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LINKAGE OF REACTUR PHYSICS CODZS THROUGH STANDARD INTERFACE§

B. M. Carmichael and J. C. Vigil

ABSTRACT

Selected reactor physics codes have been linked by a set of interface
files. Access to codes, free-format card input for creating or modifying
the files, system-restart capability, and file-printing options are all
available at any point Iin whatever calculation path the user chooses to

prescribe.

I. INTRODUCTION AND SUMMARY

The linkad set of codes described in this re-
port is an outgrowth of the Los Alamos Sciasntific
Laborateory's (LASL) participation in the work of
the de facto Committee on Computer Code Coordina-
tion {CCCC). This Committee consisted of repre-~
sentatives from several laboratories selected by
the AEC to study the problems of adapting reactor
codes to various typas of computers and the prob-
lems of interfacing reactor codes from different
organizations in linked calculations. The set of
prototypical codes, adopted by the Committee for
exchange and interface testing, was adapted to the
LASL CDC 6600 computers in a linked system under
the control of a driver program. Under the driver
program, the codes may be executed in any logical
sequence, and the interface files may be stored at
any point in a run and may be retrieved in a subse~
quent run. Also, any one of the interface files
may be created or modified by user input at any
point in a sequence of calculations.

The set of cudes adopted by the CCCC, and the
organizations assigned to the work of adapting the
codes to the standard interfaces are:

MC2 code1 (cross-section processing)
Argonne National Laboratory (ANL)

ETOX code? and 1DX code3 {cross-section process~-
ing and one-dimensionel diffusion)

Hanford Engineering Development laboratory
(HEDL)

ANISN code* (one-dimensional S, or diffusion}
Brookhaven Netional Laboratory (BNL)

DOT2DB code? (two-dimensional S, and diffusion)
General Electric - Sunnyv.le, California (GE-
Sunnyvale)

DAC code6’7 (one-, two~, or three-dimensional
perturbation)
Los Alamos Scientific Laboratory (LASL)

CLUB code® (fuel depletion)
Oak Ridge National Laboratory (ORNL)

The standerd interface files (Version I) adorted

by the Committee for linking the above codes are:

ADMNSTR (administratior. and control file con~
taining dimension ard option control data)

GEO DIST (geometry and material distributions)
SN CONS (Sn constants)

INTQUANT (integral quantities, such as zone
volumes and zone-averaged fluxes)

MIX DATA (mixture data)

MULTIGRP (multigroup cross-secticn data)
GRP FLXS (group fluxes and currents)
ZONEDENS (material density by zone)

The codes cited above are well known and well
documented, Readers are referred to the cited ref-
erenées for discussions of the algorithms solved
and the detailed description of the options avail-
able. This report covers primarily the modifica-
tions related to the interfacing of the codes.
These modifications include the creation of a set
of code~dependent interface files and a set of serv-
ice modules that provide cazd Input, file printing,
and restart capabilities.



The linked system was developed to achieve a
thorough verification and test of the interface

files.
system, should provide capabilities useful to

However, the system, or components of the

others. The individual codes are completely inter-

faced; consequently, they are readily separable

from the system. Particular fixed calculation

paths involving code subsets can be rcudily provided.
The present system of codes represeats only an

interim development. A new set of interface files
(Version 1I) of greater efficiency and broader capa-~
Tse system is pres-

Other

bilities has been developed.
ently being adapted to these new interfaces.
more advanced codes are also being adapted to the
new interfaces and will be tested as components of

the system.

II. SYS.EM~LINKAGE PROCEDURES

Linking of the codes is accomplished through
the segmentation facilities available on the TDC
6600 ccmputer.9 The set of codes can be thought of
as one large FORTRAN-IV program consisting of a
main program (DRIVER) and many subroutines. The
segmentation procedure provides a means of loading
and exacuting the parts or segments of the large
program as needed. SEGMENT calls are inserted into
the program to direct the loading of segments, and
SEGMENT specification statements are placed before
the main program to specify the set of subroutines
comprising each segment. Conversely, the SEGMENT
specification statements and SEGMENT calls would be
removed as a first step i1 converting the system of
codes to the overlay systems available on other
types of computers. These conversion procedures
are discussed in detail in Appendix A.

The format of SEGMENT speclfication statements

is
SEGMENT (SEGl, SUB1, SUB2, ...)

where SEGl is the name of the segment, and SUBL,
SUB2, ... are the names of the subroutines included
in the segment. SEGl is loaded using a statement

of the form

CALL SEGMENT (4HFYLE, LEVEL, 4HSEGl, LIB, MAP)

where

FILE is the name of the disk or tape file con-
taining the binary object codes for the sub-
routines of the segment,

LEVEL is the level at which the segment is
loaded into core (levels 0 to 63 available),

SEG1 i1s the name of the segment, and

LIB and MAP are flags controlling the acquisi-
tion of system library routines and printing of
the loader map.

After a segment 1s called, control 1s returned
to the calling routine, which may then call any of
the subroutines in the called segment. Segmentaticn
is otherwise similar to other overlay systems, ex-
cept that labeled common arrays are not transmitted
between segments.

The codes in the system are accessed by a
series of level 1 segment calls in the DRIVER pro-~
gram, which resides at level Q0. These calls are at
the complete control of the user through card input.

The codes and service modules are listed in Table I.

TABLE X
REACTOR CODE SET

Call Name File Code or Mcdule

ETX. ETX ET0X code for processing cross

sections.

1DX code ~- one-dimensional dif-
fusion code used primarily to
convert ETOX cross sections into
standard multigroup file.

ANISN code -— one-dimensiona”. S,
or diffusion code.

DOT2DB code -- two-dimensionel Sy
or diffusion code.

CLUB code -- burnup code, which
may use fluxes from 1DX, ANISN,
or DOT2DB.

Ong-, two-, or three-dimensionsal
perturbation code. which may use
total fluxes and curremts or 5,
angular fluxes from iDXK, ANISN,
or DOT2DB.

Service module for processing
card input.

0DX ODX

DOT DOT

CLB CLB

DAC DAC

SER

SER Service module for printing in-

terface files.

PRN

Service module for retrieving
files from tape for vestart.

FLO SER

SER Service module for storing files

on tape for restart.

FL1

Communication between codes and modules is ac-
compligshed by means of binary interface data files.
The set of standard files in the system is given in
Table 1I.

Input data other than those contained in the

standard files are required by each code. Such data



TABLE II
VERSION I STANDARD FILES

File Name General Contents

ADMNSTR Administration file containing con-~
trol flags and dimension parameters.

SN CONS Sp constants file.

INTQUANT Integral quantities including derived
constants, zone-averaged fluxes, and
zone velumes.

GEO DIST Geometry and material distributions.

MIX DATA Mixture data.

GRP F*.XS Regular fluxes, currents, and angular
fluxes.

ADJ FLXS Adjoint fluxes, currents, and angular
fluxes.

MULTIGRP Reference multigroup cross sectioms.

PERTMTGP Perturbed multigroup cross sections.

ZONEDENS Zone atomic densities.

are incorporated in spscial files crlled code-
dependent files. Thege files are listed in Table
III.

TABLE 1II
CODE-DEPENDENT FILES

File Name Contents
ETX INPT ETOX imput
ODX INPT 1pX input
ANI INPT ANISN input
DCT INPT DOT2DB input
CLB INPY CLUBR input
DAC INPT DAC input

Initially, the operation of the system may
start with the assignment of three magnetic tapes.
The binary code files ETX, ODX, ANI, DOT, CLB, DAC,
and SER plus the DRIVER file are stacked onto one
tape (CODEB). The code files are copied omto indi-
vidual disk files using control cards such as

COPYRF (CODEB, ETX)

REWIND(ETX) .

The second tape (tape 49) contains standard
and code-dependent data files that were generated
in previous runs. The third tape (tape 50) is used
for storing data files at the end of the run.

At the beginning of execution of the main pro-
gram, or DRIVER, the execution path 1s read from
cards. The path must be so arranged that the input
data files to a code are configured properly for

execution of the code in the path, These input
files may be created from cards using INP, may be
retrieved from tape 49 using FLO, or may be output
by the execution uf another code. In the two latter
cases; where files already exist, INP may be called
to alter the existing files selectively. The print
moduie PRN is usually called to print files that
ware created or extensively altered by execution of
INP and to obtain prints of code output files.

A simple example of a path 1is

INP ANI PRN .

INP is used to create the input files ADMNSTR, SN
CONS, GEO DIST, MIX DATA, MULTIGRP, and ANI INPUT,
which define the problem to be solved by the ANISN
code. PRN provides a detailed print of all the
files, including the GRP FLXS file generated by
ANISN.

In executing this path, the three level 1 seg-
went calls '

CALL SEGMENT (3HSER, 1, 4HINPS, LIB, MAP)

CALL SEGMENT (3HANT, 1, 4HANIS, LIB, MAP)

TALL SEGMENT (3HSER, 1, 4HPRVS, LIB, MAP)
ara performed in sequence by DRIVER. An S is ap-
pended to the segment names because the segmentation
system requires the file name (ANI) and segment name
(ANIS) to be different.

The CLUB code is a special caae because it in-
volves a ~lseed-loop calculation. CLUB calls one
of the flux codes periodically while performing
fuel-cycle calculations. The user selects the de-
sired flux code by card input to the CLB INPT file.
All the codes called by DRIVER are loaded at level
1. Consequently, a flux code called from CLUB is
loaded at a higher level. Because the flux codes
are individually segmented, variable level param-
eters are required. The MAIN subroutine of the flux
code 1s loaded at level I and higher level segments
are referenced with respect to I. The variable I
is transmitted between segments by blank common.

Many different calculation paths are conceivabl
A few examples are listed below:

(1) INP ETX ODX INP DOT PRN FL1

(2) FLO INP DOT INP DOT PRN

(3) FLO INP ANI INP ANI DAC

(%) INP PRN CLB .

In path (1), ETX and ODX provide a multigroup
cross-section file for use inm & DOT2DE problem. In



path (2), a two-dimensional diffusion calculation
is performed in the first DOT call. The diffusion
luxes provide a good flux guess for a two-

dimensional Sn calculation performed under the sec-
ond DOT call. INP is called between the two DOT
calls to alter the ADMNSTR file from the diffusion
option to the Sn option. Because of the overlay
facilities in the input processor, ouly the input
for chenging the one flag is required. In path (3),
regular and adjoint ANISN calculations are performed
to obtain fluxes for use in DAC perturbation calcu-
lations. Path (4) provides a CLUB burnup calcula-
As mentioned before, OLCX, ANI, or DOT may be

used to provide the fluxes for the burnup calcula-

tion.
tions. Any path can be interrupted with an FL1
czll to save the files created to the given point.
The path can then be resumed in a later run by
using FLO to retrieve the files.

Some routine procedures do not require the
flexibility provided.
user could be provided with a deck that already
contains the input cards for the desired path. Al-
ternatively, a DATA specification card containing a
desired fixed path could replace the path input

The proceduxes required for

For such procedures, the

statement in DRIVER.
converting @ code or subcet of codes into a free-
standing fixed-calculation tacility are similarly
straightforward. .

Any free-standing interfaced code can be added
to the system by coaverting it to the segmentation
form without changing the existing system.
it would ultimately be desirable to add amy code-
dependent input required by the new code to the

However,

service modulas.
An interfaced version of the MC2
processing code is available for use with the sys-

cross-section

tem: however, it has not been converted for direct
access by a path call. Because of the computation
times involved in the MC2 calculaticns, usexrs would
normally prefer to operate it as a free-standing
code. The output MULTIGRP file from MCZ, however,
is written on a tape that can be accessed by the

system.

ITI. SERVICE MODULES
There are three service modules in the code
system that provide various file handling services,

including creation of files from card imput,

printing of files, and storage and reirieval of
files.
A. Input Processor (INP)

These functions are discussed below.

All card input for the system except for input
to MCZ and the print processor is processed by INP.
The detailed definition and description of the card
3qput are given in Appendix B.
ized in terms of the data files listed in Tables I1I
and XIII.
control the handling of input for each file. The

The input is organ-

A set of flags is read first by INP to

options available are:
(1) Read entire file from cards.

(2) Read existing file using no card input.
This option normally applies only to
the ADMNSTR. file, which co itains param-~
eters reguired in the reading of other
files.

(3) Read existiug file and overlay with card
input to create a new file. This option
18 most frequently used to alter the op-
tions requested from calculationsl modules
or to correct erroneous data. In the multi-
group cross-sectivn file, data for selected
isotopes on the existing file wav be al-
tered or replaced and additional isotopes
may be added.

(4) Skip file. ‘This option is used when an
existing file requires no changes, or when
the given file is not required for the
selected calculation path.

When Option (3) 1is requested for a given file,

the first record reac from cards for that file con-
These

flags enable the user to overlay or skip over each

tains a set of record read control flags.
record as desired. Further, in the reading of an
individual record from cards, words in the record
may be omitted in the reading by using the skip-
words option. An order on the input card of the
type Sn is punched to indicate skip n words in
overlaying the record.

All card input is processed through subroutine
RGEN, which is a free-format card-input processor
written completelv in standard FORTRAN.10 This sub-
routine is described in a eeparate repott.11 Nu-
meric entries are delimited by blanks, and numerics
are interpreted as integers if they contain no deci-
Otherwise, numerics are
Hollerith data

mal point or exponent.
taken to be floating-point aumbers.
are delimited by asterisks.
Hollerith word is six characters; however, a Holler-

The maximum size of a

ith string containing more than six chavacters is

allowed, as in

*INPbbbPRN* .



