-

volving continuous functions is recast into a finite-difference represen-
tation 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.



900~3

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 and is based on

the iterative behavior over three or more previous iterations.

Fission Source Distribution Function. In the discrete, multi-energy-

group representation, neutrons produced from the fission reactions at one
geometric location are summed and the total is then distributed in energy

by this distributon function.
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 arrangment 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 imner~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
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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 den-

sities 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 once (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
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 ervor 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.

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

&ty

2 Zf = P (Zf).
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Rate of Convergence. A measure of the rate of approach to a solu-

tion: 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 (Zt). 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 omne side and the result obtained
by use of current iterate estimates of the unknowns is called 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 dimen-~
sions 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

processer 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 sub-
zones of material having specified volumes (each having nuclide concen-

trations).
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Appendix A: CROSS-SECTION PROCESSOR CODE BLOCK

Presented herein is primary documentation of a code block designed
to process microscopilc cross—section data. For example, it will convert
a nuclide-ordered IS0TXS 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:

Al. Code Block Specifications

A2, Tasks Performed and Order of Performance

A3. Computer Requirements

A4. Use of Logical Data Storage Units and Interface Files
A5. Code Structure and Subroutine Referencing

A6. File Specifications, VERSION-IIL for cross sections
o 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 -

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.
2. Provides selectivity to eliminate extraneous data.

3. Provides flexibility to collect data for isotopes or other

mixtures as desired.

4, Provides for adding libraries (files) together, as well as

selecting data from two or more nuclide-ordered files.

(not done) 5. Provides for basic integrals (reaction rates) over energy of

principal cross sections to test data.

6. Provides for condensation of such data as Xvof(g+g') for simple

treatment.
7. 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.

8. Provides at least elementary capability for converting data

from old formats.
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Energy Groups - 1 to 1,000, but fully variably dimensioned.

Nuclides ~ 1 to 500, but fully variably dimensioned.

Legendre Order - Provision through order 20,

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 misunder-—
standing 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 frhese calculations

are requested.

Under user option:

Full edits of final interface data files.

Special Input Data Requirements - See interface file CONTRL, record XCPINS
(Sectioun 204):

1. Control options for selection of procedures and data file handling.
2. Edit control.

3. Input data control.
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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 con-

densing such data as xvaf(g»g').

Data Conversion -

a
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)

a
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. FEach 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.
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A
Process interface file C@NTRL for |
records labeled XCPINS and DVRINS

{
|2

*IX(S) .EQ.0 ¥ IX(5).EQ.1 & IX(5).EQ.2
Update Convert CITATIGN | Merge two
ISPTXS to ISPTXS ISPTXS
Inpui: E} Input: Input:
CXSPRR version n w1 CXSPRR version n CXSPRR version n
1SPTXS version n o~ CITATION ISPTXS version n-1
Output: ~ OQutput: ISPTXS version n
IS@TXS version ntl o ISPTXS version n output:
I5¢TXS version n+l |
' N\ }_"“ < J
. ¥
Create Mixtures i
< £
é Input: é
. CXSPRR version n !
EE ISPTXS version n %
ot Output: §
— ISHTXS version ntl
\ .
O .
= Edit ISQTXS
53 Input:
= ‘ ISPTXS version n
L]
y A §
¥
Convert ISPTXS
o to GRUPXS
&
1 Input:
~ ISPTXS version n
~t
;z Output:
i GRUPXS version n
X 9
o Jde
o 3
» Edit GRUPXg
~
3 Input: . *Note
Eg CRUPXS version n } "version n" refers to the
. current latest versionat

that stage of processing.

Y
LB



A3-1

Computer Requirements

The requirements of this code on an IBM-360/370 wmachine are given

here.

Core Storage (4-byte words)

Allocation to Without Overiay With Overlay
Program 33K 14K
System Routines 7K 7K
Data 10K 10K
Typical Buffers 9K IR

Total 59K 4LOK
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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 stand~alone operation as

implemented.

Always Required

ITRL (A) CAHNTRL 10 (stand-alone unit,
typical)

IS@TXS to ISPTXS (Update)

I¢UT standard output 6
cxXs (A) CXSPRR 30
ICIT (A) input IS@TXS 32
ISPT (B) output IS@PTXS 34
ISCR scratch 45

CITATIPN to ISPTXS (Create)

T@UT standard output 6
ICXS (A) CXSPRR 30
ICIT CITATI@N 8
IsgT (D) output ISPTXS 32
ISCR scratch 45

ISPTXS + ISPTXS to ISPTXS (Merge)

IGUT standard output 6
ICXS (A) CXSPRR 30
ICIT (C) primary input ISPTXS 31
TETH (A) secondary input

ISPTXS 32
ISPT (B) output ISPTXS 34

ISCR scratch 45
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IS@TXS to ISPTXS (Create Mixtures)

1¢UT standard output 6
TICXS (A) CXSPRR 30
ICIT (A) input ISPTXS 32 or 34
IS@1T (B) output IS@TXS 34 or 35
ISCR sciratch 45
IsC? scratch 46
IDA3 scratch
(direct access) 23

T@UT standard output 6
ISGT (A) TSOTXS 32 or 34 or 35

IS@TXS to GRUPXS

IgUT standard output 6
IS@T (A) IS@TXS 32 or 34 or 35
IGRU (D) GRUPXS 11
1SCR scratch 45
IDAL scratch
(direct access) 27
IDAZ scratch
(direct access) 24
EDIT GRUPXS
gurt standard output 6
IGRU (A) GRUPXS 11
Notes:

(A) Asks SEFK for latest version to read.

(B) Asks SEEK for a new version to write.

(C) Asks SEEK for the next to the latest vetrsion to read.

(D) Asks SEEK for the latest version to write, if none available,

asks SEEK for a new version to write.



IAFPORMATION ABOUT SUBRQUTINES

CHoF oKk ook ok ok Bk RS K R RO R Rk ROk R ol R R B R ok Sk Rk ok R ko o ok ok Aol e ok ok

C
C CROS3 SECTICN PROCESSCR SUBROUTINE CRCSS-REFERENCING
C
C SUBROUTTINGE o 4% ok %ok o okok dok ok CALLEQ SUBROUTINE ¥Rk Fk kR kX ok Rk okok ok kR Kk
C
C CHOL
C CTI1 CTT2 CTI3 REED SFEK
C CTI2 CHOL HCHK ISTR REED RITE RSTI
C CT13 REED
C GXS81 GXs2 REED SEEX
C GXS2 REED XLET
C HCHK
¢ ITIA JTI2 REED SEEX
C ITI2 HCHK ISTH NPCR REED RITE R57TI
C IXs51 TXS2 REED SEEK
C IXS2 IsTR REED XLET
C MATN Dope LSCI XSCU
C MIXC REED
C MIX1 MIXZ REED SEEK
C MIX2 popC HCHK ISTR MIXC MIX3 MIX4 HIXS5
C NpCa REED RITE XORD
C MIX3 ISTR ¥PCR RFED RITE RSTI XORD
C HIX4 IsTR’ RFED RITE RSTI
C 4T X5 NPCR REED RITE STGR XORD
C 4211 M212 REED SEEK
C 4212 HCHK ISTR NPCR REED RITE RSTI
C NPCR
............ C TRLR CcTI1 GXsS1 ITI1 I%31 MTX1 MZ2I1 X5CH
C XLEI
C XORD
C XSCT FERR REED SEEK SKER
C XscCu DopC ROXX ROXY TRLR FRECOR GETCOR
C X5C1 nopa REED SEEK ¥s5C2
C XsC2 REED RITE R3TY STOR XORD X5C3 X5Cu
C Xs5C5
C Xsc3 IsT3 REED RITE
C XsC4 HCHL REED RITRE XORD
C X5C5 IsTa REED RITE RSTT
C
e ok e ook okok ok okokok o kol ok ok sk ek ok R b ko ok ok R kR ok ek ok o g gk ok R ok ok ok kol okok ek ok ok
Ok kb kkhk kdkkdbkkkkokkkkhkkkkkrhk khkk kkpk rkkhk bk kkkk kR kkkk ki hk hk ik kkkk
C
C CROSS SECTIJN PROCESSOR SUBROUTINE CRCSS-REFERENCING
C
C SUBROUTINE *k¥kkdkkkkkkkikk CALLED FPROM SUBROUTINE dok ok dok Kk kk kR Rk E
C
[ CHOL CTI2
C CTI1 TRLR
c CcTI2 cTI
C CTId CTT1

{CONT)
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toPC
FEFER
FRECOR
GETCCR
GXs81
GX¢e2
HCEK
IS1IA

ITIM
IT1Z
I%<1
IXsz
MAIN
MIXC
MI M
MIXZ
MT13
MIX4
MT X5
211
212
NPCR
REED

RITE

RO XX
RO¥Y
RSTI
SEEKR

SKER
STCH
TILE®
XLFEI
XORE
XSCI
XsSCU
X5C1
X5Cz2
¥sSC3
X5C4y
X5C5

Seok e Rkt ok 3 Aok b Aok e sk ok ok ok ook sk KR R R kst 3ok b oF ok o o b o R ok ot ko ok ok ok ok b ok b ROk K ¥ K KR KR

BAIN
XSC1I
¥sCC
XSCU
TIRLH
GXS1
CTI:
(T1s
XsC:
TIRLE
ITIV
TIRLE
IX<1

MIXz
TR1Ib
HIX1
¥Idz
MIXz
PTXz
TRL&A
¥211
ITIz
CTIi
IL¢1
EIX5
XSC4
CTIz
¥SCz
XSCE
XsSCU
CTIiz
CTIi
X5C1
XSC1
FT XS
XsCt
GXSz
MIXe
¥AID
MAIN
TR1E
XSCA1
¥SCe
XSCe

XSz

MIX2

1112
ITI2
XsCe

MTX2
CTIZ
IXSzZ
MZIY
XSCS
IT12
xsc3

X5C2

IXS2
MIX3

iI5CU

MrY2
IXSz

= B OR
[ N
— D b e
N O oW

2
—
Dt
N

XscCy

¥IX3
ITI11

AS-2

¥212
MIXZ

¥IX5
cxS1
FI¥T
XSCT

FTX3
Xs(E

LT
IxXs1

(CCNT)

XscCy
MIX3

M212
GXE2
MBI X2
X5C1

MT X4

M212
MIZX1

MIX4

ITIN
MIX3
XsC2

XSC2
¥2I1

M212

IT12
MIXG
XSC3

M212

XS5CS
¥SCI
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sNaReNaNsReNaRtEeNes oo e Ns e EskeRe e Ra N Ns ke Re e Na e Re e NN ke

SIMELE CVESLi2Y STRUCTIUERE FCE CROSS SECTICN PROCESSQR

MAIN
XscI
XSCT
TRIF
HOER
NPCE
XOEL
XLEX
DCEC { FOXY) LIBRARY
RITE(FEEEL,FCXX) LIBRARY
SFEK LIBRARY
STCH LIBRAKY
ISTR TLIBRARY
RSTI TIBFARY
SKER LIBRARY
FTER LIERAEY
GFTCOE LIBRARY
FRECOF LIBREARY
DEFILE LIBRARY
CICSDA TIBBARY
&
E ']

de dkod ok ok Aok ok b o ok ok ook ook ok okook & % ok Rk sk % ok b % b o kR Rk Rk R ok Rk