In this example, INPbbb is loaded as the first word,
and PRN is loaded left~adjusted as a eecond word.

A record must be termineted by T. A slash (/) may
be used to signify an end to the data to be stored
from a given card. Commencs may be inserted after
T or / on a card or otherwise may be set off by
dollar signe ($). Card images are printed as they
are read.

In addition to the skip option cited above, re-
peat, nested repeat, ard interpolate optilons are
also available. The repeat optisn is of the form

Rn{a,h,Chees)
where n is an integer signifying that n copies of
the array contained in the par.atheses are to be
stored. The a,b,c,... arguments of the repeat oper-~
aticn may be numerics, nested repeats, and/or inter-
polation operations. The interpolation operation
is of the form

Ina) ,
which directs that n intaerpclates, between the last
word read prior to the I operation and a, be calcu~-
lated and stored. The R and I specifications must
contain no imbedded blanks, °nd commas must be used
to separate items in an argument list. Several
error diagnostics and assoclisted printed comments
are provided.

B. Print Processor (PRN)

This processor provides the option to print

files or selacted records of files at any point in
As in INP, a set of ilags that govern
The tliree

the path.
the printing of files iz read first.
options available are:

(1) skip file.

(2) Print entire file.

(3) Print selected records in file.
If Option (3) is used, additional flegs are read to
identify which records are to be printed in the
given file.

Most of the data output by the codes is con-
tained in the 16 interface-data files.
quently, it is planned that eventually individual

Conse-

codes will print only informacion that indicates
the progress of calculations such as iteration
nonitor lines.

C. Storage and Retrieval of Files (FLO and FL1)

Both sctorage and retrieval of files are proc-
essed by subroutine FILER. An FLO call in the path
directs FILER to read the files that are stacked

on tape 49 and to store them on disk as individual
files- An FL1 call requests FILER to perform the
inverse operation of copying the files from disk
to tape 50,

A common array NFILES is used for storing the
logicsl unit number of the files, NFILES ig ini-
tialized to zero by DRIVFR, and the associated logi-
cal unit numbers are stored in NFILES as €iles are
NFILES ir. also written as the first record
When filles are

created.
on tape 30 when an FL1 call is made.
read under FLO, a zero in NFILES signals to FILER
that the associated file does not exist and 1is to
The NFILES
record on tape 18 also read into the NFILES array

be omitted in the transfer operation.

urder FLO to restore the configuration of loglcal
uaits sssoclated with the disk files. Methods used
to assign logical unit numbers and buffers to the
interface files ar~ discussed in Appendix C.

D. Segmuntation Structure of Service Modules

The segmentstlon structure of the service mod-
ules ie given in Teble IV. As indicated in Table I,
TABLE IV
SERVICE MODULE SEGMENT STRUCTURE
Routines Included

Call Name _Segment Name in Sepment
DRIVE1{SEGZERC) »DRIVER, BUFOPEN, STOW,
REED, RITE
INP INPS CD:iNP, SNIFF, RGEN,
IFDGIT, ITGR, FLOT,
SETFMT
PRN PRNS FPRINT, RGEN, IFDGIT,
ITGR, FLOT, SETFMT,
SNIFF, WOT, WOT8, WOTI
FLO,FL1 FILR FILER

these segmenta, except for DRIVEl, are stored in
file SER.
vhich is loaded at level 0.
scribed in e special specificatiun sratement

DRIVEL is the main segment of the system,
This segment is pre-

SEGZERO(DRIVE] ,0RIVER,BUFOPEN, STOW,REED,RITE; .
The service modules cach consist of a single level
1 segment. These segments are loaded by DRIVER.
Subroutines in the service modules are described in

Table V.



Routine

DRIVER

BUFOPEN

STOW

RITE

SNIFF

CDLINP

NRGEN

IFDGIT

ITGR

FLOT

SETFMT

FPRINT

WOT8

WOTI

FILER

TABLE V
SERVICE MODULE SUBROUTINES
Description

Main program of system. Calls codes and
service modules as directed by path pre-
scribed by user input.

Written in COMPASS assembly language.l2
Called by DRIVER and SNIFF routines to
assign huffers to filea.

Small routine for transferring array from

one location in core to another. Called
by CDINP and FPRINT.
Reads an array from a file. May be re-

placed to accommodate local environment
where cther than FORTRAN I/0 is required.
Called by CDINP, FPRINT, and FILER.

Writes an array on a file. May also be
replaced as required. Called by CDINP,
FPRINT, and FILER.

Assigns 2 file number corresponding to a
given file name and assigns buffers.
Calls BUFOPEN and is called by CDINP,
FILER, and FPRINT. For machines other
than CDC 6600, SNI¥F should be altered or
replaced to suit local file environment.

Main subroutine of card input module INP.
Called by DRIVER and calls REED, RITE,
STOW, SNIFF, and RGEN.

Resads a free-format array from cards.
Called by DRIVER, CDINP, and FFRINT and
calls IFDGIT, ITGR, FLOT, and SETFMT.

Identifies Integer characters. Called by

RGEN.

Decodes a string of Hollerith characters
to form a signed integer constant.
Called by RGEN.

Decodes a string of Hollerith characters ..--——

to form a signed floatisg-puint constant.
Called-by KGEN

Converts a positive integer less than
100 into two consecutive Hollerit! char-
acters. Called by RGEN.

Main subroutine of print module PRN.
Called by DRIVER and calls REED, RITE,
STOW, SNIFF, RGEN, WOT, WOT8, and WOTI.

Prints one-, two-, or three-dimensional
floating-point arrays. Called by FPRINT.

Prints up to cight one-dimensional ar-
rays. Called by FPRINT.

Prints one-, two-, or three~dimensional
integer arrays. Called by FPRINT.

Stores and retrieves files from tape in
response to FLO and FL1 path calls.
Called by DRIVER and calls SNIFF, REED,
RITE, and BUFOPEN.

IV. CODE DESCRIPTIONS

The seven reactor physics codes in the system
are described in this section. Organization of the
codes under the linked system is stressed, and the
code capzbilities are summarized.

A. ETOX Code '

The ETOX (ENDF/B TO 1DX) code processes the
Evaluated Nuclear Data Filel3 (ENDF/R) to produce
multigroup constants in the Bondarenko format
that can be used as input to the 1DX code. Both
Version-I and -II ENDF/B data can be processed, but
the data must be 1n standard binary (Mode 1) form.
Netails of the computational methods used in ETOX
are given in Ref. 2.

ETOX is currently restricted to a maximum of
99 energy groups, 250 resonances, and single-level
Breit-Wigner representation of resolved resonances.
The dimension of the common array A in the DRIVER
module must be set at 35,000 to provide sufficient
storage for the code. The output must be processed
by the 1DX code to produce a standard MULTIGRP file.

Output from ETOX includes infinite-diluticn
group cross gections, inelastic-transfer matrices
(P0 with downscatter only), and resonance-shielding
factors by group for specified values of temperature
and 00 (total cross section per atom). The princi-

pal advantage of this form of output is that calcu=-

group constants. This is done by interpolating on

the resonance-sghielding factors.

A segment in the code 1s available for creating
or updating a cross-section library. The new library
If an old library is to be

Also, the

is written on tape 46.
updated, it must be assigned to tape 47.
ENDF/B data file must be assigned to tape 48.

Input specifications for the ETOX code are
given in Appendix B (ETX INPT data file). Imput
parameters must be within the ranges specified in
the ETX INPT file description; otherwise, a comment
is piinted and the run is terminated.

The segmentation structure of the ETOX code is
shown in Table VI. ETXS, the level 1 segment, is
loaded by DRIVEK.
by subroutine MAIN, level 3 segnents FILZ and FIL3
are loaded by subroutine ENDFB, and level 3 segments

OVLAY21 and OVLAY22 are loaded by subroutine RESON.

All level 2 segments are loaded



A simplified flow diagram for the ETOX code is

TABLE VI
SEGMENTATION STRUCTURE OF ETOX CODE shown in Fig. 1 (system library routines are not .
Segment Segment shown), and a brief description of each subroutine
Level Name Subroutines Included in Segment is given in Table VII. Two formerly free-standing
1 ETXS MAIN, ERRF, ERROR, FFLUX codes, WLIB and PUPX, are incorporated as segments
TERP1, ZERO, RETREV, CHI, AVER, .
AVSEC, SNIFF in the ETOX code, WLIB computes a table of psi and
2 WLIBR WLIB, W chl functions for the complex probability integral
2 INPTR INPT anu 1s called at the beginning of a calculation be-
2 OVLAY10 ENDFB, FILEl, LOCISO, HEADR fore cross-section processing begins. PUPX creates
2 OVLAY 20 RESON, AVSECR, AJK, NA23, QK, or updates a likrary of cross sectiong and 1s called
QUICKW, RELIB after all of the isotopes in the problem have been
2 FFAC FFACNR processed,
2 OVLAY30 INELAS, FILES, INTERP, INTOR® ETOX contains a number of programmed error
2 OVLAY40 OUTPDX stops; the reason for some of the error stops is
2 PUPXS PUPX, UPDATE, PRINT, 1NPUT, stated explicitly in the output. However, many of
QUTPUT, NTRAN
the stops are identified only by the comment ERROR
3 FIL2 FILE2
STOP N, where N may have any of the values given in
3 FIL3 FILE3, SETUPl, TSUM, MISS
REMTQ’VERZ, CAPSUM,’WCP, %ERPZ Table VIII. The subroutine in which this type of
3 OVLAY21 RRES, SR, SETUFG, ROMB error stop occursg and the condition causing the
3 OVLAY22 URES, SETUBJ stop are given in Table VIII.
TABLE VII
DESCRIPTION CF SUBROUTINES IN ETOX CODE
Subroutine Description Subrout ine Description
MAIN Co;trilsithe o:irelr_;aléaftﬁ: gir::e E:?(zx HEADR Reads ENDF/B tape ID record. Called
calcu atlon anc xea pa by ENDFB and calls ERROR.
of the ETX INPT data file, Also loads y and calls
all level 2 segments. Called by LOCISO Locates isotope on ENDF/B library
DRIVER and calls subroutines BUFOPEN, tape. Called by ENDFB and calls
WLIB, ZERO, SNIFF, INPT, ENDFB, RESON; ERROR.
FFACNR, INELAS, OUTPDX, CHE’ and PUPX. FILEl Reac's File 1 data (general informa-
BUFOPEN is part of the DRIVER module. tion) from ENDF/B tape. Called by
SNIFF Assigns a file number corresponding to ENDFB and calls ERROR.
a given file name and assigns z parti- FILE2 Reads File 2 data (resonance param-
cular buffer to the file. Calls
eters) from ENDF/B tape. Called by
BUFOPEN (see DRIVER module) and is ENDFB and calls ERROR and SNIFF.
called by MAIN, FILE2, FILE3, RETREV,
WCP, TSUM, RELIB, URES, INELAS, and FILE3 Reads File 3 data (smooth cross sec—
OUTPDX. tions) from ENDF/B tape. Called by
ENDFB and calls REMT, SNIFF, ERROR
WLIB Controls calculation of psi and chi ? ; ’
T. UM.
functions (W table) for the complex SETUPL, TERP2, ZFRO, and TS
probability integral. Called by MAIN REMT Locates a particular cross-section
and calls W, type on the ENDF/B tape. Called by
B FILE3 and calls CAPSUM, MISS, ERROR,
W Computes W table. Called by WLIB. VER2, and WCP.
ZERO Zeros out arrays in common. Called by CAPSUM Calculates the total capture cross
MAIN, FILE3, TSUM, CAPSUM, RESON, SR, - . :
URES 4 OUTEDX section at fine-group points by sum-
> an . ming all capture components. Called
INPT Reads remainder of ETX INPT data file by REMT and calls TERP2 and ZERO.
and edits all tne input data. Called
by MAIN. TERP2 Interpolates a seriles of points accord-
ing to ENDF/B specifications. Called
ENDFB Controls reading of ENDF/B library by FILE3 and CAPSUM and calls ERROR

tape. Also loads level 3 segments
FILE2 and FILE3. Called by MAIN and
calls HEADR, LOCISO, FILEl, FILE2,
and FILE3.

and TERP1.
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Subroutine

TABLE VII (cont.)

Description

Subroutine

Description

TERP1

MISS

VER2

FFLIX

ERRF

WCP

SETUP1

RETREV

RESON

RELIB

QK

QUICKW

AVSEC

AVER

AVSECR

RRES

Interpolates one point according to
ENDF/B specifications. Called by
TERP2, VER2, and URES and calls ERROR.

Prints out any missing cross-section
types in File 3 of ENDF/B library
tape. Called by REMT.

Computes inelastic-scattering cross
sections from File 3 data. Called by
REMT and calls TERP1l, FFLUX, and ERRF.

Computes fission flux spectrum. Called
by SETUPl, VER2, INELAS, and OUTPDX.

Calculates the error function. Called

by CHI, VER2, and INELAS.

Writes capture cross sections on
scratch file. Called by REMT and
calls SNIFF and ERROR.

Sets up the fine-group energy mesh.
Called by FILE3 and calls ERROR and
FFLUX.

Sums cross sections over fine groups.
Called by FILE3 and calls ZERO, SNIFF,
RETREV, and ERROR.

Reads File 3 smooth cress sections
previously written on a scratch file
by FILE3. Called by TSUM, AVSEC,
AVSECR, SETUFG, RRES, SETUPU, URES,
FFACNR, and INELAS and calls SNIFF and
ERROR.

Controls resonance region calculations.
Also loads level 3 segments OVLAY21
and OVLAY22, Called by MAIN and calls
NA23, ZERO, AVSEC, RELIB, AVSECR, RRES,
and URES.