* * * * * ¥ %*

ITI1 C€TI M2I1 MIX1 IXS1 XSC1 GXS1

1712 CT12 8212 MTX2 1852 X3CZ GASZ

£T13 ¥TX3 ¥5C3
CHCI MIXC XSCh

MT 34 XSC5
MIXS

sk %ok ot o okl o oK OR A ok R ok S ke o ok ook ok ook R RO R R ok 8 ok b b o s b sk oh b ksl b ok R ke ok ak ok ok ok ok 0% B ko ok ok
Ok Gk 4%k 3 2 A% d Ak ok ohk bk bk dkok ¥ Ak A ko ko ke ok kK ok kkokok ook kg dok ok ko

SOODOONONNNN OO OO0

NON~STANLARD SUBROCTINE USAGE TN CICES SECIICHN FERCCESSCR

LEEILE {CALLED FEOM DCPC) 2SSEFELER LANGUAGE RCUTINE
JSED TC CEFEN L[IRECT ACCEES FILES ~ REPLACES THE
IB™ DEFINE FILE STATFKENT

CLOSDA {CALLIED FHOM DCPC) ASSSPEIZR TANGUAGE RCUTINE
USEr TO CIONSE TIFECT ECCESS FILES OPENED
WITH LEFIIP

GETCCR/FFEZCCEF{CALIEL FEOM X5CU) ASSE¥FLER TANGDAGE RCUTIINES
GSED TC DYNAMICRITIY AIICC2TY ANLD GELEASE MAIN
CORE STCE2GE

CHCL {CALLELC FROM CTIZ2) NCAMSTANDARD FCETEAN RCUTINE
OSTL TC CCNVFERT FOUR CHARACTER SINHNGLE PRECISION
A0LLERITH HORLE 10 €Iy CEARACIELR ECUBLE PEFECISICH
HOLLEFITHE WORTS. USEL ONILY IN CONF¥ERSION CF
CTTATICHK CROSE SECTICHS TC ISCTXS

o ook ok K of ok o KK N R kKRR KRR Rk Bk ok ke op ok K ok ok ok o % ok b B o b ok Bk b ke dook Ao ook ok ok 26 % ook o ko9 % ook Rk

[CeNT)
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INTERFRCE CATA FILE SFECIFICATIONS

[ ELELREEEERE LSRR SRR EREL RS ERER b st iRt R E P E TS L LS S

C FEREERREL 10,118,772 -
C -
C¥ CXSPER -
CE CATA ECR CRCOSS SECTIICK IROCCESSCE -
C -
CH SEF INTERFACE FIIE CCNTRL, RECCEL XCEINS, FGF REFERENCES -
CHN TIC ArsiY 1X -
C -
C koo dok dhdokok ol Ak o B 8 K Ik ok ok 3k ok Ok b ok BOKOK ok o ok ook 0K e e ok %% e dede e o o ke ko Sl e
(o e o o e e 1 " 0 7 " 7 T S " " o o > 0 o o . 11 T T o 7 e 2 e ot 2 e o 2
cs FILE STRUCTURE -
Cs -
cs RECCAD TYPE FRESENT IF -
fole] B IS IO ISR IS DIT IR TEZITZ oSS ERESSE -
cs FILE IDENTIFICATICN ALWAYS -
cs FIIE CONTECI ALHWAYS -
cs CIIATION SET NUMBEKRS HCE{1) GT O -
Cs NEUIRON ENEFGY SEICTEHUM NCP{3) GT O -
Cs THAKSPORT MUITIPIIERS NOP {4) 6T O -
C3 -
cs Aakked [REFFAT FECM 1 TO NOF (%)) -
cs * TSCIOPE DATA NGE{5) 6T 0 -
Ccs EERLE S -
(B -
cs *R¥x24 [REFEAT FFCM 1 TO NOF {£)) -
Cs *  IS0TOPE NAMES IN KIXTURE NCE(6) GT O -
Cs ¢ IESCTI0PE TENSITITIES IN MIXTCURE NCE(6) GT O -
Ctg LE EL T R -
Cs -
cs *%4%43 [RAEPEAT FECHM 1 TC NOE!€}) -
cs * MIXTURE DAIA NCE(6) 6T O -
s LEREERE] -
C -
(T oo o e o o e e T S e k000 e > 5 A8 S A8 A 2 T > W D 2 2 s 2 A
(C e o o v oo o o - 1 - 4 2 o8 o o o s 7t o B o S ot T " .~ T 1o o7 S 2 S o . e
CR FIIE JLENTIFPICATION -
C -
Ci ANAME, {HUSE {1),I=1,2),IVERS -
C -
C¥ 3*FUIT ¢ 1 -
C .
cD HNAME HOLLERITF FILE NAME - CISPRR ~ (36) -
Ccp HUEE HCLLERITE USEEF IDENTIFICATION {[A6) -
CtC IVERS FILE VERESICN NUMBER -
ch MOIT DCUBLE EFECISION PARAMEFTER -
CC 1 ~ A6 WCERD IS SINGIE WOFD -
cD 2 ~ R6 WCED IS TUCUELF PRECISION WORD -
C -
({7 s o o e ot ot 2t S S i W S 2 o g 2 e A e e S P 4 i S T . . 0 o P T A L % P P i ot T

{CONT)
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C ______________________________________________________________________
: FIIE CONTHCI -
¢ .
c1 INCE{I),TI=1,24) -
C -
CH 24 -
C -

5 NOE {1) NUMBER CF CITATION CEDSS SECTICK SETS T0 PROCRSS -
cr (IF KOE(1) EC C ENL IX73} EQ 1 ANT IX (5} EC 1, -
co SET CNF WILI EF ERCCESSEL) -
cT NOE {2) SCATTERING BICCKING FACTCR FCSK NUCLICE~CFCE®EL -
CD FILF CREMET FECH CITATTCN CHCSS SECTICHS -
cr 0 - NSBICK = 1 -
cr N - KSBLCK = X, IF (N3ROUE/W)*N FC NGEOUE, -
cT CIEERWISE KSEICK = 1 -
cr NIP () OPIICH TC INEUT A NECTHCN ENERGY SEECTHUR -
cD 0 - X0 -
cr N - Y25 (N SHCULL EF 2CQUAL TC THE NUEEER CF -
CD ENEFGY GROUPS CN TEF CROSS SHECTION FILE) -
Cro NOP {4} OPTICN TC CREATE ESEULC CIRECTION CEEENLENT -
cD TEENSPCRT DATA -
cT ¢ - %0 -
cn 1 - YES -
cE NOP (%) OPTION 7C INEGT CVEBEILE DATZ FCR ISCTCEES -
CD 0 - KO -
cr N - §¥$ 4N IS IHE NU¥BER C¥ FECGFCS CF DATR) -
cD NOE {6) NUMEFF CF MIXTURES (FSCUIRED IF IX(11) EC 1) -
cr NOE ) MAXIMGE KUMBEE CF ISCTCEES IN ANY MIXTURE -
o {RECLIRETC IF IX(11) EQ 1) -
co NOE {8-9) RESEFVEL -
cL NOP {10) OPTION CK USE OF THE CVEFRIDE DATA FCR ISCTOEES -
cp WHEN NOE{S) GT ¢ (RPPLICABLE ONLY WHEN -
cT IX{3) EQ 1 AND IXI5) BC ) -
co § -~ IATA COFRFSECNCS WITE THE CRLER CF -
CD ISCTOEES IK TEE PILE -
cT 1 -~ DATA IDENTIFIES ISCTCERS TC EE SELECTEL -
o EY UNIQUF 1SCIOPR IAREL -
cr NOE(11-23) RESERVED -
ch NOE {20) OPTION CX FLIT CUSING CITATICN CROSS SECTION -
ct PRCCESSING -
ol 0 - ¥0O -
cT 1 -~ YES -
C -
c ---------------- - N G W MDA W A o AT AD AD D W WD W W T W e WM MR WM AR T A W A M e AR en D AD XD BT FR KM WA D M m m wn e S an

ICCNT)
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o an o o om o 2 s e e e - 8 2 A A 1 = o r o o 2 A e o o o o = o 2 v
CR CITATICN CROSS SECTICHN SET NEMBEES -
C -
oo ERESEST IP NCE(1) GTI ¢ -
C -
CL {ISET{1),I=1,N0P1) -
c -
cH NOE1 = NOP {1) -
C -
CLC ISET SEY1 NUMBERS TN ASCENCING CRDER CF AEEEARANCE -
co I¥ TIBRARY -
C -
Crom o o o - ot o e L L A 7 7 AR A o 7 s s o D BB e St S S A A . i
C ........................................................................
CR NEUTRGN ENERGY SEECTEUM -
C .
cc PRESENT IF NOP{3) GT © -
C -
cL {§CT{I),1=1,N03P ) -
C .
ci NOE2 = NCP{3) .
C —
cr WGT SPECTROM FO& WEIGHIIN IX MIXTURE CAICULATION -
C -
[t i R R P W e v W Tm e Ve WU e AT A v M W e e M W T e e W B e ST AR R WA W WD AR W M e e AW AR AR e e e e
C .......................................................................
CE FUITIEITERS ¥CF TRANSEOFT CHCSS SECTION -
C -
cc EREESEMT IF NCE{4) GT O -
..... ¢ .
cr (TEMCD {I),I=1,3) -
C —
CH 3 -
C -~
Co TIMCD MULTIPLIFR FCR FACE COCHRDINATE DIRECTION -
ctT STREL(T) = TRMCD(T)#STRPI{1) FCE FACE ENERGY  ~
C -
C .......................................................................
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CR TSCTCEE DAT2 -
C -
cc ERESENT IF NOE{5) 6T O -
cC THERE MUST BE HOE{S) RECORLS -
C -
cn KHEN NCP(10) EC C, -
ol THIS L[ATA MAY BF USFEL EEN IX{3) 20 1 TO CONIROL THZ -
o ERCCEESING GF IHE INEUT CRCSS SECTICES. THE CRLEE -
o CF THESZ RECCHES MUST BF ONI-TC-GNE WITH THE O3DER -
cH OF TEE ISOTOBEES IN THY INETT CECS3 SECTICKS. FCR TACH -
cy ISCTCEE READ FECK THF TEPUT (RCSS SRCTICNS, CNE EECORD -
cH IS REAL FROM THIS DATA -