Calculates resonance cross sections
for 23Na only. Called from RESON and
calls RELIB and QK.

Reads W table previously computed by
subroutine W. Called by NA23 and
RESON and calls SNIFF.

Calls QUICKW and 1s called by NA23 and
SR.

Generates psi and chi line shape func-
tions from W table. Called by QK and
AJK.

Contrels calculation of infinite-
dilution cross sections in the re-
solved resonance region. Called by
RESON and calls AVER and RETREV.

Calculates infinite-dilution cross
sections from fine-~group data. Called
by AVSEC, AVSECR, and URES.

Controls calculation of infinite-
dilution cross sections in the non-
resonance region. Called by RESON and
calls RETREV and AVER.

Performs and controls resolved reso-
nance calculations. Called by RESON
and calls SETUFG, ERROR, ROMB, and
RETREV.

SETUFG

ROMB

SR

URES

SETUPU

FFACNR

INELAS

FILES

INTERP

INTORP

OUTPDX

ERROR

CHI

PUPX

Sets up energy mesh for the ultrafine
groups in the resolved region, deter-
mines which resonances contribute to a
given ultrafine group, and determines
the average "floor" cross sections for
each ultrafine group. Called by RRES
and calls RETREV.

Calculates resolved-resonance integrals
over each ultrafine group using the
Romberg method (order=7). Called by
RRES and calls SR.

Generates Integrands used in the ROMB
calculations. Called by ROMB and calls
ZERO and QK.

Performs and controls unresolved-
resonance calculations. Called by
RESON and calls SNIFF, ERROR, ZERO,
SETUPU, TERP1l, AJK, RETREV, and AVER.

Sets up energy mesh for the unresolved
groups. Called by URES and calls
RETREV.

Calculates J and K integrals.
by URES and calls QUICKW.

Calculates self~shielding factors for
resonance regions not described by
resorance parameters. Called by MAIN.

Called

Performs and controls inelastic-
scattering calculations [including
(n,2n)] using File 5 data (partial en-
ergy distributions) on the ENDF/B tape.
Called by MAIN and calls RETREV, FILES,
SNIFF, ERROR, INTERP, INTORP, FFLUX,
and ERRF.

Reads and labels the File 5 inelastic
(n,n) or (n,2n) partial energy dis-
tributions from the ENDF/B library.
Called by INELAS and calls ELROR.

Interpolates the inelastic (n,n) or
(n,2n) cross sections. Called by
INELAS.

Interpolates the inelastic (n,n) or
(n,2n) probabilities. Called by
INELAS.

Prints and writes (on disk file TAPEl)
infinite-diluticn group cross secticns
and self-shielding factors. Called by
MAIN and calls SNIFF, ERROR, FFLUX,
and ZERO.

Prints error message when calculation
is beyond limitations of the code.
Called by HEADR, LOCISO, FILEl, FILE2,
FILE3, SETUP1l, TERP1l, TERP2, RETREV,
TSUM, REMT, WCP, RRES, URES, INELAS,
FILE5, and OUTPDX.

Computes group fission spectrum.
Called by MAIN and calls ERRF.

Control subroutine for creating, up-
dating, or printing a library of ETOX
cross sections. Reads last record of
ETX INPT data file. Called by MAIN
and calls BUFOPEN, UPDATE, and PRINT.
BUFOPEN is part of the DRIVER program.

9



TABLE VII (cont.)

Subroutine Description Subroutine Description

UPDATE Creates or updates a library of ETOX OUTPUT Writes cross-section data on the out-
cross sections. Called by PUPX and put library tape. Called by UPDATE
calls INPUT, OUTPUT, and NTRAN. and calls NTRAN.

PRINT Prints cross-section data from the NTRAN Either skips over a specified number
output library. Called by PUPX and of files or writes an end-of-file on
calls NTRAN and INPUT. the ETOX library tape. Called by UP-

INPUT Reads cross-section data from the in- DATE, INPUT, OUTPUT, and PRINT.
put library tape. Called by UPDATE
and PRINT and calls NTRAN.

TABLE VIII
SUMMARY OF "ERROR STOP N" OCCURRENCES IN ETOX CODE
N Routine Condition Causing Error Stop N Routine Condition Causing Error Stop
1 URES K3.GT.6. Dimension of a subscript- ‘16 FILE2 NER.NE.1.AND.NER.NE.2. This ENDF/B
ed variable exceeded. parameter indicates the number of
2 HEADR (MF4MT).NE.0. File number and in- energy regions in the resonance
teraction type should be zero in range.
ENDF/B header record. 18 LRU.NE.1.AND.LRU.NE.2. This ENDF/B
3 LOCISO MAT.EQ.-1. End of data on ENDF/B par:meter indicates whether there
tape. are resolved (LRU=1) or unresolved
’ (LRU=2) resonances in the energy
4 MAT.GT.MATS. Could not find the region in question.
specified material on the ENDF/B
tape. This error stop occurs if 19 LRF.NE.1. This ENDF/B parameter
the materials are not processed in irdicaces the form in which the re-
the order in which they reside on solved resonance data are given.
the ENDF/B tape because the tape is Only single-level Breit-Wigner data
not rewound after each material is (LRF=1) can be handled by the cur-
processed. rent version of ETOX.
5  FILE1 MAT.NE.MATN. Not positioned to 20 NL§1.GT.5. Limitation on the num-
correct material on ENDF/B tape. ber of % states allowad in the
resolved resonance regionm.
6 MF.NE.l1. Not positioned to correct
file on ENDF/B tape. 21 INDEX.GT.250. Total number of re-
solved resonances exceeds the
7 MT.NE.451. Not positioned to cor- dimension of several subscripted
rect interaction type on ENDF/B variables
tape. *
23 LFW.NE.0.OR.LFW.NE.1. ENDF/B pa-
8 ?AT.Eg&g;/BM:teriai n::bertrﬁad rameter indicating whether average
roml N - agi sh:u ?°t € fission widths for the unresolved
équal to zero this point. region are given (LFW=1) or not
9 LNU.EQ.0.0R.LNU.GE.3. Type repre- (LFW=0).
s:nt?sign for ¥(§) fiz: ENDF/B 24 INDEU.GT.250. Total number of un-
iwou e equal to elther one or resolved resonances exceeds the
o- dimension of several subscripted
10 MT.NE.452. See Error Stop 7. variables.
11 NC.GT.10. Number of terms used in 25 LFW.NE.1. LFW (see Error Stop 23)
polynomial representation (LNU=1) should be equal to one at this
of V(E) exceeds the dimension of a point in the code.
subscripted variable. 26 NLS1.GT.3. Restriction on the num-
12 N1B.GT.250. Number of points at ber of £ states in the unresolved
which y(E) is given on the ENDF/B region.
‘ tape (LNU=2) exceeds the dimension 27 NJS1.GT.3. Restriction on the num-
of a subscripted variable. ber of j states in the unresolved
13 FILE2 MAT.NE.MATN. See Error Stop 5. region.
14 MF.NE.2. See Error Stop 6. 28 NEU1.GT.100. Restriction on the
number of energy points at which
15 MT.NE.151. See Error Stop 7. energy-dependent widths are tabu-
lated for the unresolved region.




TARLE VIII
Condition Causing Error Stop

(cont.)
N Routine Conditjion Causing Error Stop

INDEU.GT.250. Same as Error Stop
24 but in a different loop of the

IDXGFU.GT.250. Dimension of sever-
al subscripted variables exceeded
in the unresoived region.

MF.NE.3. See Error Stop 5.
MTX.GT.108. See Error Siop 7.

X(NA).GT.X(NA+1). X should be in
increasing order in the ENDF/B in-

XP(M-1).GT.XP(M). Values of X at
which Y is to be interpolated
shculd be in increasing order.

K.GT.N1l. Interpolation table in
II.LE.0. Interpolation code in

XP.LE.O0. 2ero or negative value of
X cannot be interpolated by logs.

XA.EQ.XB. Cannot intezpolat« on a

NFGT.GT.2699. Total number of fime
groups exceeds the dimension of
several subscripted variables.
Increase DELMAX and/or decrease

K.GT.600. Number of fine groups in
the energy region defined by a
fission spectrum exceeds the dimen-
aion of several subscripted vari-
ables. Increase DELMAX and/or
EMN1EF and/or decrease ANFMPD,

MFFL.EQ.MFFU. Test on the lowest

N Routine
30 ¥ILE2
routine.
31
L
32 REMT
33 REMT
35 Tﬂwz
terpolation table.
36
37
1 ENDF/B 1s incorrect.
38 TEgPl
ENDF/B is out of range.
39
40
discontinuity (X1=X2).
41  SETUP1
ANFMPD.
42
43

1DX Code

B.

and highest group numbers for re-
sonance shielding calculations.

45 SETUPU NURG.GT.99. Number of groups in
the unresolved region exceeds the
dimension of a subscripted vari-
able. Increase DELUMX.

48 RRES EH()).GE.EG(NG+1). Uvper energy
bound for the resolved region
should be less than the highest in-
put group boundary. Increase
EG(NG+1).

50 FILES NK.GT.25. Number of partial dis-
tributions given in File 5 of
ENDF/B exceeds the dimension of
several subscripted variables.

51 INDEX.GT.2000. Total number of
tabulated data points in ENDF/B fo:
ail partial distributions exceeds
the dimencion of sceral subscript-
ed variables.

52 NR1.GT.10, Number of energy re-
gions having different interpola-
tion schemes in File 5 exceeds the
dimension of several subscripted
variables.

53 INDEX.GT.2000. Same as Error Stop
51 but in a different section »f
the roctine.

54 NR1.GT.10. Same as Error Stop 52
but in a different section of the
routine.

55 INDEX.GT.2000. See Error Step 53.

56 NR1.GT.10. See Error Stop 54.

998 RETREV JD.LT.0. Argument returned by sub-
routine SNIFF indicating that a
scratch file could not be located.

999 TULE2 JD.LT.0. See Error Stop 998.

FILE3
URES
INELAS
OUTPDX

1DX is a one~dimensional (slab, cylinder, or

sphere), multigroup, diffusion-theory code designed

primarily to compute reson-nce-shielded and

collapsed-group cross sectiomns. The code can also

be used to compute keff' compute alpha, or perform

criticality searches on material concentratioms,

region dimensions, and buckling for either reguiar

or adjoint cases. Alpha or keff can be used as a

parametric eigenvalue in a search calculation. Vari-

able dimensioning is used in 1DX. Reference 3 gives

a description of the mathematical models used.

Resonance-shielded cross sections are calculatec
from cross-section data generated by the ETOX code.
These data are in the Bonderenko format which include
infinite-dilution group cross sections, inelastic-
scattering matrices, and group resonance-shielding
factors for specified values of temperature and 00.
Interpolation schemes are used to compute shielding
factors and effective cross sections applicable tc
the specific compositions and temperatures in the
reactor. After the flux calculation, 1DX computes
collapsed cross sections averaged over the spectrum
in any specified zone. Collapsed cross-section
output {s in standard MULTIGRP format.



If cross-section data are to be read from an
ETOX library, 1DX expects the library to be present
on tape 46. A library created or updated by ETOX
is written on the same logical unit. At user op-
tion, cross-section input to 1DX can be read in-
stead from the standard MULTIGRP data file.

Standard data files that can be read by the
1DX code are ADMNSTR, GEO DIST, GRP FLXS (either
regular or adjoint), MIX DATA, and MULTIGRP (either
reference or perturbed). Input data not coutained
in the standard data files or in the ETOX library
are read from the code-dependent data file, ODX
INPT. Card input for creation of the ODX INPT file
is described in Appendix B. Of the files mentioned
above, ODX INPT, ADMNSTR, GEO DIST, and MIX DATA
are always required. If the flux guess is to be
read from GRP FLXS and the croas sections are to be
read from MULTIGRP, these two dats files must also
be available.

Standard data files that can be created by 1DX
are INTQUANT, GRP FLXS (either regular or adjoint),
ZONEDENS, and MULTIGRP (either reference or per-
turbed). These files are always created except
MULTIGRP, which is created only if a group collapse
is specified.

1DX does not treat upscatter and cannot read a
MULTIGRP file in which the number of downscatter
terms is not constant for every group and isotope
in the file.

The segmentation structure for the 1DX code,
which can be loaded by either the DRIVER or CLUB
code, is shown in Table IX. Segment ODXS is loaded

at level I+l by either the DRIVER module (I=0Q) or

by the CLUB code (I=2)., All level I+2 segments are
loaded by subroutine MAIN. Level I+3 segment MULTI
is loaded by subroutines INP, RECS, and CRUNCH.
Level I+3 segment DATFS is loaded by subroutines
INP and FINPR.

TABLE IX
SEGMENTATION STRUCTURE OF 1DX CODE

Segment  Segment Subroutines Included
Level® Name in Segment
I+1 ODXS MAIN, ERRO2, CLEAR, RCSTUP,
SNIFF, MIXDAT, NTRAN
1+2 INPR FXINP, ADMNST, INP
1+2 RCXS RCINP1, RCPUP, RCPRT1, RCCHK
I+2 RCCAL RCCAL1, RCCAL2
I+2 FLXCAL RCCSS, RECS, INIT, FISCAL,
MONPR, OUTER, INNER1l, INNER,
CNNP, FINPR, KBAL
I+2 XscoL GRAM, CRUNCH, INTQUA, ZONEDE
I+3 MULTI MULTIG
I+3 DAT:S GRPFLX, GEODIS
a

I=0 if 1DX is loaded by DRIVER, and I=2 if loaded

by CLUB.