{CCET)
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CN A) IF HISCNM EQ G6ECELETE, TEF DATA FOR THIS ISOTOPZ -
CH IS NCT WEITTEN ON THE NES WUCIIDE-CECERED FILE -
CN B) I¥ HISCN® N2 GECELETE, TEE DATA FOR THIS ISOTOPE ~
CN WTLL BE COPIED TC THE NEW NUCIICE-CRCEREC FILE -
CH ‘NCN~-BLANK CR NNDN-ZEFRC CATA WILL REPLACE 1THE ~
cN DATA CN THE NEW FILE) -
CN C) 1P AFTER REALIKG NOE (%) FECORDS, THERE ARE ISOTOPES -
cN REMAINING IN THE INEUT CFCSS SECTICNS, THCSE -
CN REMAINING WILI BF DELETEC FROM THE NEW FIIE -
CN -
cN SHEN NCP(1C) EC 1, -
CN THIS CATA MAY FE USEL WEEN IX‘¢3) BEQ 1 AND IX(S) ¥Q 0 10O -
CH CONTRCI THE CONTENT CF IHE NEW ISOTXS FILE. THE CERDEE -
cw C¥ THE RECCRLS IS NCT SEECIFIEL SINCE THE ONIQUE LABEL -
cN {(HISONM) IS GSEL TO IDENTIFY ISCTIOEES TC EE COPIFL TC -
CN THE ¥EW PILE. NCK-BLANK OR NCN-ZERO VALUES POR T#E -
CN EEST OF THE DATA WILL BE ECT CN THE NEW FILE. -
o] 1HE UNIQUE LAEEFI CAN KOT BE CHANGED WHEN USING THIS CPTION.-
cH -
CHN IF THIS DATA IS NOT ERESENT, ALI ISOINOPES ON THE INPUT -
cN CRC3S SECTICNS KILL EE CCEIFL 1C THE NEW FILE -
C -
c1 HISCNM,H2PBSIE,4MAT,AMASS,FFISS,FCAET,KER, (ICP(I),I=1,3) -
c -
cw I*MOLT + 7 -
C -
cE BISNNY HCILERITH ISCIOEE IAEEL [UNICUE)  1A6) -
co HAESID HCLLERITE ISCTOEE LAEEL {ABSOLUTE) (A6) -
ctT HMAT HOILERITH ISCTOFE IAERT [REFERENCE)  [A6) -
cr AMASS GRAM ATCKIC WEIGHT -
cn EFISS TCTAL THERMAL ENEFCGY YIELD/FISSION (W.SEC/FISS) -
cc ECADT TOTAL THEEMAL ENEAGY YIELC/CAETURE [N,GANER) -
cr (W.SEC/CRET) -
cc KBE ISOTCEE CLASSIFICATICK -
cr 10E RESERVEL -
C —————————————————————————————————————————————————————————————————————— v - —————
C mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm A - A N - — s . ——— . o wm  ———
CR ISCTCEE NAMES IN MIXTLRE -
C —-—
cc PRESEST IF NGP(€) GT € -
cc 1HIS BECORC BNL THE FECCGHD FCLLCWING APPEAR IN PAIRS -
cc THERE MUST BE MCE(6) EARIRS -
C -
cL (HISOMX (1) ,1=1,NCP7) -
C -
cW MULI*NCET = MOLT=NCP{7) -
C -
CE 0T SOMX ONIGBE NAME oF ISCTCEE 1C BE INCIUDEL IN BIXTURE -
co {ETENK NAFES ALE IGNCRED) -
C -
cN ANY I5CTOFEX INCLUDETC IK A MIXTORE WIIL BE DELETED FROM THZ -
o NEw FILE -
C ———————————————————————— A T T o o A AT e A AT T A A s Y R 3 i s e T ae e i i
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L o e e i o m W VB T T e e G a2 W o A e 0 e L D Vo e o R i 7 o o 12 2w 40 o s o 00 v o
Cx 1SCTCEE DENSITIES IK MTXTUEFS -
C -
cc ERESENT IF NOPI€) 6T C -
[ -
CL {RLCENS {1),1=1,40E7) ~
C -
C® NOET = NCE{7) -
C -
D RDENS DENSITY CF ISCTCPF TC EX INCIUDEL IN MIXIURE -
C ....................... W W S WA An D A A A N AN Wb AR W W R S T W e O Wm0 e T e A AR A A . o
C .......................................................................
CE FIXTUEE DATA -
C -
cc ERESENT IF NCE{6} GT 0 -
cC THERE MUST BE NOE(6) EIZCORLS -
C -
c1L HT SONM ,HABSiL,HMAT,AMASS,EFISS,ECAET ,KER, [TICE(I) ,I=1,3) -
C -
cW IEMOLT 4 7 -
C -
CT BISONY HCLLEEITE MTIXTUSE TAEEL (UNICUZ)  (a¢€) -
cr HAESID HOLLERTITH MI¥TUFE IAEEI (AESCLUTE)  {A6) -
cD HMAT HCLLERITE MIXTUKRE LAFFL (REFERENCE) ({A5) -
cr AMASS GRAM AICKIC EIGHT -
cn EFISS TCTAL TEERMAL ENERCY YIFID/FISSION (W.SEC/FISS) -
cr ECAPT TOTAI THERMAL TNERGY YIFID/CAPTUREIN,GAMFKA) -
cOD (W.SEC/CRAET) -
ct KBR MIXTURE CLASSIPICATICN -
cr 10F RESERVED -
C -
cH NCN-BLANK DATA SHOULD BE SUEEITED POF IAEELS -
CH ANC NCN-ZERC LATA FOF KER -
cN AMASS, BFISS, AND ECAET ARE CALCULATED FCR MIXTHEFE BOT -
cN ¥AY EE REELACEEL EY NCN-ZERC ENTFRIES -
C -~
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CECF

EN¥D CE AFFENDIX 2
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Appendix B: CODE BLOCK TO CALCULATE REACTION RATES, ETC.

This code block produces reaction rate integrals by nuclide, certain
summary tables, and such auxiliary results as the primitive fuel conversion
(breeding) ratio. 1t is compatible with the VENTURE code and operational
locally 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 is intended that this code block perform a variety of tasks on
demand, independent of the neutronics model applied, using cross sections
and nuclide concentrations from the files used by the neutronics codes
and flux data produced by neutronics codes, and perhaps generate a new
interface data file. A preliminary list of the tasks follows, but only

the first is implemented in this release version:

o 1. Calculate by zone (and sub-zone) 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
4. Basic pertrubation analysis capability considering nuclide concen-
tration changes and/or microscopic cross section changes and
weighting of delayed neutron data
5. Generation of a fixed source file, as of prompt or delayed neutron

generation rate

The code structure and subroutine referencing start on page Bl-1. The
module should be simple to implement on a specific computer. An overlay

structure will not be needed for this first release version.
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TAFORMATION ABOUT SUBRCUTINES

(>4 0 o Ak A AR e ok K S A R R R BOR K OKKROR R R AOK K o A oK HOK A Ok dOK ok ok ok Rk ok KK Kk

C

C REACTION PALT MODULE SUBROUTINE CRCSS-REFERENCING

<

C SURROUTINE bk sk ok ok % okok ook sk okok CALLED SNBROUTINE B o 3 ok o ook ok kR K R ok K ok sk ok k&
C

C MAIN bope RRCI KRDS

C RRCI FERA REED SFEK SKER

C RRDS no Pl ROXX ROXY RRTY FRECOR GETCOR

C IIATA REED RITE

C RR T3 REED RITE

C RRATC REED RITE

C RRTD RERD

C KRRTHE RITS

C RRTF

C RRTG BEED RITE

C RRTH REED

C RRTI REED RITE

C RRTJ RFEJ

C RRTK REED

C RRTL

C RRTM

C RRTIN

C RRTO REED

C RRTP

C RRTS nopc FERR

¢ RRTT RITZ

C RRT1 FEER REED RRTA FRTR RRTC RRTD RRTE
o BRT# RRTG RRTH RRTT RRTJ RRTX RATL
C RRTH RETHN RRTO RRTP RRTS RRTT RRT2
C RRT3 RRTY RRTS RRTE RRT7 RRTH RRTY
C SEER S5KER STOR

< RRT2

C RATI REED RITE SEEK SKER

C RRTY

C RRTH

c RRTA REED RITHE

C RRT7 REED RITE

C RRTR

C RRTI REEQ RITE SEEK SKER

c

e ok o ok ok ok kolokok ok ROk B0k K kol ok dokokok dokokoRokoRok K ok ok Rk ok kR Rk R Rk R kR R Rk XK Rk Rk kK

{CONT)
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C % okl e doOROR Bk ook ok ROk R 3K kol ol ok ok ok oK ok i ok ok ok ok ok ok ok ok ok ok ok ok ok ok R ok k& Solcokok

C

C REACTION RADE MODULE SUBROUTINE CRCSS~-REFERENCING

C

C SUBROUTINE *¥%k¥kkkkxksxk CALLED FROM SUBROUTINE #%sfkkkkk&irprkeex
C

C DOPC MATA RBDS RRTS

C FERR RRCI RRTS RRT1

C FRECOR RRD3

C GETCOR RRD3

C REED RRCIL RRTA RRTB RRTC RE™D RRTG RRTH
C RRTI RETJ RRTK RRTO RRT1 RRT3 RRTH
C RRT7 RRTY9

C RITE RRTA RRTB RRTC RRTE RRTG RETI RRTT
Cc RRT3 RRT® RRT7 RRTY

C RO XX RRD3

C ROXY RRD3

C RRCI MATA

C RRDS KATA

C RRTA RRT1

C RRTB RRT1

C RRTC RRTI

C RRTD RRTI

C RRTE RRT1

C RRTF RRT1

C RRTG RRTI

Cc RRTH RRT1

C RRTT RRT1

C RRTJ RRTI

Cc RRTK RRT1

C RRTL RRT1

C RRTH RRT]

C RRTN RRT1

C RRTO RRTH

C RRTP RRT1

C RRTS RRT1

C RRTT RRTI

C RRT1 RRDS

Cc RRTZ RRT1

C RRT3 RRTI

c RRTY RRT I

C RRTHS RRT1

C RRTH RRTI1

C RRT? RRT1

C RRTA RRT]

o} RRTS RRT1

C SEEXK RRCL RRT1 RRT3 RFP 19

C SKER RRCI RRT1 RRT3 RRT9

C STOR RRT1

C
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(CONT)
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C RRT1

C DCEC{EOXY) LIBEARY
C RITF{BFEI,RCXX) TLIBRARY
C SFER LIBEARY
C STCE LIBRARY
C SKER LIBFARY
C FEER LIBRARY
C GEI1COFR LIBRARY
C FRECOF LIBRARY
C DEFILE LTEHARY
C CLCSD? LIBRARY
C *

C *

C LEE R EREEE SRS RS ES RS EEES R RERE R L)

C * * * * * *

C RRT2Z FRT13Z RRTA RRIG FETI ERTO

c RRIE FRIS RRTE RB1H FR1J BRTE

o RRT7 FRTT ERIC FR1E

C RRT4 RRID FETK

c RRIF RRTE RRTIL

C RRIS FR1H

C ERTN

C FE18
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Appendix C: LOCAL USE OF THE VENTURE AND RELATED CODES

The VENTURE code is structured as a module for use in a computation
system aiong with other codes. Locally, a standard input processor, the
cross section processing code (Appendix A), the reaction rate code (Appen-
dix B), and special input data processors are used. Typically, microscopic
cross section data must be converted from a nuclide ordered file, ISOTXS,
to one in which the data is ordered by neutron group, GRUPXS, by the cross
section processor. To produce such information as integral reaction rates

by nuclide, the reaction rate module must be used.

For any implementation of the VENTURE code, some scheme of access
must be used. A stand-alone version of selected code blocks can easily
be implemented, although there would be obvious limitations, especially
regarding extensions. A primary objective of this effort was to produce
codes which could readily be introduced into a system for computation
basically compatible with general inter-installation ground rules. Thus
these codes do not read user input data upon access, rather files con-
taining the necessary data and instructions must have been generated prior
to the code access. Data interfacing between codes is through well-

defined data files.

For production application locally, a driver code is used to access
the code blocks as instructed by the user. This section of the documen-
tation describes the code set and a simple driver used routinely and its
input data requirements. Also discussed are detailed instructions on
running VENTURE locally on the IBM-360/91 and IBM-360/195 computers. The

driver routines are shown at the end of this Appendix in Table C-6.

The Code Set

BOLD VENTURE is the name of a partitioned data set for the IBM-360
computers which contain independent nuclear codes stored as separate load
modules. Any of these may be brought into memory by a suitable driver
and executed. The sequence of execution is limited only by data communica-

tion regquirements. The scheme and form of user data input to the implemented



Cc-2

driver was chosen to allow general application of VENTURE and associated
codes on a production basis, locally and via remote terminals. Additiomal
code blocks are being phased into the set and the driver functions ex-
panded to add sophistication and provide interface data file management

capability.

Driver Input Instructions

Input to the driver consists of a Title card, an Option card, and
Path cards specifying the order in which the various code members are

to be executed. The contents of these cards are described here.

The Title Card (Format 12A6):
This is the run title card and is printed along with other edited

output from each code accessed.

The Option Card (Format 916,613):

In the following description of each individual number, the card
columns are shown in parenthesis following each name and any default
values are shown in parenthesis following the description.

IP1(1-6)-Memory allocation of the primary container array for the
variably dimensional data of each code, 4-byte words,
(040000) .

IP2(7-12)-Memory allocation of secondary container array (000000).
IP3(13-18)-Memory allocation of a tertiary container array (000000).
IP4(19-24)-Maximum block size for direct access data files, 4-byte

words, (7200).
IP5(25-30)-Total computer central processor time allowed for the run

(tested prior to any code access), minutes (5).

IP6(31-36)-
TP7(37-42) -
IP8(43-48)~
1P9 (49-54) -
IP10(55-57) -
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IP11(58-60)~Stand-alone flag
O-codes are accessed in a true modular code set environ-
ment, recommended.
l-codes are accessed as if each were a stand-alone code.
IP12(61-63)~
IP13(64-66)-1f >0, the STFK tables will be initilized prior to each
access of the standard input processor code.
IP14(67-69)-Debug flag, if >0, the SEEK tables will be printed after
each code access,

IP15(70-72) -~

The Path Cards (Format 2413):

Each code in the set is assigned an integer number and they are ac-
cessed by the driver in the order in which their identifying number ap-
pears on these cards. A maximum of 96 entries may be specified. This
referencing, which must be known to the user, i% assigned as follows:

{

. a . o
The standard input data processor = which generates the Standard
Interface data files (see Section 204).
~ Special processors discussed below,.

2
6 - The cross section processor code.
7 - The VENTURE neutronics code.

9

~ The reaction rate calculation code.

A blank entry signals the end of this data. Tor example, to instruct
the driver to access the general input processor, the cross section code,
VENTURE, and finally the reaction rate code, a card would be punched

16.790.

Special processors are allowed in the BOLD VENTURE code set. These
codes may read user input in any format (described elsewhere) and write
various standard interface files for use by the other codes. The driver
is instructed to access a special processor by an interger 2 on the path
card, and the particular processor is identified by a name (Format A6)

e in the input data stream. Following this special identification card

must be any input data required by that processor. The following names

#1bid., p.403-1.



identify special processors which are in production use:

DCMACR ~ Reads CITATION format macroscopic cross sections and writes

a pseudo CITATION format microscopic cross section file.

DCRSPR - Reads input data to generate the files CONTRL (Section 204)
and CXSPRR (Appendix A) required by the cross section pro-
cessor code.

DVENTR - Reads input data to generate the necessary interface files
required by VENTURE (see Section 104), excluding cross
sections (ISOTXS or GRUPXS file required).

DUTLIN -~ Reads input data to generate the file CONTRL required by

the reaction rate code.

As an example of the use of two special processors, consider that the
the standard input processor is to read input data to generate an ISOTXS
file, use the special processor DCRSPR to produce a GRUPXS file, use the
special processor DVENTR to write the files needed by VENTURE, and finally
execute VENTURE. The Path card supplied to the driver would contain
1 26 2 7 0, and the input stream would contain:

Driver instructions
ISOTXS data to be read by the standard input processor

The DCRSPR card followed by input for this processor

M~ W o e

The DVENTR card followed by input for this processor

Running VENTURE on the IBM-360/91 (ORNL)

The first part of this discussion describes running VENTURE on the IBM-
360/91 computer located at the ORNL site. A discussion of running VENTURE
on the IBM-360/195 computer located at the ORDGP site starts on page C-22.

Job Control Cards

The IBM-360 Job Control Language is quite powerful, but complicated
and therefore difficult to use. Most of the job control cards required
to run VENTURE are stored in a procedure library and referred to.as a
"catalogued procedure." They are reltrieved and altered automatically at
run time. To execute the code, Figure C-1 shows a typical set of job
control cards required in addition to those stored. The numbers at the

right~hand side are not punched on the ‘cards,; but refer to the noted
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discussion following. Also, no blank cards are permitted; the ones shown
are for clarity only. The user should read the notes carefully to under-

stand how to use the VENTURE code.

Note:
(1) The parameters UID, X, Y, ZZZ, CHARG, and the contents of columns

38-57 are job and user dependent and are described below.

UID -~ This is the users' identification and is assigned by the
computer dispatcher (see Services below).
-~ Any one digit number or letter.
1

~ This is the job "class" (two places on the card) and is

either D, E, F, or G as shown in the following table.

. CP Time . AN (23 Tapes
Class Limit (min) Region Size Required
D > 5 > 540K No
<5 < 540K Yes
..... F > 5 > 540K Yes
G <0

.5 < 270K Yes

The operating system automatically terminates class E
and class G jobs if they exceed the CP time shown. Class
D and ¥ jobs are terminated at the discretion of the
computer operator if they exceed either CP time or
estimated wall clock time {see Estimated Time below).

777 - This is the expected CP time in minutes and is discussed

below under Estimated Time.

CHARG - This is the users' charge number (see Services below).
Col. 38-57 - This is the users' address and name and specifies where
the job output is to be sent. If the job is submitted

through the PDP-10 by a remote terminal, columns 38-40
may be used to direct the output to the remote terminal

printer. This parameter is GEC for the G.E. terminal

o “see Note (4) below.



FIGURE C-1. CONIROL CARDS FOR RUNNING VENTURE ON THE 360/91.

//7BIDXYZZZ JOB {CHABG,,,99.9000,,1) ,'ADRES,NAME COL 38-57',CLASS=Y,

/7
V4

TY PRUN=HOLD,
MSGLEVEL=(1, 1)

/¥*ROUTE ERINT LOCAL
//STEP EXEC VENTUREX,

/7
Ves
s
es
Va4

NB1=1,NB2=1,B1=3520,B2=32000,N¥=50,85=50,N1=100,

N2=1,N3=1, N4=1,N5=1,Nb=1 N7=1,N8=1,N9=1,N10=1,N11=1,N12=1,N13=1,
NI4=1_N15=1,N16=1,
PARM.FORT='NODECK,NOLIST,NOSOURCE ,NOMAP, NOXREF*,

REGION.GO=33BK

//FORT.SYSIN DD *

/¥

//LKED.BVDRIVER DD UNIT=Z2314,VOLUME=SER=2X2222,DISP=5HR,

Vé4

DSNAME=TBF.BOLD.VENTUHE.DRI VER

//LKED.SYSIN DD *
INCLUDE BVDRIVER

Ve

/7G0.FTY1EQ001 DD UNIT=TAPEI,VOLUME=SER=11,LABEL={,NL) ,DISP=0LD,

Va4

DC B={RECFM=VBS,LRECL=X,BLKSIZ2E=3520)

//7G0O. XYXXXXXX DD UNIT=2314,VO0L=SER=2X2222,DISP=SHR,

Ved

DSNAME=TBF. BOLD. VENTURE

/7G0., FTO4F00Y DD UNIT=TAPLE7,VOLUME=SER=04,LABEL=(,Nl) ,DISP=0LD,

Ved

DCB={DEN=2,TRTCHA=El, RECFM=FBS, LRECL=80 ,BLKSIZE=3200)

//G0. FT16F001 DD UNIT=TAPEY,VOLUME=SER=16,LABEL=(,NL} ,DISP=0LD,

// DCB={RECFMN=VYBS,LRECL=X,8LKSTZE=3520)
/7G0.FTS99F001 DD *
ERRRE R RN EREFFRVENT URE RUN NUMBER 1 - 1/71/75%kkknhkkd k¥ okk
ARAAAA Z7%

7 2 7 0
DVENTR
COMBMENT***x« VENTURE CASE INPUT DATA GOES HERE.
ENDINPUT
DVENTR
COMMENT*****VENTURE CASE INPUT DATA GOES HERE.
ENDINPUT

/%
V4

NOTE
n

(2)

(3)
3
(3)

(4)

(5)
(5)

(6)
(6)
(7
N

(8)
(%
(9)
N

{9
(10)
(mn

(9
(10)
(m
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located at Sunnyvale, California. (See also note (2)
below). A typical card might be
//SCC1FO40 JOB (00001, ,,99,9000,,1), 'GECSUNNYVALE S.CRICK',CLASS-F,

where a fictitious charge number is shown.

(2) This card is optiomal. If it is present, it specifies that the
job output is to be printed at the computer and overrides the
destination specified by columms 32-40 on the first card. For remote
terminals connected directly to the IBM 360/91, this card may be
used to direct the job output to that remote terminal. It would
have the form
/*ROUTE PRINT REMOTEn

where n is the remote terminal number.

(3) These parameters are problem dependent and are discussed under

Problem Dependent Parameters below.

(4) The parameter BBB (maximum 1536) specifies the maximum number of
bytes of core storage (in K = 1024 bytes) allowed for the job. TFor
running VENTURE
BBB4 (AAAAAA) /1000+300
where AAAAAA is the size of the VENTURE data container array (see
note 9 below). 1t is important that this number not be much larger
than that required for the job. (See discussion in last paragraph

under Comments below.)

(5) Any cards included here are optional. They identify logical I/0
unit numbers and override those defined in the catalogued procedure
(Figure C-4). If included, the cards must be placed in the deck so that
the logical unit numbers are in ascending order. SeeeSection 204~1 for

a complete description of the 1/0 units required to run VENTURE.