A simplified flow diagram for the 1DX code is
shown in Fig. 2, and a brief description of each
subroutine in the code is given in Table X. The
causes of a few error stops are explicitly identi-
fied in the output.
identified only by the subroutine and statement
Conditions lead-

Several other error stops are

number where the error occurred.

ing to the latter error stops are given in Table XI.

TABLE X
DESCRIPTION OF SUBROUTINES IN 1DX CODE
Subroutine Description Subroutine Description
MAIN Controls overall flow of 1DX calcula- ADMNST, ERRO2, GRPFLX, GEODIS, MULTIG,
tion and loads segments INPR, RCXS, MIXDAT, and FXINP. In the call to
RCCAL, FLXCAL, and XSCOL. Called by subroutine MULTIG at this point, only
DRIVER and CLUB and calls subroutines the velocities and fission spectrum
BUFOPEN, INP, RCINP1, RCSTUP, RCCAL1, are read from the MULTIGRP file.
RCCALZ, RCCSS, RECS, INIT, FISCAL, ADMNST Reads the ADMNSTR standard file.
MONPR, OUTER, CNNP, FINPR, GRAM, and Called by INP and calls SNIFF.
CRUNCH. BUFOPEN is part of the DRIVER
module. SNIFF Agpigns a buffer to a specified logi-
cal unit. Called by ADMNST, GRPFLX,
INP Controls reading, writing, and print- GEODIS, INTQUA, ZONEDE, MIXDAT, and

ing of all input data except cross
sections. Also loads segments MULTI
and DATFS. Called by MAIN and calls

12

MULTIG and calls BUFOPEN.
in the DRIVER module.

BUFOPEN is



Subroutine

TABLE X (cemt.)

Description

NTRAN

ERRO2

GRPFLX

GEODIS

MULTIG

MIXDAT

FXINP

RCINP1
RCPUP

RCPRT1

RCCHK

RCSTUP

RCCAL1

RCCAL2

RCCSS

Writes an end-of-file on a specified
logical unit or reads through a speci-
fied number of files on a specified
logical unit. Called by RCPUP.

Writes an error message identifying
the routine and statement number where
the error occurred. Called by INIT,
CNNP, INP, and MULTIG.

Reads and writes the GRP FLXS standard
file. Called by INP and FINPR and
calls SNIFF,

Reads the GEO DIST standard file.
Called by INP and calls SNIFF.

Reads and writes the MULTIGRP standard
file. Called by INP, RECS, and CRUNCH
and calls SNIFF and ERRO2,

Reads the MIX DATA standard Iile.
Called by INP and calls SNIFF.

Assigns a flat flux guess. Called by

INP.
Calls RCPUP and is called by MAIN.

Reads cross-section data in the Bon~
darenko format from an ETOX library
tape. Called by RCINP1 and calls
RCPRT1, RCCHK, and NTRAN.

Prints crosas-section data in the Boa-
darenko format. Called by RCPUP.

Checks cross-section data in the Bon-~
darenko format for comsistency.
Called by RCPUP.

Calculates a table of Op~dependent
resonance~shielding factors (appro-
priate to the temperature of the mix-
ture) for each isotope in the mixture.
This is done by interpolating the
temperature~dependent shielding fac-
tors for each 0. Called by MAIN,

Calculates the appropriate dp for each
isotope in the mix. Since Og cannot
be calculated until the appropriate
shielding factors are known (and vice
versa), iteration is required between
RCCALL and RCCAL2. RCCALl is called
by MAIN.

Calculates resonance-gshielding factors
for each isotope appropriate to the
value of Oy computed in RCCALL. This
is done by inzerpolating on the table
of gp-dependent values computed in
RCSTUP. RCCAL2 is called by MAIN.

Calculates resonance-shielded cross
sections by applving the appropriate
shielding factors to the infinite-

dilution cross sections. Called by

MAIN.

Subroutine

Descrintion

RECS

INIT

CLEAR
FISCAL

MONPR

OUTER

INNER1

INNER

CNNP

FINPR

NBAL

GRAM

ZONEDE

CRUNCH

INTQUA

Checks cross sections from standard
file MULTIGRP, performs adjoint rever-
sal on the cross sections, and writes
the cross sections on a scratch file.
Also loads segment MULTI. Called by
MAIN and cells MULTIG.

Performs adjoint reversals on the ve-
locities and fission spectrum, mixes
the cross sections, modifies the mesh
intervals, and computes areas and vol-
umes. Also calculates the effective
figsion spectrum and the fission rate.
Called by MAIN and calls ERRO2 and
CLEAR.

Sets a specified number of words in a
specified array to a specified value.
Called by INIT, CNNP, and GRAM.

Calculates fission sums and lambda and
normalizes the flux and fission rate.
Called by MAIN.

Prints the monitor line (time, itera-
tion counts, eigenvalue slope, eigen-
value, and lambda). Called by MAIN and
FINPR.

Performs an outer iteration and over-
relaxes the fission source. CZalled by
MAIN and calls INNER1 and INNER.

Calculates coefficients for the flux
equation. Called by OUTER.

Calculates the flux for a specified
group (inmer iteration). Called by
OUTER.

Performs convergence tests and calcu~
lates new parameters for search calcu-
lations. Called by MAIN and calls
CLEAR and ERRO2.

Computes zone fluxes and total flux;
prints area, volume, total flux, power,
and fission source for each mesh inter-
val; prints flux by group and space
point; and controls calculation of the
belance table. Also loads segment
DATFS. Called by MAIN and calls MONPR,
NBAL, and GRPFLX.

Computes and prints the neutron balance
tables. Called by FINPR.

Calculates and prints material inven-
tories. Called by MAIN and calls CLEAR
and ZONEDE.

Writes the ZONEDENS standard file.
Called by GRAM and calls SNIFF.

Calculates and prints collapsed cross
sections and fission spectrum. Also
loads segment MULTI. Called by MAIN
and calls INTQUA and MULTIG.

Writes the INTQUANT standard file.
Called by CRUNCH and calls SNIFF.

13



Fig. 2.
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Simplified flow diagram for 1DX code.

TABLE XI
ERROR STOPS IN 1DX CODE

Statement

Routine Number Condition Causing Error Stop

MULTIG 51 Incorrect number of energy
groups in the input MULTIGRP
file.

MULTIG 53 1DX cannot read Bondarenko
data from the MULTIGRP file.

MULTIG 82 1DX cannot read a MULTIGRP
file that contains upscatter.

MULTIG 84 Incorrect number of downscat-
ter terms in the MULTIGRP
file.

CNNP 130 Zero fission source.

INIT 140 Error in the I0 or Il tables,
i.e., IOM)>MT or I1(M)>MT
for some 1<M<MO1.

INP 250 Input parameter S03 cannot
equal zero if 1S0240 (see
ADMNSTR file description).

INIT 520 R1(I+l) - R1(I)<0 where the

array Rl contains the current
mesh boundaries.

C. _ANISN Code

The ANISN code4
cylinder, or sphere) transport theory (S“) code
A diffusion

solution can also be executed for specified groups.

is a one-dimensional (slab,
with general anisotropic scattering.

This code can perform a fixed source, keff' or alpha
calculation. It can also perform searches on con-
centration, zone width, outer radius, or buckling.
Either a regular or adjoint model can be used.

Alpha or keff can be used as a parametric eigenvalue
in search calculations.

ANISN can also compute activities by interval
and zone for any material in the system and can
perform a group collapse of the cross sections.

The collapsed cross sections can be punched in a
format suitable for use in creating a standard
MULTIGRP file with the INP module.

Variable dimensioning is used in ANISN., If
all of the data cannot be accommodated in fast mem-
ory, selected arrays are stored on disk files.

Cross-section input to ANISN is obtained exclu-
sively from the standard MULTIGRP (c¢ither reference
or perturbed) file. Other standard files required
are ADMNSTR, SN CONS, GEO DIST, and MIX DATA. At
user option, the GRP FLXS (either regular or adjoiut)

file is read to obtain a flux guess for the problem.



Input data not available in the standard files are
read from the ANI INPT file. Card input for the
creation of the ANI INPT file 18 described in
Appendix B. Standard files created are INTQUANT,
ZONEDENS, and GRP FLXS (either regular or adjoint).

ANISN can be loaded by either the DRIVER mod-
ule or by the CLUB code and is segmented as showa
in Table ¥II. The ANIS segment is loadzd at level
I+l where I=0 if loaded by DRIVER and I=2 if loaded
by CLUB. All the level I+2 gegmencs are loaded by
subroutine MAIN. A simplified flcw dlagram for the
ANISM code 1is shown in Fig. 3, and a brief dascrip~
tion of each sutvoutine in the code i{s givem in
Table XIII.
identified in the output.

D. DOTzDB Code

The DOT2DB code5 is a combination of the 2DB
code15 and the DOT code.l6
the transport theory (Sn) or the diffusion theory

Causes of error stops are explicitly

It can solve either

multigroup equations in two space dimensione. If
diffusion theory is specified, selected groups can
be treated by Sn. Solutions can be obtained in

slab (X-Y) and cylindrical (R-Z or R-8) geometrias.
An additional option, triangular gecmetry, is avail-
able if diffusion theory is specified for all groups.
Anisotropic scattering cf any order is allowed in
the Sn option. In the diffusion theory option,
anigotrcpic scattering is treated ian the transport
That is, the P1 scattering matrix,

when provided, is used to calculate the transport

approximation.

cross section.

Either direct or adjoint fluxes can be com-
puted for fixed volume~distributed source, keff’
alpha, concentration search, delta search, or fixed
boundary source problems. Alpha or keff can be
used as a parametric eigenvalue in search calcula-
tions. In addition, activities for any material in
the gsystem can be computed by interval and zone.

Cross-section input to DOT2DB is obtained ex-
clusively from the MULTIGRP file. Although the
calculational portion of the code car *reat aniso-
tropic scattering, subroutine S860, w.ich reads the
MULTIGRP file, cannot do so at preeent. Other
standard data files required are ADMNSTR, SN CONS,
GEO DIST, MIX DATA, and GRP FLXS (either regular or
adjoint).
FLXS, and SN CONS is always read because of the

The flux guess is always read from GRP

TABLE XII
SEGMENTATION STRUCTURE OF ANISN CODE

Segment  Segment Subroutines Included
Leveld Name _ in Segment
I+1 ANIS MAIN, WOT, TIME, SNIFF
1+2 OVLAY1 PLSNT, TP, ADJNT, S805, SBO4,
S$814, WOT8
I+2 OYLAY2 GUTS, HEART, $807, S&10, s821,
DT, S$824, S$833, S851
I+2 OVLAY3 FINPR1, FINPR, PUNSH, DTFPUN,

FLTFX, BT, SUMARY, WRITE, FEWG,
WATE

81=0 1f ANISN is loaded by DRIVER, I=2 if loaded by
CLUB.
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FINPR1

Fig. 3. Simplified flow diagram for ANISN code.
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TABLE XIII
DESCRIPTION OF SUBROUTINES IN ANISN CODE

Subroutine Descciption Subroutine Description
MAIN S?“tr°lz ;ve;all flow of ANISN calcula- WATE Performs group collapse of cross sec-
ion and lcads segments OVLAY1, OVLAY2, tions. Called by FEWG and calls WOT
and OVLAY3. Called by DRIVER and CLUB and PUNSH.
and calls BUFOPEN, TIME, PLSNT, GUTS,
and FINPRL. BUFOPEN Is included in PUNSH Sets up each card to be punched by
the DRIVER module. DTFPUN. Called by WATE and calls
DTFPUN.

WOT Prints one-, two-, or three-dimensional
arrays. Called by PLSNT, S807, FINPR, DTFPUN Punches collapsed cross sections in
SUMARY, and WATE. DTF format. Called by PUNSH and calls

FLTFX.

TIME Obtains and prints elapsed CP time for
the job. Called by MAIN. FLTFX Converts a floating point number to an

integer. Called by DTFPUN.

SNIFF Assigns a file number corresponding to 8 Y
a given file name and assigns a parti- s821 Computes and normalizes fission source
cular 1/0 buffer to che file. Called Also normalizes fluxes and currents.
by PLSNT, TP, and SUMARY and calls Called by HEART.

BUFOPEN (see DRIVER module).
DT Performs diffusion theory inner itera-

PLSNT Controls the reading of all the input tion. Called by HEART.
data and computes puvinters for vari-
able dimension arrays. Called by MAIN $824 Cngutes totalfsourceh(ixclusiie of
and calls SNIFF, TP, S804, ADJINT, S814, self-scatter) for each interval.
WOT8, and WOT. Called by HEART.

&
TP Reads cross sections, source, and flux 5833 Performs tramsport theory (Sp) fnner
iteration, Called by HEART.
or fission guess and copies the data to
scratch files if it does not all fit in $851 Performs outer iteratien convergence
core. Called by PLSNT and calls SNIFF, tests and computes new parameters for
S805, and ADJNT. search calculatione. Called by HEART.

ADJNT Performs group reversal of specified FTNPR1 Prints final monitor lice and sets up
arrays. Called by PLSNT and TP. pointers for activity and collapsing

calculations. Called by MAIN and call

S805 Rearranges cross-section matrices for FINPR, BT, and FEWG
adjoint calculations. Called by TP. > )

FINPR Computes and prints activities and
$804 Chect: in cogs;in;sbangL§;¥putes Pp prints scalar flux and sources. Calle
constants. Lalled by . by FINPR1 and calls WOT,

§814 Cgmpu:es :reii a:: volum:s, periorm: _ BT Determines storage needed for balance
source normallzat.on, anc computes to tables. Called by FINPR1 and calls
tal fixed source by group. Called by SUMARY
PLSNT. )

- _ SUMARY Computes and prints summary tables,
woT8 ::i:ts 851;:de§%h;ng; dimensional ar prints angular fluxes, and writes
ys. ¥ . INTQUANT, GRP FLXS, and ZONEDENS data

GUTS Called by MAIN and calls HEART. files. Called by BT and calls WRITE,

HEART Cowntrols the outer iteration loop. WOT, and SNIFF.

Czlled by GUTS and ralle S807, S81C, WRITE Writes one~dimensional arrays on a
S$821, s824, DT, S833, and S851. scratch file. Called by SUMARY.

5807 Mixes cross sections. Called by HEART FEWG Performs preliminary calculations for
and calls WOT. cross-section collapsing. Called by

S810 Computes geometry-dependent arrays. FINPRL and calls WATE.

Called by HEART.
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possibility of mixed diffus‘ion-sn calculations. In-

put data not available in the standard files are ~-—BN1FF |
read from the DOT INPT file. Card input for creat- ___@D
ing this file with the INP module is described in

- —EaIEr |
Appendix B. Standard files created by DOT2DB are . o )
INTQUANT, ZONEDENS, and GRF FLXS (either rogular or — § RRO2 |

adjoint). "‘—Ei-EATl
The DOT2DB code can be loaded by either the H
l——|5862 l

DRIVER module or the CLUB code and is segmented as
shown in Table XIV. The DOTS segment is loaded at L—

level I+l, where I=0 if loaded by DRIVER aad I=2 if m SNIFF

loaded by CLUB. All of the level I+2 segments are

loaded by subroutine MAIN. Level I+3 segments --—-IPC.QE-—l
DOTTY2 and DOTIY3 are loaded by subroutine INP, and ] MAPR
the remaining level I+3 segments are load.d by sub- —1_’@
routine OUTRER.
-ERROZ
TABLE XIV B—Twor
SEGMENTATION STRUCTURE FOR DOT2DB CODE
|_—{uore ]
Segment  Segment Subroutines Included .
Level®  Name in Segment FISCA ERRO
I+l DOTS MAIN, SNIFF, BUFCL, BUFOP, CLEAR r— ——-
, ; ’ ’ i +—l 58830 F—Jcrock)

CLOCK, ERRO2, WOT

142 DOTTY1 INP -—_@|

I+2 DOTTY4 58830, OUTER, INIT, WOTS, 7 o
FISCAL, S8847, CNNP g —1{CLEAR
I+2 DOTTYS 58850, SUMRY, ACTVTY ] JGRIND WOT l
I+3 DOTTY2 $860 ‘ g
I+3 DOTTY3  $862, S863, RSTD, PCON, MAPR
I+3 DOT4A INNER, GRIND P BIC
I+3 DOT4B DTIC, IFLUXN, DTP, DTJ, DTI | §_ CLOCK|
P ——{ pIJ_I—ICcLocK]
#I=0 if DOT2DB loaded by DRIVER, I=2 1f loaded by ———
CLUB. DTI CLOCK
!
Variable dimenzioning is used in DOT2DB, and .
sonne T —Ts8830]
the code has been procegged with the DYNBUF code @
| S—{snirr ]

to simulate dynamic buffer allocation on the CDC

6600. A simplified flow diagram is shown in Fig. 4. —“@—"‘ERROZ'

Subroutines BUFCP and BUFCL, which provide dynamic =8
buffer allocation and are called by many of the

&
DOT2DB subroutines, are not shown. A brief descrip- ) 5
tion of each subroutine is given in Table XV. E}- 1
Most error stops in DOT21,B are identified oaly N L
by the message "ERROR(H,I)} DETECTED," where H is a g @' "_@j
four-character Hollerith word and I is an integer. 0 T E
Conditions resulting in thi:z type of error message 2
] CLOCK

are summarized in Table XVI. Causes of all other

error stops are explicitly identified in the output.
P P v ‘Fig. 4. Simplified flow diagram for DOT2DE code.
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TABLE XV

DESCRIPTICN OF SUBROUTINES Iiv DOT2DB CODE

Subroutine Description Subroutine Description

HAIN Controls the flow of the DOT2DB calcu- INIT Computes S, constants, mixes cross sec-
lation and loads segments DOTTY1, tions, performs adjoint reversals on
DOTTY4, and DOTTYS5. Called by DRIVER fission fractions and velocities, modi-
?“d CLUB and calls BUFOP, INP, INIT, fies meshes for delta calculations,
FISCAL, S8830, ERRO2, OUTER, S8847, normalizes distributed and boundary
CNNP, BUFCL, S8850, SUMRY, and ACTVTY. sources, and calculates the fission

BUFOP Assigns a buffer to a specified logi- source by interval. Called by MAIN and
cal unit. <Calls BUFOPEN (see DRIVER calls CLEAR, ERRC2, BUFOP, WOT, BUFCL,
routines) and is called by MAIN, INP, and WOT8.

SNIFF, INIT, FISCAL, OUTER, 58847, WOT Prints one-, two~, and three-dimensional
S8850, SUMRY, ACTVTY, SB860, S862, S863, arrays. Calls BUFOP and is called by
RSTD, MAPR, SBB30, WOT8, INNER, GRIND, INIT, $8850, SUMRY, ACTVIY, and GRIND,
DTC, DTP, ERRO2, WOT, DTJ, and DTI.

s < . woT8 Prints up to eight one-dimensional ar-

BUFCL Rewinds a specified logical unit and
releases the buffer assigned to the rays. Called by INIT and calls BUFOP.
unit. Called by MAIN SNIFF, INP, FISCAL Calculates the total fissiun source and
586G, s862, S863, RSTD, OUTER, INIT, normalizes the fluxes and fission
FISCAL, S8847, S8850, SUMRY, and sources. Called by MAIN and calls
ACTVTY. BUFOP, BUFCL, and ERRO2.

ERRO2 Prints error messages. Calls BUFOP and 58830 Prints the iteration monitor line.
is ~alled by MAIN, INP, 5860, INIT, Called by MAIN and $8847 and calls
FISCAL, and CNNP. CLOCK and BUFOP.

INP Coordinates reading of the input data, CLOCK Obtains the current CPU time in sec-
loads segments DOTTY2 and DOTTY3, cal- onds. Called by $8850, $8830, INNER,
culates pointers for array variables, DTIP, DTJ, DTIL, and ACTVTY.
and reads ADMNSTR file and control OUTER Coordinates the outer iteration loop
parameters from DOT INPT file. Called and loads segments DOT4A and DOT4B.
by MAIN and calls CLEAR, SNIFF, BUFOP, Called by MAIN and calls CLEAR, BUFOP,
BUFCL, ERRO2, S860, S862, S863, RSID, BUFCL, INNER, ,0TC, DTP, DTJ, DTI, and
PCON, and MAPR. IFLUXN.

CLEAR Sets a specified numer of elements in INNER Coordinates the S, inner iteration
a glven array to a specified value. loop. Called by OUTER and calls GRIND,
Called by INP, $860, OUTER, INIT, BUFCL, CLOCK, and BUFOP.

SUMRY, and ACTVTY.
GRIND Solves the S, equations for a group.

SNIFF Assigns a file number corresponding to Called by INNER and calls BUFOP and
a specified file neme. Called by INP WOT.

S860, 5863, RSTD, S8847, and SUMRY and
calls BUFOP and BUFCL. DIC Calculates coefficients for the diffu~
sion theory flux equations. Called by

S860 Reads cross sections from the MULTIGRP OUTER and calls BUFOP.
file, checks cross-section balance, and
rearranges the cross sectlons for the DTP Performs the diffusion theory inner it-
adjoint case. Called by INP and calls eration calculation on horizontal mesh
SNIFF, ERRO2, BUFCL, BUFOP, and CLEAR. lines for problems with periodic bound-

ary conditions. Called by OUTER and

5862 Reads the distributed fixed source from ca{ls CLOCK 2nd BUFOP. y o
the DOT INPT file. Called by INP and
calls BUFCL and BUFOP. DTJ Performs the diffusion theory inner it-

$863 Reads the fixed bound £ eration calculation on vertical mesh

e undary source Irom lines. Called by OUTER and CLO
the DOT INPT file. Called by INP and e op [ted by OUTER and calls cLOCK
calls SNIFF, BUFOP, and BUFCL.
. DTI Performs the diffusion theory inner it-

RSTD ?eads SN CONS, GEO DIST, anthRP FLXS eration calculation on horizontal mesh

fiies andlihe ;emai;derdof tle DO§F§NP1 lines for nonperiodic boundary condi-
e. Called by INP and calls SNIFF, tions. Called by OUTER and calls CLOCK
BUFOP, and BUFCL. and BUFOP.
peon giéculates Py constants. Called by IFLUXN Calculates leakages, reaction rates,
HE. and reutren balance and normalizes

MAPR Prints zone and material maps. Called fluxes after diffusion theory innmer
by INP and calls BUFOQP. iteratior. Called by OUTER.
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TABLE XV (cont.)

Subroutine Description Subroutine Description

58847 Sums the reactio? rates and leakages SUMRY Calculates and prints the summary table
and prints the final monitor line and by group and zone, writes the remainder
balance tables. Also writes first of the INTQUANT file, and writes the
record of INTQUANT file. Called by GRP FLXS and ZONEDENS files. Called by
MAIN and calls BUFQP, S8830, SNIFF, and MAIN and calls BUFCL, CLEAR, BUFOP,
BUFCL. SNIFF, and WOT.

CNNP Performs outer iteration convergence ACTVTY Calculates and prints activities by
tests rn fission and scatter source interval and zone. Called by MAIN and
ratios and adjusts search parameters. calls BUFOP, BUFCL, CLEAR, WOT, and
Called by MAIN and calls ERRO2. CLOCK.

S8850 Prints the final boundaries, total
flux, fission source density, and flux
moments. Called by MAIN and calls
BUFOP, WOT, BUFCL, and CLOCK.

TABLE XVI
SITMMARY OF "ERROR(H,I) DETECTED" MESSAGES
H I Condition Causing Error Stop H 1 Condition Causing Error Stop
DOT2 106 Program logic error encountered in *MU m y = 0 for angle m.
MAIN. *ETA m N =0 for angle m.
*B01 0 IBO1 = 2 or 1BO2 =~ 2 and IBOl ¥ IBO2, - < >
If either the left- or right-boundary ETA m n<Q for angle number m > MM/2.
condition is periodic, the other must +ETA m n>0 for angle number m < MM/2.
also be periodic. ~MU m No u found that mates with -~y .
*B03 0 IB03 = 2 or 1IBO4 = 2 and IBO3 ¥ IBO4.
If either the top~ or bottom-boundary % MM MM
condition is periodic, the other must wI 0 Z W + Z W
also be periodic. m=1 m . "n "n
*A04 n Order n of S; quadrature is not even. Mﬂ
%503  1S02 1502 # 0 and SO3 = 0.0 where I502 is + ,Z Won j f1.0
the parametric eigenvalue type and S03 u=l "m ‘m
is the parametric eigenvalue.
*MT MT Mixture number or component in mixing

IBS® IBSS Insufficient core .storage available table exceeds MT where MT is the total

for boundary source that uses IB.S number of materials.

words. Increase dimension of common

array A in DRIVER. TMAX 0 Opax > 1.0 (6-mesh is measured in
revolutions, i.e., in units of 2m).

SIZE LAST Insufficient core storage available

for variable dimension arrays. Amount *R I R(I+1)-R(I) < 0.0. Radial mesh is not
of storage required is LAST words. in ascending order.
Increase size of vommon array A in *Z J Z2(J+1)-Z(J) < 0.0. Axial mesh is not
DRIVER. in ascending order.

5860 161 NMTPL0 where MTP is the number of iso- *EV I Calculated eigenvalue for outer iter-

tores in the MULTIGRP file. ation I differs from input estimate

5860 160 Insufficient storage for reading by more than }/I.

MULTIGRP file. Increase size of com- *FS IEVT Calculated fission source is zero.

mon array A in DRIVER.

Not allowed except for fixed-source
problems.
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E. CLUB Code
The CLUB code is a time-dependent fuel-

depletion and fission-product-tuildup program based

on the CITATION coda.B

fluxes to compute time-dependent changes in atom

CLUB uses zone—averaged
densities on a subzone and zone scale. Fuel manage-
ment is not available.

Zone-averaged fluxes are obtained from the
INTQUANT interface file. At user option, this file
can be provided by (1) the user, (2) infinite-
medium calculations in CLUB, or (3) any one of the
flux codes. For Option (1), the user creates the
INTQUANT file from card input to the INP module.
This file is then used for every burnup step. For
Option (2), CLUB performs an infinite-medium flux
calculation and writes the INTQUANT file at the
beginning of each burnup step. For Option (3),
CLUB loads the specified flux code (1DX, ANISN, or
DOT2DB) at the beginning of each time step. CLUB
provides the flux code with current compositions
through the MIX DATA file, and the flux code pro-
vides CLUB with zone-averaged fluxes through the
INTQUANT file.
the flux code also provides CLUB with a new
ZONEDENS file.

CLUR uses variable dimensioning and has been

In concentration search problems,

processed with the DYNBUF code17 to provide dynamic
buffer allocation on the CDC 6600.

Interface files always required by CLUB are
ZONEDENS, MULTIGRP, INTQUANT. and CLB INPT. Card
input for creating CLB INPT with the INP module is
described in Appendix B.

the isotopes on the MULTIGRP file be ordered such

It is recommended that

that the fission products follow the fissile iso-
topes. 1f a flux code is used, CLUB also requires
the ADMNSTR, MIX DATA, and GEO DIST files.