Logical unit number 11 is the GRUPXS interface data set. It may

previously have been written, or it may be written during this run

depending upon instructions to the driver program (see note 9 below).
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If these cards are not present, logical unit 11 is defined as a
scratch disk in the catalogued procedure, and the GRUPXS interface
data set if made this run would not be saved. The cards shown define
this data set as a non-labeled 9=track binmary tape. Lf the GRUPXS
interface data set had previously been written and saved on a disk,
the cards might have the following forms, where disk is used, not

generally availlable,

//GO.FT11F001 DD UNIT=2314,VOLUME=SER=2X1111,DISP=(SHR,KEEP),

// DCB={(RECFM=VBS,LRECL=X,BLKS1ZE=3500,BUFNO=1),

// DSNAME=TBF.GE.MACROS.X17GR

Here the data set resides on a 2314 disk unit, number Z¥1111l, and
the data set name is as shown on the last card. 1f a GRUPX file
is generated in the run and is to be saved, it generally will be a

magnetic tape.

(6), (7) Any cards included here are optional. They identify logical
I/0 unit numbers that supplement those defined in the catalogued

procedure (Figure C-4).

(6) This pair of cards is optional. They describe a data set, logical 4,
as a magnetic tape which is written by VENTURE (user option) at the
end of a run. [f written, this data set will contain formatted data
described in Section 204.a The cards shown define this data set
as a non-labeled 7-track BCD tape, 800 BPI, even parity, each logical
records 80 characters long, blocked at 3200 characters per block

(actual record length).

(7) Logical unit number 16 is reserved to contain data for vestart, the
RSTRTR file. This data set is required if the restart data is to be
written or read for a restart case (user options). This pair of cards

defines this unit as a 9~-track binary tape which it gemerally will be.

a.
It more than one stacked case is being run, this data would only be
saved for the last case.
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(8) No blank cards are allowed in the input stream (except in the input

data decks). The blanks shown here are for clarity only.

(9) These cards are driver instruction cards and ave descyibed in Appendix
C. In this example it is assumed that a GRUPXS file exists {see note

5 above). The number AAAAAA is the size of the VENTURE data container

array.

(10) VENTURE case input data. This input data is described in the docu-

ment INPUT DATA REQUIREMENTS FOR VENTURE .

(11) A card with ENDINPUT, punched in columns 1-8, is required following

i i ; g ~he stan-
the input data for each input processor, jncluding that for the

card input processor.

Problem-Dependent Parameters

Certain parameters specifying disk space and block size (in bytes)

which appear on the cards defining logical data sets are problem dependent.

These parameters are shown in NBL, NB2, Bl, B2, NX, NS5, and N1
through N15 in the catalogued procedure, Figure C-4. They are specified
at run time by assigning values, note (3) in Figure C-1.

Bl and B2 are the size (limited to 32000) of core memory blocks into
which data are read. The larger this block size the fewer are the 1/0
requests required to read a particular data set. R2 defines the block
size of the data sets which are read most often during the iterative
part of the calculation. NBl and NB2 (permissible values of 1 or 2
specify the number of bhuffers (number of blocks or size Bl or B2) of
core memory into which data will be stored.

We recommend specifying NBlL = 1, NB2 = 1, Bl = 3520, and B2 = 32000,
NX = 2, N5 = 50, and N1 = 100. These values will be adequate for most
practical problems. We find advantage in using only one buffer which
minimizes core memory requirements. For small problems, it may be
desirable to set B2 to something smaller than 32000 to minimize core
memory. 1t is recommended that Bl and B2 not be set smaller than 3520.

Values for parameters N2 through NI15 are calculated as follows:
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Let C = number of columns in the mesh
R = number of rows in the mesh
P = number of planes in the mesh
G = number of energy groups

N
i

= number of zones
and NN = [(110+1.1L)N]/B + 1
where NN is the value assigned to N2 through N16, and 1L, N, and B are

given in Figure C-2. A value of 100 is recommended for Nl1.

If NN times B exceeds about 14,500,000 (unlikely except for N3 and
N5), special clean disks must be used for the data set; in this case, con-

tact the authors for details.

For a '"plane-stored" non-hexagonal problem with 48 columns, 22-rows,
16 planes, and 6 groups, N2=257, N3=1210, N4=310, N5=113, N6=10, N7=5,
N8=5, N9=100, N10=43, N11=54, N12=1, N13=1, Nl1l4=1, N15=1, and N1é6=1.
Larger values could be used for these parameters, but computer resources

will be wasted, and run costs likely increased.

Estimated Time

The central processor (CP) time and wall clock times (see Job Card
below) depend upon the problem size and the data handling mode of calcu~

lation. Large 'fast-reactor,"

three-dimensional problems running in the
"plane—stored" mode are solved at a rvate of about 100 space-energy points
per second CP time. Wall clock time is roughly a factor of 6 to 10 more
than the CP time for problems running in the 'plane-stored" mode when

other jobs are running concurrently in the 360/91 computer. A 48x22x16x6
group problem (101,376 space energy points) with 4 inner, 27 outer intera-
tions required 12.5 winutes CP time and 86 minutes wall clock time. A
48x22x16x17 group problem (287,232 space energy points) required 50 minutes

CP time and 7 hours wall clock time. Reflected "thermal-reactor" problems

usually require somewhat longer to solve,

For problems which run in the "all~stored" mode or "mesh-stored" mode,

the wall clock time is much less relative to the CP time.
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Figure C-2. Determining the Values of L, N, and B

For L N B Remarks
N2 8CR PG Bl Normally.
38C RPG Bl If perturbation calculations
are to be done.
————— Set N3=1 except for the “row-
stored" mode (see Section 103),
N3 or i1f perturbation calculations
are to be done.
36C+4 RPB Bl Non-hexagonal geometry.
44C+12 Hexagonal geometry.
————— Set N4=1 except for fixed source
problems.
N4 8CR PG Bl Fixed source by point and group.
47 G Fixed source by zone and group.
———— Set N5=1 for the "row-stored"
mode only.
e N5 4 (8CRHCHR) PG B2 Non-hexagonal geometry.
’ 4 (9CR+2C+2R) Hexagonal geometry.
N6 Set N6=10.
N7 8CR P B2
N8 8CR P B2
N9 8CR P Bl ]
N10 8CR P Normally.

PG Bl If initial flux guess is to be
read from RTFLUX interface and
to be expanded.

N11 8C RP Bl
N12 ; Set N12=1.
————— Set N13=1 unless the power den-
sity interface PWDINT will be
N13 written.
8CR P Bl For writing the interface
PWDINT.
————— Set N14=1 unless the Pl calcula-
N14 tion is to be done.
8CR PG Bl For the Pl calculation.
N15 Set N15=10.
“““““ o Normally N16=1.
N16 38CR PG Bl If the standard flux interfaces
RTFLUX and/or ATFLUX are to be
written on scratch disk.
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Job Submission Form

A job submission form must accompany each job submitted. This form
is either sent to the dispatcher with the job deck, or called in to the
dispatcher for jobs submitted from remote terminals. (See Services below
for phone numbers, etc.) Figure C-3 shows a job submission form that

might go with the job shown in Figure C-1.

At the top of the card following 360/ is written the job class (see note
(1) above) and the number of bytes of cove storage required (see note (4)
above) for the job; for instance, F~500K? The Job Number, Charge, and
Maximum Execution Time are explained in note (1) above. The columns
under TAPES REQUIRED are described as follows (there are three 9-track
tapes and two 7-track tapes available on the 360/91).
Log No. — The tape logical number. The tapes must be
listed here in the same order as they appear
in the job control language. Those over-
riding the ones in the catalogued procedure
must be specified first followed by those that
are not in the procedure.
Reel Number - The number assigned to the tape. The POOL
specifies that a free tape is to be used. If
a previously checked-out tape were to be used,
the tape number would be written as shown for
logical 16 where NNNN is some number.
Special Handling - Any appropriate comment.
Save — If checked, the tape will be saved.
Saved Reel Number -~ If POOL and SAVE are written, the tape will
be checked out to the user and the reel
number recorded here by the dispatcher.
File Protect - (Before mounting, after dismounting) If Y is
checked this means the tape cannot be written om.
If N is checked, this means the tape can be
written on.
7 or 9 track - Generally formatted tapes which may be read by
other computexrs than the IBM~360 are designated

as 7 track. Binary tapes are normally 9 track.



Figure C-3. Typical Job Submission Form

JOB NUMBER

%0/ Y -gre i JOB CARD IXlot [ 15 [ ]emHer

UIDXY222 Frone , .. TAPES REQUIRED
; Cd S - e -
o R i At ) LOG REEL SPECIAL | A | SAVED FILE PROTECT oR
HAME ( . i ; REEL BEFQRE } AFTER
¢ dann NO NUMBER [HANDLING | Y g
_ N mfij . - £ | NUMBER [ T,y [ ITRACK
UiLDiNG . ROGH ) PLANT
Yy e b ppsh mTTU K <]
CHABGE MAXIMUM EXECUTION TIME — ”
N il Podl A s g
T 360773 : e
» .. / 3 Fariaa ¥ o
OHARL ¢ 380791 2% 2 MINUTES Tl -y X * ¥ %
DUMP ON OPERATOR CANCELLATION T ves Xlwno :
— - REMARKS:
CANCELLATION BY OPERATOR 0 {DENT.
[T} EXcCEEDED TIME : OTHER T/ (1o, | BRLL
NSOLE EAROR MESSAGE(S : .
CONSCLE EAROR M GE(S) AETT A, h/ TR i
WAl gy, T e 3
LUCMN-T€62
+3 7-69

€T-D



One mountable disk is required for running VENTURE. It is numbered 7ZX2222

and must be written as shown in the figure.

In the remarks columns, write I/0 Bound and show the expected wall
clock time. TFor small problems running in the “all stored" or "mesh-stored"

mode, this is not necessary.

Comments

For the user who is not familiar with running VENTURE on the IBM-360/91

computer at ORNL, some comments may be useful.

Several jobs normally are executing in the computer at the same time,
each competing for the computer resources. Because of this, it is important
that any job not require more of the computer resocurces than necessary.

That is why the region size of a job should be as small as possible (see
note (4) above). Likewise, that is why the parameters N2 through N15
(see Problem-Dependent Parameters above) should not be larger than

necessary.

Probably, the best overall strategy for running large three-dimensional
problems on the 360/91 with VENTURE is to specify the size of the data
container array such that the code runs in the "plane-stored" mode, storing
about three to five planes of data (see Section 103: Memory Requirements).
Normally, the number of inner iterations is also the number of planes
stored. In this mode, I/0 is minimized during the iterative procedure
and the core region size 1s small enough so that other jobs may run
concurrently. For a problem with 48 columms, 22 rows, and 16 planes, the
data container array of 66000 allows 4 planes of data to be stored and the
region size 1is about 500K. (The number of planes stored is independent
of the number of energy groups.) A 48x44x32 mesh problem with 4 planes
stored requires an array size of 120,000 and a region size of about
750K; and 50x50x50 mesh problem required 110,000 work array size to

store 3 planes of data requiring a region size of about 710K bytes.



We suggest that a new user of VENTURE run a first case for only one
%teration (specified by input) to not only check out the job control
cards, input data, etc., but also to obtain the container data array
requirements for all modes and the region size requirements. This first
run should be made to do all the calculations (i.e., neutron balance)

that the production run will do.

Catalogued Procedure

Figure C-4 shows the catalogued job control cards that are used by

4 VENTURE run in addition to those included in the input streams.

Services

Given here is information which might be required by a user. For
a complete description of the ORNL computer facilites (hardware and

software) refer to the ORNL Programmers Manual.

A. The Dispatcher (Telephone Number 3-0205)

The Dispatcher of the ORNL Computing Center is the primary interface
between the Center and the public, and in this sense is the ''receptionist™
for the Center, answering and routing phone calls, answering questions
concerning the Computing Center and directing customers to specific
individuals. Other duties are:

a. Logging jobs into and out of the Computer Center.

b. Preparing and recording the recorded status report periodically.

c. Coordinating the activities of any couriers assigned to the

Center.
d. Issuing the Jobname initials which are required for use of the

IBM/360 computers.



PIGURE C-4. CATALOGUED JOB CONTROL CARDS.

//VENTUREX PROC CLSIZE=270K,LKSIZE=150K,GOSIZE=540K,GOTI KE=,

/7 NB1=1,NB2=1,B1=352J,.,B82=32000,NX=2,N85=50,N1=100,

/7 N2=1,N3=1,N4=1,95=1,H6=1,N7=1,N3=1,N9=1,N10=1,N11=1,N12=1,N13=1,

/7 N14=1,N15=1,H16=1

//FORT EXEC PGM=1EKAAOQQ, REGICN=ECLSIZE
//7SI5LIN DD DSN=&&LIADSET,.UNRIT=SYSDA,SPACE={800,(400,20) ,RLSE),
/7 DIS?={MOD,PASSY ,DCB={REC¥FM=FB,LRECL=80,BLKSIZE=E00)

//SYSPRINT DD
//S5YSPUNCH DL

SYSOUT=A,DCB=BLKSIZE=1100
SYS)UT=8

//5Y51T2 DD UNIT=SYSDA,SPACE={1024, {30,10})

//LKED EXEC PGH=IEWL,PARM="OVLY', REGIO¥=ELKSIZE,

Va4 COND={5,LT,¥ORT)

//SYSLIB DD DSN=SYS1.FORTLIRB,DISP=SHR

// DD DSN=3Y51.L253LIB,DISP=3HR

//SYSLIN DD D3N=&GLOADSEL, DISP={OLD, DELETE)

V44 DC DDNAME=5YSIN

//SISLUOD DD DSN=&EFJOBLIB(BOLDV) ,UNIT=SYSDA ,DISP={NEW,PASS),
/7 SPACE={3072, (50, 10,1) ,RLSE)

//S5YSPRINT DD SYS)UT=A,DCB=BLKSIZE=605

//7SYSUT 1§ DD UNIT={SYSDA,SEP={SYSLIN,SYSLHOD};) ,SPACE= {3072, (50,10))
//G0O EXEC PGM=BOLDV,COND=({S5,LT,FORT), (5.LT,LKED}),

V74 REGION=&GOSIZE, TINE=S GOT IME

//S5TEPLIB DL  DSN=5&FJOBLIB,DISP={0LD,DELETE}

//BRTO1F001 DD SYSDUT=A,DCB= (RECFE=YEA,LRECL=137,BLKSI%E=1100)
//FT02F001 DD SYSOUT=4, DCB={RECF4=VBA,LRECL= 137, BLKSIZE=1100)
//FTG3F001 DD UNIT¥=5YSDA,SPACE={80,(10)) ,DCB= {RECFHE=F,BLKSIZE=80)

//PTG5F001 DD
7/
/7 FEO06F001

//7¥T08F001

DD
DD

UNIT=5YSDA,SPATE={80, (40C0,1000)),

DCB= (RECFA=¥,BUFNO=1, LRECL=84, BLKSIZE=80)
SYS2UT=4,DIB= (RECFX=VYBA,LRECL=137,BLKSIZE=1100)
UNIT=SYSDA,SPACE=(&B1, (6N1,2)),

Va4 DCB= (RECFK=VBST, LRECL=X, BUFNO=GNB1,BLKSIZF=E£R1)
//BTO9F001 DD UNIT=SYSDA,SPACE= (&R, (&N5, 1)),

// DCB=(RECFH=VBST,LRECL=X,BUFNO=E¥B1,BLKSIZF=&B1)
//7PT10F001 DD UNIY=SYSDA,SPACE={&B1, (ENS, 1}),

V4 DCB= (RECFH=V BST, LRECL=X, BUFNC=§KB1,BLKSLZE=EB1)
//7FT11F001 DD ONIT=SYSDA.SPACE={&B1, (EN1,EK8X)) ,

/7 DCB= {RECFPH=VBST,LRECL=X,BUFHO=EHB1,BLKSIZE=ER1)

//FT12F001
V4
//FT13F001
V4
//7FT14F001
Ve4
//FT15F001
e
//7FT17F001
//
//FT13F001
4
//7FTISF001
Vi4d
//FT20F001

DD

bD

DD

DD

DD

DD

DD

pD

UNIT=SYSDA,SPACE= (&B1, (6N1,E5%%) ),

DCB= (RECFA=YBST,LRECL=X,BUFNO=&NB1,BLKSIZE=EB1)
UNIT=SYSDA,SPACE={6B1, (6N1,2)),

DCH= (RECFM=VBST, LRECL=X, BUFNO=5KB 1, BLKSIZE=EB 1)
UNIT=SYSDA,SPACE= (8B, (BNS, 1)),

DCB= {RECFN=YB5T, LRECL=X,BUFHO=5NB1,BLKSIZE=EB1)
UNIP=5YSDA,SPACE= {£B1, (ENS, 1)),

DCB= {BECF&=VBST, LRECL=X, BUFNO=8¥B 1, BLKSIZE=581)
UNIT=SYSDA,SPACE={§8B1, (EN16)),

DCB= (RECPH=¥ BST, LRECL=X, BUPNO=EKB1, RLKSIZE=6R 1)
UNIT=SYSDA ,SPACE= {(EB1, (E¥ 16},

DCB= {RECPH=YBST,LRECL=X,BUFHO=SNRB1,BLKSIZE=E81)
UNLT=SYSDA,SPACE={&B1, (ENS, 1)),

DCB= (RECF&=YBST, LRECL=X, BUFNO=E¥R1, BLKSIZE=EB 1)
UNIT=SYSDA,SPACE={5B1, (§N13)),

(CORT)



V4
//FT21F001
V4
//FT22F001
/7
/7 FT23F00 1Y
/S
//FT24F001
7/
//FT25F001
/7
J/FT26F001
Ved
/S/FPT2TF001
e
//FT28F001
4
//FT29¥001
Yéd
//7FT30F001

4
//FT31F001
4
S/ETI2F001
4
//FT33F001

4
//ETIUFO0T
red
7/ FT35F001
7/
//FT36F001
ed
/7FT3TFOO
s/
//ET38F001
77
//FT39F001
4
//FTUOFO00 1T
//
/7 FT4IFCO R
7/
//ETU2F001
red
//FTU3F00
/7
//FTUUF00Y
s
//ETUSFO0
/77
//FT46F001
Ve
//FTUTFGO0Y

DD

DL

DD

DD

oL

DD

DD

e

DD

DD

bp

DL

Do

[

DD

pE

Do

DL

DL

DD

DD

DD

DE

DL

DL

LY

DE
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DCB= {RECFH=VBST, LRECL=X,BUFNO=ENE1,BLKSIZE=£B1)
UNIT=35YSDA,SPACE= (£B81, (EN1, 2)),

DCB= (RECFM=VB5ST, LRECL=X,BUFNO=ENB1,BLKSIZE=£81)
UNIT=S5YSDA,SPACE= {€B1, (§85,1)),

DCB= (RECFH=V BST , LRECL=X, BUFNO=ENB1, BLKSIZE=6R1)
UNIT=5Y¥5DA,S5PACE={6B1, (6¥3)),

DCB= (RECFM=FT,BUFNO=ENB1)
UNIT=SYSDA,5PACE= (681, (E82}),

DCB= (RECFE=FT,BUFNO=ENB2)
UNLT=3YSDA,SPACE=(£B1, (EN12}),

DCB= {RECFM=FT, BUFNO=&NB 1)
UNIT=5YS5Da,SPACE={&BY, (EN12)),

DCB= (RECFN=FT,BUFNO=§NB1)
UNLP=SYSDA,SPACE={EB1, {EN2)),

DCB= (KECFM=FT, BUFNO=E NB2)
UNIT=5YSUA,5PACE={6B1, {EN2)),

DL B= {RECFA=FT, BUFNO=E KB2)
UNIT=S5YSDA,SPACE= (681, {(EN14)),

DCB= (RECFM=FT,BUFNO=ENB2)
UNLT=5Y5Da,SPACE={6B1, {6N1,2)),

DCHB= {RECFM=VB5T,LRECL=X, BUFNO=§NB1,BLKSIZE=6B1)
UNIT=S5YSDA,SPACE= {£B1, {6K1,ENX)),

DCB= (RECFH=VBST,LRECL=X,BUFND=EXB1,BLKSIZE=EB1)
UNLT=S5SYSDA.SPACE= (81, (EN1,2)),

PCHB= (RBECKH#=VBST, LRECL=X,BUFNO=6NB 1,BLKSIZE=681)
UNLE=5Y5DaA,SPACE={&B1, {EN4) ),

DCB= (KECF#=VBST,LRECL=X, BUFNO=ENB1,BLKSIZE=£B1)
UNIT=3YSDA ,SPACE=(6B1, (EN1,ENX) ),

DCB= (RECFHA=VBST,LRECL=X,BUFNO=&ENB1,BLKSIZE=581)
UNIT=5Y5DA,3PACE={&B1, {EN1,2)),

DCB= {RECFHU=V BST, LRECL=X, BUFNO=&NBY, BLKSIZE=£B1)
UNIT=5Y5DA,5PACE=(£B1, (EN6,2)),

DCB= {RECFM=VBST,LRECL=X,BUFNO=E£NB1,BLKSIZE=&R1)
UNIT=SYSDA,5PACE= {681, {EN15,2)),

DCB= (RECFM=VBST,LRECL=X, BUFNO=ENEB1,BLKSIZE=E81)
UNIT=SY5Da,sPACE={£B1, {§N15,2)) ,

DCB= (RECFH=VBST,LRECL=X,BUFNO=ENBT,BLKSIZE=EE1T)
UNII=5SYSDA,SPACE={BE1, {§815,2)),

DUB= (KECFA=VBS5T,LRECL=X,BUF NO=ENB 1, BLKSIZE=£E1)
UNIT=S5YSDa,SPACE= (§B2, (685} ),

CCB= (RECFU=FT, BUFNO=§ NB2)
UNIG=SYSDA,SPACE= (6B1, (6N4}) ,

DCB= {RECFM=VEST,LRECL=X,BUFNO=ENB1,BLKSIZE=&B1)
UN{T=SY¥SDA,S5PACE=(£82, (6WT)),

DCE= {REC#FM=VBST,LRECL=X,BUFNO=ENB2,BLKSIZE=682)
UNLI=SYSDA,SPACE= (EB2, {ENB) )Y,

DCB= (HECFP=VBST, LRECL=X, BUFNO=ENB2,BLKSIZE=EB2)
UNIT=SYSDA,SPACE= (§B1, {£¥S, 1)),

DUB= {KECEFN=VB5T, LRECL=X ,BUFNO=ENB 1, BLKSIZE=6E1)
ONIT=SYSDA,SPACE={EB1, (EN9)),

DCB= (RECFN=YBST,LRECL=X,BUFNO=5HNB1,BLKSIZE=£E1}
UNIT=5Y5DA ,SPACE= (8B, (E¥10)),

DCo=(KECFU=VBST,LRECL=X,BUFNO=ENB1],BLKSTZE=681}
UNIT=5¥S5D6,.5PACE= (&8B1, (ENS, 1)),

{CONT)