The ZONEDENS file is always created after each
depletion step. If a flux code ir use&, CLUB also
creates the MIX LiATA file after each burnup step.
The INTQUANT and GRP FLXS (both regular and adjoint)
files are created by CLUB if an infinite-medium

flux calculation is specified.
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The segmentation structure for the CLUB code
is shown in Table XVII. Level 1 segment CLBS is
loaded by the DRIVER modulz; level 2 segments
DEPINP, FLXCON, and DEPLET are loaded by subroutine
CLUB; and level 3 segment PTSPEC is loaded by sub-
routine NFLX if an infinite-medium flux calculation
is specified. However, if a finite-medium flux cal-
culation is specified, NFLX loads (at level 3) the
ODXS, ANIS, or DOTS segment of the 1DX, ANISN, or
DOT2DB code, respectlvely. Level 3 segments BURNDTA

and BURNUP are loaded by subroutine BURN.

TABLE XVIIX
SEGMENTATION STRUCTURE FOR CLUB CODE

Segment  Segment Subroutines Included
Level _Name in Segment
1 CLBS CLUB, ITTIME, ICLOCK, GRIT,
XION, BUFCL, BUFOP
2 DEPINP INPT
2 FLXCON NFLX
2 DEPLET BURN
3 PTSPEC SPEC, SPTC, SPTQ, SPTP
3 BURNDTA  BRNA, BRNB, BRNC, BRND, BRNH,
BRNI, BRNJ
3 BURNUF BRNP, BRNQ, BRNR, MIXDAT, NUCX

A simplified flow diagram for the CLUB code is
shown in Fig. 5. Not shown are subroutines BUFOP
and BUFCL, which are used in connection with dynamic
buffer allocation and are called by many of the CLUB
subroutines. A brief description of each subroutine
is given in Table XVIII.

Many of the error stops in CLUB are explained
adequately in printed messages. However, one of

the error messages is in the form
***DATA ERROR STOP NUMBER N

where ¥ 1is an integer. The possible values of N,
the routine in which the message is printed, and
the conditions leading to the error message are

summarized in Table XIX.



TABLE XVIII
DESCRIPTION OF SUBROUTINES IN CLUB CODE

Subroutine'. Description Subroutine Description
CLUB Controls the overall flow of the CLUB SPTP Performs perturbation calculations
calculation and loads segments DEPINP, using infinite-medium fluxes. Called
FLXCON, and DEPLET. Called by DRIVER by SPTQ and calls BUFOP.
module and calls subroutines INPT,
BURN Controls flow of burnup calculation for
NFLX, ICLOCK, BUFOP, BURN, and ITTIME. the depletion step and loads segments
INPT Reads title and neutronics selection BURNDTA and BURNUP., Called by CLUB and
from the CLB INPT file. Called by CLUB calls ICLOCK, ITTIME, XION, BUFCL,
and calls BUFOP, ICLOCK, and ITTIME. GRIT, BRNA, BUFOP, BRNP, BRNQ, and
BUFOP Assigns an available buffer to a speci- BRNR.
fied logical unit. Calls BUFDPEN (see BRNA Controls reading of input data from CLB
DRIVER module) and is called by CLUB, INPT file and computes pointers for
INPT, NFLX, XION, SPEC, GRIT, SPIC, burnup calculation. Called by BURN
SPTQ, SPTP, BURN, BRNA, BRNB, BRNC: and calls XION, BUFCL, BUFOP, BRNC.
BRND, BRNH, BRNI, BRNJ, BRNP, BRNQ, BRND, BRNB, BRNH, BRNI, and BRNJ.
NUCX, BRNR, and MIXDAT. BRNC Reads depletion history and editing
BUFCL Rewinds a specified logical unit and options from CLB INPT file. Called by
releases the buffer assigned to the BRNA and calls XION and BUFOP.
unit. Called by NFLX, SPEC, GRIT, BRND Reads zone-classification data from CLB
SPTC, SPTQ, BURN, BRNA, BRNB, BRNJ,
BRNP, BRNQ, BRNR, and MIXDAT INPT file. Called by BRNA and calls
’ ’ ’ * BUFOP and XION.
ICLOCK Obtains current CPU time in units of
BRNB Reads cross sections from MULTIGRP
O-ngggg. Called by CLUB, INPT, NFLX, file. Called by BRNA and calls XION,
an . BUFCL, and BUFOP.
ITTIME gbziine curze;; ;e:l éigg 1¥N;¥it;F:§ BRNH Reads yield data for fission producﬁs
" 5;§° alled by ’ ' ’ from CLB INPT file. Called by BRNA and
and BURN. calls XION and BUFOP.
t (PTSPE
NFLX gg;g‘ Zgisappropriate segment Ci BRNI Reads nuclide-chain specifications from
, , or DOTS) for the flux cal CLE INPT fil Called by BRNA and
culation at each depletion step. Ll F ile. Called by an
Called by CLUB and calls ITTIME, ICLOCK, calls BUFOP and XION.
SPEC, BUFOP, GRIT, BUFCL, and MAIN. BRNJ Reads nuclide densities by subzone from
Depending on the flux module celected, CLB INPT file. If subzone densities
MAIN is the main subroutine of the 1DX, are specified, writes the ZONEDENS
ANISN, or DOT2DB module. file. If subzone densities are to be
— set equal to the zone densities, reads
SPEC Read prinite-mediun data from the the ZONEDENS file. Called by BRNA and
e and compuvtes pointers for 11s XION, BUFCL 4 BUFOP
the infinite-medium flux calculetion. calls ’ » an :
Called by NFLX and calls XION, BUFOP, BRNP Performs initialization for each deple-
BUFCL, GRIT, SPTC, ard SPIQ. tion step and reads INTQUANT and
ZONEDENS files. Called by BURN and
XION Assigns a logical unit number given the calls XION BSFCL and BU;OP.
file name. Calls BUFOP and is cal; d ’ '
by SPEC, SPTC, SPTQ, BURN, BRNA, BRHB, BRNQ Performs the depletion calculation for
BRNC, BRND, BRNH, BRNI, BRNJ, BRNP, and the time step. Called by BURN and
BRNR, calls BUFOP, GRIT, NUCX. and BUFCL.
GRIT Performs block-data transfers to or NuCx Solves the chain equations. Called by
from a specified legical unit. Calls BRNQ and calls BUFOP.
BUFCL and BUFOP and is called by NFLX, BRNR Performs after-depletion-step calcula~-
SPEC, SPTC, SPTQ, BURN, BRNQ, and BRMNR. tions and edits and writes ZONEDENS
SPTC Reads ZONEDENS and MULTIGRP files and file. If a flux code is used, reads
computes constants for the infinite- ADMNSTR file. Called by BURN and calls
medium flux calculation. Called by BUFCL, BUFOP, GRIT, XION, and MIXDAT.
SPEC and calls XION, GRIT, BUFCL, and MIXDAT Writes new MIX DATA file after each de-
BUFOP. pletion step. Reads old MIX DATA file
SPTQ Performs the infinite-medium flux cal- te obtain mix numbers and mix commands

culation. Writes INTQUANT and GRP
FLXS (both regular and adjoint) files.
Called by SPEC and calls XION, BUFCL,
BUFQP, SPTP, and GRiT.

and GEO DIST to obtain material numbers
by zone.
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Fig. 5. Simplified flow diagram for CLUB code.

F. DAC Code

The DAC code is a perturbation theory program
for use with one-, two-, and three-dimensional geom-
etries. Geometries treated are slab (X, X-Y, and
X-Y-Z), cylinder (R, R-Z, R~-8, and R-0~Z), sphere
(R), and hexagon (H and B-Z). At user option, DAC
can use either angular fluxes from Sn calculations
or scalar fluxes and currents from either diffusion
or Sn calculations.

Reactivity worths of perturbations in micro-
scopic cross sections and/or atom densities are com-
puted by mesh interval and reaction type (fission,
scattering, and total cross-section components).

The prompt-neutron generation time and effective
delayed-neutron fractions are also computed for the
reference (unperturbed) system. The theory and
numerical methods are the same as those used in the
one~-dimensional DAC1 code.6 Only isotropic scatter-

ing is treated. The code is variably dimensioned.
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TABLE XIX

SUMMARY OF '"***DATA ERROR STOP NUMBER N"
OCCURRENCES IN CLUB CODE

Routine

Condition Causing Error Stop

702

703

705

706

710

802

811

820

321

844

854

855

857

858

861

862

863

871

SPEC

SPEC

SPTC

SPTC

SPTQ

BRNA

BRNC

BRND

BRND

BRNI

BRNI

BRNI

BRNI

BRNJ

BRNJ

BRNJ

BRNP

INFD(1).FQ.0 where INFD(1l) is the
number of energy groups for the
infinite-medium flux calculation.

Insufficient core storage available
for infinite-medium flux calcula-
tion. Increase dimension of common
array A in DRIVER.

No fission source in first

group in infinite-medium calcula-
tion. Check fission fractions
(average for set) in MULTIGRP file.

Total fission source is zero in
infinite-madium flux calculation.
See error stop 705,

No convergence in infinite-medium
flux calculation, i.e., fluxes

growing without bound.

Insufficient core storage for burn-
up arrays. Increase dimension of
common array A in DRIVER.

DD(1).LE.0.0 where DD(l) is refer-
ence core power level for first
cycle.

NL(N).LT.NF(N) for zone set N in
zone-clasgification data.

All zones were not specified in
zone-classification data.

A fissinn product gpecified in the
fission.vield data is not in the
MULTIGRP file,

A nuclide in a nuclide chain is not
in the MULTIGRP file.

lncorrect transition type (NTYPE=Q)
in a nuclide chain,

A fissile nuclide specified in the
fission-yield data is not in the
MULTIGRP file.

Logic error in setting up the chain
array in subroutine BRNI.

A nuclide specified in the subzone
concentration data is not in the
MULTIGRP file.

Logic error in setting up subzone
concentrations in subroutine BRNJ.

Logic error in setting up zone con-
centrations in subroutine BRNJ.

Could not perform end-cf-cycle re-
covery for overshot conditions
because start-of-step nuclide con-
centrations were not saved. See
input parameter ND(7) in CLB INPT
file.



Interface-data files required by DAC are
ADMNSTR, GEO DIST, GRP FLXS (both regular and ad-
joint), INTQUANT, MIX DATA, reference MULTIGRP,
and DAC INPT.
scopic cross sections are to be calculated, the
perturbed MULTIGRP (PERTMIGP) file is required. 1If
angular fluxes are to be used, the SN CONS file is

If worths of perturbations in micro~

also required. Card input for creation of the DAC
INPT file is described in Appendix B. In the cur-
rent system, there are no interfaca files created
by DAC.

The segmentation structure of DAC consists of
a single segment DACS as shown in Table XX. DACS
is loaded at level 1 by the DRIVER module.

A simplified flow diagram is shown in Fig. 6,
and a brief description of each subroutine is given
in Table XXI. All error messages printed by DAC

are self-explanatory.

TABLE XX
SEGMENTATION STRUCTURE OF DAC CODE

Segment  Segment Subroutines Included
Level Name in Segment
1 DACS MAIN, SNIFF, TRSINT, PRINCS,

DNSPEC, SCATCS, DNSORT, RMAVGF,
MIXCX, SCRATO, PERT

f—{snIFF_}
—{Rncs ]

(=4
>
(g]

|

—{scarcs |
—{onsort |
i ET
—{Mixcx |
[—izRsint }— sniFF ]
—{ruaver I snirr
{snige ]}
{scraz0 ]

PERT

MULTIGRP

[— Isotope Loop -—J

Perturbation

[Case LoOp-l

Fig. 6. Simplified flow diagram for DAC code.

TABLE XXI
DESCRIPTION OF SUBROUTINES IN DAC CODE

Subroutine Description

MAIN Controls overall flow of DAC calcula-
tion, reads all input data except flux-
es, and computes pointers for varizble-
dimension arrays. Called by DRIVER and
calls BUFOPEN (see DRIVER subroutines),
SNIFF, PRINCS, DNSPEC, SCATCS, DNSORT,
MIXCX, TRSINT, RMAVGF, SCRATO, and
PERT.

SNIFF Assigns a file number corresponding to
a specified file name and assigns a
buffer to the file. Calls BUFOPEN (see
DRIVER subroutines) and 1is called by
MAIN, TRSINT, RMAVGF, and PERT.

Stores principal cross sections from
the MULTIGRP file into the cross~
section matrix. Called by MAIN.

Stores delayed-neutron spectrum data
from MULTIGRP into the proper array.
Called by MAIN.

Stores the scattering cross sections
from MULTIGRP into the cross-sectien
matrix. Called by MAIN.

Sorts delayed-neutron spectrum and
abundances. Called by MAIN.

Mixes and p.ints cross sections for the
reference configuration. Called by
MAIN.

Reads the GRP FLXS (both regular and
adjoint) file and computes the trans-
port weighting integrals. Called by
MAIN and calls SNIFF.

Computes volume elements corresponding
to the final spatial mesh. In delta
and outer radius search problems, the
final mesh is computed from the eigen-
value and initiai mesh and mesh modi-
fiers. Called hy MAIN and calls SNIFF.

Reads and writes a scratch file.
Called by MAIN.

PERT Computes the prompt-neutreon generation
time, effective delayed-neutron frac-
tions, and perturbation reactivities.
Called by MAIN and calls SNIFF.