/7
//FT48F001
//
//FT49F001
/7
//FT50F001
V4
//FT51F001
/7
//ETS52F001
Ved
//FT53F001
V4
//VENTUREX

DL

DD

DD

DD

DL

e

DCB= (REC¥M=VBST ,LRECL=X ,BUFNO=&NB1,BLKSIZE=EB1)
UNLT=5YSDA,SPACE= (§BY, (6N, 2)),

DUB= (RECFN=VBST, LRECL=X,BUFNO=6NB1,BLKSIZE=EBI)
UNI1=5Y5D4As,SPACE={&B1, (§811)),

DCB= (BRECFM=VBST ,LRECL=X,BUFNO=ENB1,BLKSIZE=£B1)
UNIT=3YSDA,SPACE= (£B1, (6N 1,2)),

DCB= {EhCEM¥=VBST,LRECL=X,BUFNO=ENB1,BLKSIZE=£B1)
UNIT=SYSDA,SPACE= (£B1Y, {ENS,T)),

DCB= (RECF 4=V 85T, LRECL=X, BUFNO=&NB {,BLKSIZE=ER1)
UNIT=SYS5uh,SPACE= {EB1, (E¥S, 1)),

DCB= (KECFM=VBST,LRECL=X,BUFNO=&NB1,BLKSIZE=ER1)
UNIT=5YSDA,SPACE= (6B1, (6N5, 1)),

DCB= (BEC¥M=VBST,LRECL=X,BUFKO=&6NB1,BLKSIZE=EB1)

PEND
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e. Filling out Job Submission Forms called in by telephone.
f. Routing or mailing job output, which may include magnetic tapes,

to remote users.

B. Charge Numbers

All services performed by the ORNL Computing Center are billed to a
five-digit Charge Number (sometimes called a '"request'" number). These
numbers are assigned by the Tape Librarian (telephone number 3-1214)
upon request of individual users. With each request for a Charge number,
each requestor must be prepared to supply a valid departmental account,
Billing for services is done on a monthly basis by Central Accounting.
Monthly charges are made to each departmental account; thus, if it is
desired to keep more detailed accounts of computing costs, several Charge
numbers (perhaps one for each project) should be opened against the one
departmental account. As many Charge numbers as desired may be opened.
Charge numbers may be closed (discontinued) at any time by the user who

e opened it (or his supervision) by notifying the Dispatcher; however, the
closing will not become effective until the end of the month during which

notification was received.

C. Programming Assistance

The Systems Programming Department maintains a Programming Assistance
group (telephone number 3-1177) who are available for consultation and
trouble~shooting. The people manning this office are experienced programmers
and can answer most questions concerning error messages, compilers, operating
systems, etc. They cannot write programs for users but are there for
advice and counsel. Regular office hours are kept (8:30-11:30 a.m.;
12:30-4:00 p.m.). However, for usual problems in running codes, the

authors should normally be contacted.

D. Tape Librarian (Telephone Number 3-1214)

Many users of the computers will wish to save information on magnetic
tape for varying periods of time. Each user is responsible for so notifying

the Computing Center via his Job Submission Form if a magnetic tape is
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to be saved. The Tape Librarian is responsible for maintaining appropriate

records associated with saved magnetic tapes. Among the duties of the

Tape Librarian are:

A

b.

Updating, on a daily basis, the records of tapes assigned to
users.

Processing those tapes which are returned to the pool, including
necessary revisions to the records.

Publishing a bi-weekly report of all tapes assigned and sending
copies to all users. Each user is notified of those tapes
assigned to him and vequested to inform the librarian of any
tapes which can be returned to the pool.
Filling other requests for tapes or information pertaining to
same.,

Issuing job request numbers (the 5~digit number which is used
for billing and which must be on all work submitted to the

Computiing Center, and maintaining associated records.

Note: The Tape Librarian always has a recent listing of assigned

tapes listed both in order of tape number and in alphabetical
order of user. However, the assignee always has the burden

of keeping records on tape contents.

E. Recorded Status Message

The Computing Center maintains an automatic telephone answering

device which has a recorded message describing the current status of

the equipment, what jobs are currently being run, status of the work

backlog, and other pieces of information deemed to be of interest to

users of Computing Center services. Messages are updated periodically

throughout the day. The telephone number of the device is 3-1817.



c-21

Running VENTURE on the IBM~360/195

The following discussion describes how to run the VENTURE code on
the IBM-360/195 located at the ORDGP site. The user should understand

the first part of this section since the only differences from running
on the IBM-360/91 located at the ORNL site will be discussed here. Both

computers are operated by the Computer Scilences Division (not under ORNL).

Job Control Cards

Figure C-5 shows a typical set of job control cards required. Reference
should be made to Figure C-1 and the corresponding notes since only differ-

ences are discussed here. Reference numbers refer to note numbers in

Figure C-5.

Note:

(1) This card is required for a job stream supplied from a terminal
connected to the 360/91. It causes the job stream to be passed
on to the PDP-10 computer (REMOTES). (Note that the REMOTES begins
in column 16.) This card would not be used if the terminal is
connected with the PDP-10.

(2) This card causes the job stream to be passed on to the 360/195 by
the PDP-10. (Neither of these first two cards is required if the
terminal is connected directly with the 360/195.)

(3) VNote the differences between this card and the one in Figure 105-1.
Here the eight character job number is ZZZ(unless otherwise assigned),
UID(user identification), WN{(any two digit integer). The CHARG
number is the same as that used on the 360/91 at X-10, and columns
25~44 contain the same information as columns 38~57 shown in Figure
105-1. All VENTURE runs on the 360/195 are CLASS=A.

(4) The BBB here has the same meaning as described in Figure 105-1, but
is now limited to a maximum of 1650.

(5) The only variable on this card is TT which is the limit on lines of
printed output im thousands, i.e., 50 would allow 50,000 lines to

""" be printed. The job is terminated if the number of lines exceeds

the ldimit.
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PIRUBRE C-5. CO¥NFROL CARDS FOR RUNMING VENTURE ON THE 360/195.

ROTE
/*RELAY REMOTE3 &)
95 2)
//2%Z UIDEE JOB {CHARG) ,'ADRES, ¥3HE COL 25-44' ,CLASS=4, (3)
/7 REGION=BBBK, (4)
// BSGLEVEL=(1,1)
//%HAI¥ HOLD=YES,LINES={TT,C) (5)
//STEP BYEC VENTUREX,

// ¥B1=1,¥B2=1,B1=3520,B2=32000,H4=50,4S=50,81=100,

/7 B2=1,83=1,84=1,45=1,06=1,87=1,88=1,49=1,N10=1,511=1,N12=%,Ni3=1,

/7 E1a=1,015=1,416=1,

/7 PARE,.FORT='XODEIK,NOLIST,¥0SOURCE,¥ONAP, NDXREP T,

// GOTIKE=HR {(5)
//FORT.SYSIN DD *
/#

//LKED.BYDRIVER DD UNIT=2314,YOLUNE=SER=XXXA72,DISP=5HR, (N
/7 DSNAME=TBF,BOLD.VEETURE.DRIVER

//LKED.SYSIN DD *

INCLUDE BVDRIVER

Vai

//GO. FT11F001 DD UNIT=TAPE3,VOLUNE=SER=TAPENO,LABEL={,NL),DISP=H¥Y, (8)
// DCB={RECFH=YBS,LRECL=X,BLKSIZE=3520)

//7G0. ¥XXXXXIX DD UNIT=2314, VOL=SER=¥XXA72,DISP=SHR, (7}
// DSNAME=TBF,BOLD, VENTURE

/7 GD. FPO4FOO0Y DD U IT=TAPE7,VOLUBE=SER=TAPENO,LABEL={,8L},DISP=4¥H, (8)
// DCB={DEN=2,TRICH=BT,RECF¥=FPBS,LRECL=80,BLKSIZE=3200)
//7GO.PT16F001 DD UNIT=TAPEY,VOLUBE=S ER=TAPEND, LAREL={,8L),DISP=H¥¥, (3

// DCB={RECFN=VBS,LBRECL=X,BLKSIZE=3520)
//G0.FT93F001 DD *

SR SEERE$XERE S YENTURE RUN NUABER 1 ~ 1/1/75% %k stk bk Rk akR
AAAAAA 2727
1T 2 6 2 7 0

COHHE¥T*+***THE ISOTXS CARDS (TO BE READ BY THE GEHERAL INPUT
FROCESS5O0R) MIGHT GO HERE.
ENDINPRUT

DCRSPR
COBHENT®*&&4THE CROSS SECIION PROCESSOR INPUT GDES HERE.
EMDIHPET

DVENTR

CONHEBT***%#%VYENTURE CASE INPUT DATA GOES HERE.
ENDIXPUT

/%

/77
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(6) The variable MM on this card is the CPU time allowed for the run in
minutes, and if exceeded, the job is terminated by the operating
system. Note that the 360/195 CPU is about twice as fast as the
360/91 CPU. This should be considered when specifying any time
limits in the driver input or the VENTURE input.

(7) The XXXA72 (on 2 cards) is changed from ZX2222.

(8) There are two differences in tape DD cards.

(A) The variable TAPENO in the VOLUME=SER=TAPENO field is different.
For the 360/195, TAPENO is the identifying number on the tape.
Where VOLUME=SER=11 would be specified for the 360/91,
VOLUME=SER=X12345 or VOLUME=SER=012345 might be specified for

the 360/195. This means that the user will have to check out
any new tapes in advance of submitting a job requiring a new

tape. (See Operating Procedure and Services below)

(B) 1If a tape is to be written, the variable WWW in DISP=WWW field
must be NEW. OLD is used to mean to protect a tape, so when
specified, the ring will be removed from the tape before
mounting so that it cannot be written. (WWW is always OLD

for the 360/91.)

If any NN times B (see Problem Dependent Parameters, page c¢~9) ex-

ceeds about 25,000,000 (unlikely except for N3 and N5), special clean

disks must be used for the data set; in this case, contact the authors for

details.

Operating Procedure and Services

All services for the 360/195 have the telephone extension 3-3625.

The operators are informed by the computer about tapes and disks
to be mounted, and the region size for a job, so no job card is neceded
as for the 360/91. The operators do not have access to the CPU time
that a job has used; and, therefore, the only information they will need
for a job from the user is the expected clock time a job will require.
After a job has been submitted, the user should call the shift supervisor

and give the job number and the expected clock time.