PRINCS
DNSPEC
SCATCS

DNSORT

MIXCX

TRSINT

RMAVGF

SCRATO

G. MCZ Code

The interfaced version of the MC2 code1 proc-
asses both Version-I and -II ENDF/B data to produce
a staqdard multigroup file. The code has ‘not been
converted for direct access by a path call in
DRIVER.

code whose output can be accessed by the other codes

Instead, it is operated as a free-standing

in the system. This mode of operation is used be-
cause of the computation time required in generating

a MULTIGRP file containing a number of materials.



M02 treats the resonance region in a detailed
manner, provides for linear anisotropy (Pl) in the
elastic-scattering matrix, and accounts for hetero-
geneity effects through a two-region cell model.
Cross sections for the thermal group are supplied
by the usger.

M02 is limited to single~level Breit-Wigner
representation of resolved resonances, a broad-
group lethargy mesh that is a multiple of a basic
lethargy width &u = 1/120, and downscattering. M02
does not have the capability to update or add to an
existing MULTIGRP file; therefore, all isotopes
needed on MULTIGRP must be calculated in the same

run. This problem can be circumvented outside of

MC2 by writing a separate code to merge two MULTIGRP

files iuto one file.

Although the code uses variasbhle dimensioning;
a container array of 40,000 words has bgan found
necessary for some problems. For this size array,
the code requires a total of 82,000 words of fast
memory, including 9,500 words of buffer space.

The input ENDF/B binary tape must be arranged
by files (alternate arrangement). HCZ expects the
first two files {general information aad resonance
parameters) on logical unit tape 1, and the next
four files (smooth cross sections, secondary
angular distributiong, secondary energy distribu-
tions, and secondary =energy-angle ‘stributions) on
The output MULTIGRP file is wriiten on

Card input to the code is described in

tape 9.
tape 20,
Appendix B.
input is not in free format.

In contrast to the INP module, card

ch was originally programmed for the IBM 360
and required much effort te make it operational on
the CDC 6600.
of basic differences in the two computers (e.g.,
small word size on the IBM 360 requiring the use of
double precision), use of aonstandard FORTRAN (e.g.,
subgcripted subscriptsg), and differences in file

Most of the problems were the result

usage (e.g., I/0 buffer assigoment).

Difficulties in converting HCZ to the CDC 6600
resulted in the development cf the CONVERT code18
and the DYNBUF code.17 CONVERT looks for and flags
or changes some of the FCRTRAN differences in an
IBM program in converting it for use on the CDC.
DYNBUF makes changes to an IBY FORTRAN program to
provide dynamic buffer allocation on the CDC 6600.

24

Table XXII shows the MC2 overlay structure and
the subroutines in each overlay. The subroutines
BUFOP, BUFCL, and BUFOPEN are used in connection
with dynamic buffer allocation on the CDC 6600. For
a description of the other subroutines, computational
algorithms, etc., the reader is referred to Ref. 1.

An improved version of HC2 1s being developed
at ANL.19

put multigroup cross sections in the Version~1lI

The new version, ralled MC2~2, will out-

standard interface-file format and will provide, at
user option, rapid generation of cross sections by
relaxing the rigor of the computational algorithms.
By using standard FORTRAN to the fullest extent
possible, convarsion of the code to computers other
than the IBM 360 should be simplified. When MC>-2
becomes available, it will be incorporated into the

system of linked reactor physics codes at LASL.

TABLE ¥XII
OVERLAY STRUCTURE OF INTERFACED MCZ CODE
Overlay

Level Subroutines Included in Overlay

(0,0) DRIVER, TIMEIT, SKIPFI, SNIFF, BUFCL,
BUFOP, BUFOPEN, POINTR, FREE, PUTM,
PUTPNT, WIPOUT, DUMP, GEIPNT, SAVPRG,
GETN, PRGSET, STATUS, IGET, PRTIl, PRTIZ,
PRTR1, PRTR2, PRTAl, PRTAZ, IPTERR, ILAST,
ILASTB, ALLOC2, LOCF, FREEl, REDEFM,
REDZF, TLEFT, ABSTOP, ABEND

(1,0) CSI001, INPT, READ1

2,0) CSC001, FDPRTU, QUICKW

(2,1) TWOl, UNRES, QFJ

(2,2 TWO2, RESRS

(3,0 CSC002

(3,1) CNTRL1, FDPTR1, FIGERO, SIGAVC, EF, ROMBI,
INSCAT, FDINST, SOURCE

(3,2) THREE2, CNTRL2, ALRAGO, PONE

(4,0) C5C003

(4,1) FOUR1, AVER

(4,2) FOURTWO, AVERl, DTASET, FDATWT, FRVEL,
RESON, INSCA, QUEZE, ELAST

(4,3) FOUR3, BGPONE

(4,4) FOUR4, MULTGRP, PRNTAB, PRNTI4, PRNTA,

RWSCT



APPENDIX A

CONVERSION OF SYSTEM TO OTHER COMPUTERS

For computers that define the overlay struc-
ture by control cards or jJob control language, it
is suggested that a dummy gubroutine called SEGMENT
be added to nullify the segment calls. In situa-
tions where other calls, such as CALL LINK, are
required, it is suggested that & subroutine SEGMENT
be set up to perform the required call. Such a

subroutine could be as simple a2 the following:

SUBROUTINE SEGMENT (FILE, L, SEG, LIB, MAP)

CALL LINK (SEG)

RETURN .

For systems with built-in dynamic buffering,
subroutineas BUFOPEN, BUFCL, and BUFOP should be
replaced by dummy subroutines.
lccal «daptations of the SNIFF subroutine may be

required.

In other situations,

In general, it is not desirable to compile the
whole system of codes in a single compilation run.
The binary object codes for each of the files listed
in Table I (Sec. II) are normally crested or updated
in separate compilation runs and are stacked cn &
magnetic tape. In exscuting s particular problem,
the binary files are tranaferred to separate disk
files from the tape. The small DRIVER program is
ususlly rscompiled at exccution time to adjust the
gize of the common container block A to the particu-~
lar problem dimensions. Ssmple control card decks
for performing these cperations on the CDC 6600 will

be supplied with the asource programs.

APPENDIX B

DESCRIPTION OF CARD INPUT

The card input description follows procedurea
used by the CCCC in dsfining files. The desgcrip-
tion is punched on comment cards, which provide a
convenient method for updating and corracting the
description. Ths first two columns of s card con-
tain characters CF, CL, CR, etc., which identify
the type of information contained on the card.
These conventions are defined as

CF Denotes name of a fiie or block of input

data.

CE Description of file o« block. CF and CE
normally appear together enclosed by
asterisk cards.

CR Record name,
CL List defining array to be input.

CD Description or definition of input
parameters.

CN Explanatory notes.

CS Description of file structure.

CC Condition controlling reading of record.

C Used for spacing and delimiting records.
CEOF End of file or hlock of data.

The first block of input, the CONIROL block, is
always read by DRIVER at the beginning of a run.

The remaining iaput ia controllad by the path de-
fined by the ussr. Whenever an INP call is used in
the path, the CARD INPUT FILE CONTROLS are read
first. These controls determine which of the 16
data filsa are to be created or modified by card
input during the given INP execution. The block
entitled FILE AND RECORD PRINT CONTROLS is read
vhenever s PRN call occurs in the path. Additional
information on card reading and file printing is
given in Seco. JII.A and III.B.

The last file in the card input description
contains the input description for the free-standing
interfaced ch code. This_input description was
provided by ANL for the ch code.

Card input for a number of sample problems is

discussed in Appendix D.
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C...l.........................Q......ll.I...Q.........G....A (2 XX X1 222X ]

C -
CF CONTROL -
CE DRIVER CONTROL INPUT -
C -

CoennansRsion sttt aRRAR R R IRRCRRRIRSRCOIRRNIRRORNANRRRLURRRRRRLRRAAN

c —n- B L T e

CR NUMBER OF PATH ELEMENTS

C -
CcL NPATH -
C -
cD NPATH NUMBER OF PATH ELEMENTS -
c -
C ——— - cm-

Coamm - - T P P D ay W DD D D e B D G L o W T S D @ A A% W A
CrR PATH -
C -
cL (PATHIL) « 151 eNPATH) -
c -
cD PATH(I) THREE=CHARACTER MOLLEKITH NAME FOR THE ITH -
co MODULE «COULE BLOCAe ON ELEMENT IN THE PATH, -
co AVAILABLE MODULES ARE -
co FLO READS STANDARD AND CUOE-DEPENDENT FIILES -
co FROM TAPE AND STORES EACH FILE AS A -
o SEPARATE DISK FILE. -
(o)) FLL STORES FLILE ON AN OUTPUT TAPE, -
co INF  INPUT PROCESSOR. CREATES OR MODIFIES ANY =
cd OF THE STANDARD OR CUDE-DEPENOELNT FILES -
cD FROM CARD INPUT, -
co PRN AT USERP OPTION. PRINTS ANY OF THE FILES -
cD OR SELFCTED RECORDS FROM ANY OF THE FILES.-
co ETX ETOX CODE. CONSTRUCTS MULTIGROUP CROSS~ ~
cD SECTION DATA IN SONDARENKD FORM USING NDATA-~
(0] FROM ENDF/8 FILE. -
[of0) ODX  ONEDK CODE, A UNE-DIMENSIONAL DIFFUSION -
cD CUDEes CONVERTS €TOX UUTPUT INID A MULT]= -
cD GROUP CRUSS-SECTION SET, -
cD ANL ANISN CODEe A ONE=-DIMENSIONAL SN COOE. -
cD HNDOT DOT206 COOE. A TwO-DIMENSIONAL FLUZ -
[o{0) COoDE PHOVINING EITHER THE DIFFUSION DR -
ch SN OPTIONS, -
cD DAC PERTURRATION CUDE. CALCULATES PERTUR~ -
cD BATIUN REACTIVITIES USING FLUKES FROM -
co ANY OF THE ABOVE FLUX CODES, -
co CLE PERFORMS BURNUP CALCULATIONS USING ANY -
ch OF THE ABOVE FLux CODLS -
C -——- - wn - covesesneccvas - -

CEOF



C............O.......O.....o.....l'.............Q.9.....‘....0.....9.".“.

c -
Cf CARD INPUT FILE CONTROLS -
C -

c.O...9..............9.“.........Q......ﬁ.ﬁ....H'O..................“...

Creerrcacrocsracorarscaneanraatracrerarre e S, cecmcmeacnens

CR FILE CONTROL

C -
cL IREADI(])»1=}sl6 -
C -
cD IREAD =ls READ FILE FROM CARDS -
co =de READ FILE FRUM TAPE -
co =3¢ READ FILE FROM HUTK CARDS AND TAPE -
co 26y SKIP FILE -
[of0] -
ch 1 =1le ADMNSTR FILE -
(o] =2+ SN CONS FILE -
cD =3¢ INTQUANT FILE -
co zwe GEQ OISTY FILE -
co =5¢ MIX DATA -
co 26e GRP FLUX FILE. REGULAR (GRP FLXS) -
co 27¢ GRP FLUX FILEe ADJOINT (ADJ FLXS}) -
co =By MULTIGRP FILE.REFERENCE (MULTIGRP) -
cD =G%e MULTIGRP FILEe PENTURHED (PEHTHMIGP) -
cD =)0+ ZONEDENS FLE -
cD =1le ETX INPT FILE -
co =|lde 00X INPY FILE -
co =13+ AN]1 INPT FILE -
(o] 214y DOT INPY FILE -
co =1Se CLB INPT FILE -
co z)l&s DAC INPY FILE -
LoD e T T N L LT T T T P i S gy
CEOF

c.........d"......&’..CQ...............O."3....0...9...‘.0......“.....
-

c

cF ADMNSTR FILE -
CE ABMINISTRATION AND CONTROL LATA -
[ -

c................'...'...........C.......C.....'..O?90.................0

o= - -

[of - - araews

cr ADMINISTRATION AND CONTROL OAYA

[ -
L (1011)e52148) {AO)s IAlle [AOZ2e 1AO3+ JAOGe [GEe [2M. -
CL iKe NI KMe ]1BKs JEVTe Eve EVMe £EPSTEMPLTEMP2, -
cL TEMPITEMPLsTEUFSe [801e 1802¢ 1803¢ l804s 1505« 1806» NO7. -
cL TFATe SO0} MTe MOle MCKRe NSFe 12« JZe K2y 1502y -
cL S04, {GMe N0be 005« JGUV7: 005¢ GO06s ALALe ALAM: PODe -
cL EPSA. NFAC -
[ -
co 10 FOENTIFICATION aND TITLE. BAS -
co 1A01 VIMENSION le 2¢ OUR 2 -
[ofs) JAll TYPEe. O%DIFFUSION THEORYs IxTRHANSPORT THENRY o
co 1402 fHEOKMY e O3REGULARs 1zADJOINT -
co 1403 SYWCATTEMINGs 02]SOIRVFICe NzQROER OF -
co AN]SUTROPIC -
€0 1204 ORUER OF SN APPROATMAT[ON -
D IGE . GEUMETHY, OFUNDAMENTAL MUDE -
L1 12)1-0 SLAW (X} -
o 2zl-0 CYL (R} -
(oY) 121 =D SPHERE (®) -
o 6x2=D SLABIRWY) -
o 1=2«C CYLtRO) -
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Co