Tapes may be checked out by calling the Tape ILibrarian. The information
required is a name for the tape, the number of tracks (7 or 9), and the
user's charge number. Always specify Non-Labeled for the tape label.

The user should keep a log of the tape name, use, and number. Each tape
at ORDGP is assigned a six-digit number. (Tapes at ORNL have an X as the
first character of the tape number.) Any tapes in the ORNL library that
are to be used on the 360/195 at ORDGP should be sent to the 360/195 tape
librarian by so instructing the tape librarian at ORNL (telephone exten-
sion 3-1214).

Arrangements should be made with the Program Control-Technical
Applications Department to examine the output from jobs, inform the user
if the job failed, or to report numbers from the output, and to mail the

output to the user.



HATH
UTL 1
SEAK
WRAP
TRAN
ABND
TINER

ITTINE
CLRPLS

FPLINK

IHCOATRL

FIGURE C-6. THE DRIVER ROUTINES.

DRIVER CONTROL

CALLS ABND, SEAK, UTL1, WRAP, FLINK, TIMER, CLRPLS
UTILITY ROUTINE

CALLS SEAK, TRAW
DATA FILES INITILIZATION

CALLS TRAN
WRAPOUP AT END OF RON

CALLS SEAK
INPUT/OUTPUT ROUTINE
PRINTS ABNGRMAL TERMINATION MESSAGES
CALCULATES TIMES, ETC.

CALLS IDAY, TIME, MODEL, ICLOCK, ITTIME, JOBNUH
ASSEMBLY LANGUAGE ROUTINE TO RETURK CLOCK TIME
ASSEMBLY LANGUAGE ROUTINE TO INITILIZE A SECTION OF THE I8
OPERATING SYSTEM
ASSENBLY LANGUAGE ROUTINE 1O EVOLK THE IBM OPERATING SYSTEN
LINK MACRO
THE IBM INPUT/OUTPUT TABLE DEFINING THE FUNCTION OF THE
LOGICAL UNIT NUMBERS 1 THROUGH 99

END OF APPENDIX C






Appendix D: LOCAL COMPUTER FACILITIES

The present hardware at the ORNL and ORGDP sites are described here.

First, current charge rates are listed.

Approximate Local Computer Charge

A fixed rate schedule is now in effect, subject to change, as shown

in the following list. These rates exclude capital cost recovery charged

users when appropriate.

Basic Rate
IBM 360/195 CPU Time (per hr.) $250.00
IBM 370/155 CPU Time (per hr.) 50.00
IBM 360/75 CPU Time (per hr.) 30.00
IBM 360/91 CPU Time (per hr.) 150.00
IBM 360/91, 360/195, 360/75, 370/155
------ Input/Output (per unit) .0004
IBM 360/91, 360/195, 360/75, 370/155
(per line printed, per card punched) .0008

IBM 1401 CPU Time (per hr.) 25.00
IBM 360/30 CPU Time (per hr.) 30.00
PDP-10 Misc. Service (per hr.) 40.00
PDP-10 Kilo Core (per hr.) 15.00
PDP-10 Connect Time (per hr.) 6.00
PDP-10 Disk Space (per block per month) .075
Teleprocessing CPU (per hr.) 110.00
Teleprocessing Connect Time (per hr.) 6.00
TSO CPU Time (per hr.) 30.00
TSO Disk Space (per track per month) 75
TSO Connect Time (per hr.) 6.00
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The Computer Facility at the ORNL Site

Hardware

The Computer facility at the ORNL site consists of an IBM 360/91 and
and IBM 360/75 accessed through a PDP-10. The disc storage devices are

shared which is not indicated in the following discussion.

A brief description of the equipment configuration for each computer

system follows. Some of the terms used are defined here:

a. byte = 8 binary digits and is the smallest addressable unit
of memory in the IBM computers

b. K = 1,024

c. ns = nanosecond = 1/1,000,000,000 second

d. us = microsecond = 1/1,000,000 second

e. b.p.1i. = bits per inch

The 360/91 Computer System is made up of the following components:

Quantity Type Description
1 2091 Central Processing Unit — basic cycle time is 60 ns.
1 2395 Processor Storage — capacity of 2,048K bytes of which

1,536K is available to the user.

2 2301 Drum storage — used for the operating system; not

available to users.

2 2314 Direct Access Storage Facility — auxiliary storage
device with a total capacity of 233,408,000 bytes
spread over eight removable disk packs. One pack

can store 29,170,000 bytes.

4 2401 Magnetic Tape Units — two are 9-track units recording
data at 800 b.p.i. Two are 7-track units recording

data at 200 b.p.i., 556 b.p.i., or 800 b.p.1i.

1 2501 Card Reader — 1,000 cards/minute.



Quantity Type Description
1 2540 Card Read/Punch — 1,000 cards/minute reading; 300

cards/minute punching.

3 1403 Printers — 132 characters/line; up to 1,100 lines/
mninute.
2 2701 Data Adaptor — interfaces to high-speed remote

terminals. (NRL, WSAO)

- - Various control units for the above auxiliary storage

and input/output devices.

The facility is illustrated in Fig. D-1.

The 360/75 Computer System is made up of the following components:

Quantity Type Description
1 2075 Central Processing Unit — basic cycle time is 200 ns.
2 2365 Processor Storage - total capacity of 512K bytes with

750 ns access time.

2 2361 Large Core Storage — total capacity of 2,048K bytes
with average of 4 us access time.

1 2314 Direct Access Storage Facility — auxiliary storage
of up to 233,408,000 bytes spread over eight removable
disk packs. One pack can store 29,170,000 bytes.

8 2311 Disk Units — auxiliary storage of 7,250,000 bytes on

each unit.

5 2402 Magnetic Tape Units — three are 9-track units recording
;283 data at 800 b.p.i. and two are 7-track units recording

data at 200 b.p.i., 556 b.p.i., or 800 b.p.i.

1 2540 Card Read/Punch — 1,000 cards/minute reading, 300

cards/minute punching.

1 2520 Card Punch — 500 cards/minute.
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Quantity Type Description
2 1403 Printers — 132 characters/line, up to 1,100 lines/minute
3 2701 Data Adaptors — interfaces to high-speed remote ter-

minals. (¥-12, ORIC, NRL)

1 2702 Terminal Adaptor — interfaces to low~speed remote

terminals.

- - Various control units for the above auxiliary storage

devices and input/output devices.

1 2321 Data Cell Drive — auxiliary storage of up to 400,000,000
bytes spread over ten removable data cells. One data

cell can store 40,000,000 bytes.

1 2914 Switching Unit
1 CCI~7012 Multiplexor (RECON system).
1 Bolt~Beranek~Newman Data Set Control Unit.

The facility is illustrated in Fig. D-2.

The PDP~10 system is made up of the following major components:

Quantity Type Description
1 KALO Central Processor — basic cycle time is 200 nsec.
5 MAL1Q 16K bank core memory, 1 usec (36 bit word).
3 TUSS DEC tapes.
1 CR10 Card Reader, 1000 cards/minute.
1 CP10 Card Punch, 200-365 cards/minute.
1 LP10C Line Printer, 1000 lines/minute.
2 TU30A IBM — 9~-track compatible tape.
i RD10O Swapping Disk; 2,204,000 bytes.

14 RPO2 Disk Pack Drive — 23,385,600 bytes per drive.
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Quantity Type Description
1 DC10 (2) 8-line Communication Groups (one with dial-up
feature.
1 PDP-15/10  Computer for communications control (16K 18 bit

words, basic cycle time is 800 nsec).

4 PDP-15/10 Computers for graphical CRT interaction.
4 VT15 CRT Display Unit
Software

A HASP-MVT manager is used to supervise each of the computers. The
IBM 0S/360 operating system with version 21 of the IBM FORTRAN IV H-Level
compiler and the IBM linkage editor are used. Data stored in the LCS on
the IBM-360/75 machine may be directly selected in the same sense as data
is addressable in fast memory. Even though the cycle time of the LCS is
slow compared to that of the fast core (4 us vs 0.75 us), we have found

that problems using all data stored in the LCS run only about 15% slower

than they do using data stored exclusively in fast core.

Computer Facility Use

The IBM-360/91 and IBM/360/75 computers are operated under “"MVT"
multi-job tasking.

A loaded machine language program is stored on a disk. The program
is called into fast core with control cards when a job is started and
once control is transferred to the program, it has full control until
the job is completed. The operator has no way of on-line control over
program instructions (other than abortion). Machine CP time used on any
job is available for programmed instructions to allow some user control
of machine time use. Alternatively, a program may be loaded from the
version of the code consisting of hex cards for each routine, and the
user may provide FORTRAN or machine language subroutines which override

those on the disk. Thus a user may easily replace instructions with
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others more appropriate to his problem provided these are carefully pre-

sented in a form consistent with the rest of the program.

On Precision

Although some calculations are done with 4-byte words which give
nearly 7 decimal digits significance, most are done in ''double precision,
as frequently required to obtain significant results, using 8 bytes which
gives just over 17 decimal digits significance. The significance indi-
cated here is that carried in calculations. (There is also round-off
from decimal to binary representation which may cause simple sums to
indicate greater loss in significance than actually occurs in calcula~
tions.) Many calculations can be done quite adequately with less than
7 decimal digits significance, but often subtractions which cause loss
of several digits significance produce poor results. One example of
difficulty is that which occurs when two iterate sets of flux values are
to be extrapolated, and this extrapolation is based on the change in
values. Loss of significance in differences becomes serious even at
relatively small loss of significance in the individual values. It is
especially bad because round-off is done at the hexadecimal number level

on the IBM machines rather than the binary number level.

The Computer Facility at the ORDGP Site

Hardware

The computer facility at the ORDGP plant site consists of an IBM-360/
195 primary computer driven by an IBM-370/155. The equipment is illustrated
in Fig. D—-3. Not shown is remote entry available from the ORNL Computing
Center. The 3330 disc units have 10% byte storage capacity, but dedication

of space reduces availability to 40 x 10% bytes, 107 short words.
Software

An ASP-MVT manager supervises the intercoupled computers in a multi-
tasking mode allowing several tasks or jobs to be resident simultaneously
and execution to pass from one to another. Each computer has its equiva-
lent of an IBM 0S/360 operating system. The IBM FORTRAN IV H-level ver-

sion 21 compiler and linkage editor are used.
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Ieleproc

ing Terminzls

2E0/1985 - Tuelve 2740 Terminalse
Three 1050 Terminais
Four 2260 Terminals

Opzrstor Consoles

360/198 -~ One 2250 Console {CRT)

370/155 — Three 3275 Congoles (CRT)
Une 32185 Console
One 1443 Printer

In additiony; a 2540 ecard reader/punch and/or one or tws 14035
printers which are normally on-line to the 360/30 can be swuitched
o the 370/1565.

The Computer Sciences Division Computer Network

Figure D~4 shows the network of computers presently in operation at

the ORNL, ORGDP, and the Y-12 sites, which obsoletes the conunections shown

in the previous figures.
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