co

12M
™
JN
KM
18K

1EVT

EV

EVM

EPS

TEMPLls TEMPS
1801

1802
1803
1804
1805
1806
MOT

1FXY
sal
M7
Hol
uCR

MSF
¥4
37
¥ 4

Az=2=-D CYL(RJTHEA)
=2+ HEX (M)
11=3=~D SLAB!X9Yel)
12=3=D CYL{(RsTHETA+2)
13=3-D HEX(HeZ)
NUMBER Of ZONES
NUMBER OF FIRST DIMENSION INTERVALS
NUMBER OF SECOND DIMENSION INTERVALS
NUMBER OF THIRD ODIMENSION INTERVALS
NUMBER OF BUCRKRLING SETS
=09 NONE
=+le ZONE DEPENDENT ONLY
==1+ INDEPEMDENT OF ZONE AND GROUP
=+ IGMes ZONE AND GROUP DEPENDENT
==«1GMs GROUUP DEPENDENT ONLY
EIGENYALUE TYPE., U= SOURCE CALCULATION
1= n=-EFFECTIVE CALCULATION
2= ALPHA CALCULATION
3z CONCENTRATION CALCULATION
4= Z0NE WIDTH CALCULATION
S= BUCKL ING SEARCH
67 OUTER RADIUS SEARCH
INITIAL EL1GENVALUE JSUESS
L IGENVALUE MODIFIES
CONVERGENCE CRITEFRION
UNDEF INED
LEFT BOUNDARY CONDITION
=}= FLUX VANISHES AT BOUNDARY
0= VACUUM
1= REFLECTJVE
2= PERIODIC
3z WHITE
@z GRAY
RIGAT BOUNDARY CONDITION. SAME OPTYTIONS AS 1861~
TOP BOUNDARY CONDITION. SAME OPTIONS AS 1801 -
SO0TTOM BOUNDARY CONDITION. SAME QPTIONS AS 1801~
FRONT BOUNDARY CONDITION. SAME UPTIONS AS 1801~
BACK BOUNDARY CCNDITION. SANE OPTIONS AS 1R01
FLUX INPUT OPTIONS.
=l= N FLUR GUESS
0= A VALUE FOR EACH GROUPs X(G)s WHICH
REPRESENTS THAT GROUP IN EVERY INTER-
VALe J.Ese FLUXIOOI o JoK)IZX(G),
1= A VALUE FOR EACH INTERVAL+ IN BLOCKS
HY GROUPs £ACH BLOCK IM®JUMeKM LONG
Ie€av FLUXKIGII#JoK)ZX(GrIvJeK),
2z A VALUE FOR EACH GRDUPs X{G)e FOL=-
LOWED BY A BLOCK CF VALUES. ONE FOR
EACH INTERVALs Y{(IsJeX)e JeEao
FLUX{Ge I e Jo I)SX(G)Y(I4JeK),
3z A VALUE FOR EACH GROUPs X{(G)e A VALUE
FOR EACH 1ST DIM. INTERVALe Y(}}, &
VALUE FOR EACH 2NHD DIM, INTERVAL: Z(J)~-
AND A VALUE FOR EACH 3RD OIM. INTERVAL:
WK} e JeEus FLUX(GeleJoK)= -
AGIOY(I)*Z ()™ iK), -
6= ENTEWN COMPLETE RESTART FOR CONTINUA- -
TIGN OF PROBLEM NROM STANDARD FlifS. -~
S= EXTRACT FLURES FROM THE STANDARD FILE.-
USE NEGAYIVE SOURCE CHECK » (=NO« 1zYES -
SOURCE NURMAL i2ATION FALCTUR
TOTAL NHUMBER OF HATERIALS INCLUDING MIXTURES
NUMBER OF MATERIAL SPRECIFICATIONS
NUMBER OF ISOTOPES FOR WHiCH CROSS SECTIONS
ARE INPUT FRUM CARDS.
SAHE AS MCHe BUT INPUT FROM STANDARD FILE
NUMNBER OF FINST DIMENSION ZONE MODIF IEKRS
NUNBER i SECOND OIMENSIOWN 2ZONE MOOIFIERS
NUMUER OF THIRD DINENSION ZONE MQOIFJERS



co 1s02 PARAMETRIC EIGENVALUE TYPE FOR SEARCH CALCS

c 0= NONE -
cD 1= K=EFFECTIVE FOR OFF=CRITICAL SYSTEM -
cD WHERE S03= K-EFF -
¢D 2= ALPHA FOR OFF=-CRITICAL SYSTEM -
b WHERE SO03=ALPHA -
cD so3 PARAMETRIC FEIGENVALUE -
cD 1GM NUMBER OF ENERGY GROUPS -
()] MO6 SOQURCE INPUT OFTIONS -
cD 0= A VALUE FOR EACH GROUP, X(G)o wHICH -
cD WILL BE USED IN ALL INTERVALSs I.E.» -
cD Q(LeTodsK)= X(G) -
()] 1= A VALUE FOR EACH INTERVALs IN BLOCKS -
(o)) BY GROUPy TACH BLOCK IM#MsKMs LONGs -
co IsEey Q(GoIo oK)= X(GoleJeK) -
cD 2= A VALUE FOR EACH GROUPs X’/G)s FOLLOWED =
cD BY A BLOCK OF VALUESs ONE FOR EACH -
co INTERVALs Y(IoJoK)s IeEer -
cD QO IodeK) s XI(GI#Y{IeJoK) -
()] 3= A VALUE FOR EACH GROUPs X(G)e A VALUE -
(os} FOR FACH 15T DIM. INTERVALs Y(I)y A -
co VALUE FOR EACH 2ND DIM, INTERVALe Z(J)y =
co AND A VALUE FOR EACH 3RD DIMe INTERVALy =
()] WiK) s IekEes @(GoloJeK)= -
(o)] X{G)#Y (1) *Z2(J)#W(K) -
()] 4= RIGHY (NORMAL TO 1IST DIM.) BOUNDARY -
cD SOURCE -
()] 5= TOP (NORMAL TO 2ND DIM.) BOUNDARY -
ch SOURCE -
co 6= FRONT (NORMAL 70 3RD DIM,) BOUNDARY -
()] SOURCE -
(o])] 1505 MAXIMUM NUMBER OF OUTER ITERATIONS -
cD 1607 MAXIMUM NUMBER OF INNER ITERATIONS PER GROUP -
cD G0S USE NEUTRON BALANCE TEST = 0=NOs GOS=LIMIT -
cD FOR TEST ) -
cD G606 USE INNER POINTWISE FLUX TEST = O—NOo G06= -
()] LIMIT FOR TFST -
cD ALAL LOWER LIMIT ON LAMBDA -
cD ALAH UPPER LIMIT ON LAMBDA -
cD POD NEW PARAMETER MODIFIER (OR PARAMETER OSCILLATION
cD DAMPER)
()] EPSA CONVERGENCE PRECISION USED IN CRITICALITY -
cD SEARCHES -
co XPAC EXTRAPOLATION FACTDR -
C
CEQF

CHRRAA RGN R RGBSR ECHGNR RIS R ARG SRR B ERRS SRS S SR IS USRI RRGRIS

c -
CF SN CONS FILE - -
Ce SN CONSTANTS -
c -

CERRLA R AR AR AR AR AR AR LGN RARGLARARGRGROORRGRGRRRGRORGtaaddROtOOORORIORLE

(o -
CR RECORD CONTROL READ [F IREAU(2).EQ.3 -
c -
CL IRD(J)s J=193 -
(o -
cd IRD(JY) READ RECORD J FROM CARDS = 1= YESe 0=NO -
C -
c am
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(rocnena L T e ettt ey D D D T D T O S -

CR MU DIRECTIONS READ JF IRD(1).EQ.1] -
c -
cL M7(M)y MzloMM -
C -
co M7 MU DIRECTIONS -
co LM NUMBER OF ODTIWECTIONS -
C -
C-——-n--- ----------------- N S D S D D TR D D D T A e P I D G D W
Covman ececreceoee- rovcernne —e——- B el LT TP R,
< -
CR ETA DIRECTIONS KEAD IF RDI(2),.,EQ,.1 -
C -
CcL NG (M)e M=] oMM -
C -
co MS ETA DIRECTIONS -
C -
(rocrncconvaceranns - W - TE e W N - W - - - - L Y L N L T
Lo R el R el el T T TP e
CR WEIGHTS READ IF RD{3).EQ.] -
C -
cL WO(M)e M=] MM -
[ -
cb w0 wE IGHTS -
C -
Crrmrumcncnencrocurccernereccarcerrrrereernr e e T s er sttt et TR e ae e e
CEOF

c".‘.,...............0.....‘..2........'.......U....‘.....‘.....ﬁ....-.

C

C¥ INTGUANT FILE -
Ct INTEGRAL QUANTITIES -
C -

c....ﬂ..........l@................C................O..........C...Q.....

Coe= e eR s TR A RN e .- .-
CR RECORC CONTROL NEAD [F IREADII) ,EQ.

c

CL IRDLJY s =10

C
co IO tY) HEAD RECORD(J) FROM CAROS - 1=YESe UmNO

C

(eecarccccmrcnenctremctereerertacmert s r s e et e e S e, .-

LI I O B N B ]

(mecmccme et cene et nt e e o, ..o . a .., - e - .o mn e

CR DFRIVED CONSTANTSe READ iFf IRD(]1).EQ.1 -
C -
cL EXsEVIEVS s JCONSEVCAFLOWNOI +TSOTLOSTLETBLOs TBAY -
c -
cd €£x EFFECTIVE MULTIPLICATION FACTOR -
co £v SEARCH E]OGENVALUE -
co EvS E IGENVALUE SLOPE -
co [CON CUNVERGENCE CRITERION SATISFIED = 03YES, :3NO =
cD EvC ELGENVALUE TONVERGENCE REACMED (ON FISSION -
ce SOURCE) -
<0 FLO FLU» CONVERGENCE REACHED -
co NO1 NUMBEK OF QUTER ITERATIONS -
co S0 TOTAL NEUTHON SOURCE (INTEGRATED PHleny -
co SIOMA FISSIJN) -
[of2] TLO TOTAL NEUTRON LOSSES -
co TLE TOTAL LEARAGE -
co T8LO TOTAL BUCKLING LOSS -
co TRAB TOTAL INTERNAL BLACK ABSORPTION -
C -
C== ene -— - - -



(eecnccoanesrccncmvonnnmean cecocceemnoe

CR ZONE AVERAGED FLUXESe READ IF IRD(2).EQ.]

[of
CL ((ZF Lo D) el Zla I2ZM) o I=) 0 1GM)

c
co ZF AVERAGED FLUX BY GROUP AND 20NE

c

C-remreromamceccerccarrercerensmneasenrennane

CR 20NE VOLUMES HEAD [IF InD(J).EG.1

CcL VOL(3)elmlelZM
co voL VOLUNC OF ZONE

C- P - -

CECF

COe00000030000000008 22 0000300003000 0000000000020C000000000000000380000000

C -
C GED DISY FILE -
ceE GEOMETRY AND MATERIAL OISTRIBUY]IONS -
c -

Ce0000002000000.20 0000000000000 00000000000000000000000000000000000000008

Cn RECORD CONTROL  READ IF IREAD (a1 E0.3 -
CL 1RO (I egmten -
ED IRD (D) HEAD RECORD J FROM CARDOS = 1=YESe 9sND :
Cemmmemeammmmomcmcmcecnenemann I
Coe= - - c—- - - cn- R
CR  BCUNDARLES KEAD IF IRD(1).EQ.)

S xotire 1=leImi

cL YOld e =)o JH] NEAD IF 1A01.GE.2
CcL 20(K)e K=l AM) READ IF 1A01.€0,)

C

co 0 FIRST DIMENSION BOUNDARIES

co w0 SECOND DIMENSION ROUNDARIES

co 20 THIRD OIMENS]ON JOUNDARIES

cD M3 NUMBER OF FIRST DIMENS]ION SOUNDARIES

co Ju] NUHHER OF SECOND OIMENSION BOUNDARILS
co LC) NUMBER OF THIRD DIMENSION BCUNDARIES

C

Crecrccavensrrosrcacnnances - smmea

Cowe= -—- ccerenca ———

CcR MATERJAL NUMHERS ®EAD IF JRD(2).E0,.] -
C -
cL M2 (1) elxle]lZM -
c -
co M2 MATLRIAL NUMHERS 6Y ZUNE -
C -

Ce -~ - -

i1
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- >
- towsi=14¢001 1D
- 5
= 1°03° {7081 31 QyIN SEIBNNN XN o3
- - - cooncscancnecaan - 3
- - -—— crmcsccrvanccnvarenearaaa)
- 3
- ON30*S3Ax[ = SGHYD WOY¥4 ¢ ONCI3N Qw3n (ryouet as
e J
- st i=re(rygyl 13
- J
- €°03°(S)0v3INT 31 Qu3in TONMANOD (NOD3IY e
- - o - LT %]

S0000080N000000000R000R0PIE00R00000000000080000R000000000000000400000800)

- J
- SHIBHNN 3J40i0SI QAY vivO JuNirie Eh)
- 33 viv0 xIw 4
- J

0000000000090 00000000000090000900000000I008CGEPI00ND008000020080000000000)

3032
e O - .- ® - > e S - -~ e
- J
- 0°19°*° %81 31 *w2?l= D
- 0°17°u81 41 1= 9ul a2
- ¥81 40 3INTvA 3ILNT0SHY gk a
- dANO¥a ONV INOZ AR ONINMONA ng al
- J
- (NI I=1¢ (O] L=xe (I*)) %B)) 1
- J
- 0*3N*NGI*ONY*1°03° (2)0N]1 I Cv3iy N1 INONA ¥
. - T L o T PP L LS Py
- - T e e . e - - R D e b e G W W D G S e e - o o> S - - P D - - -----3

AVAUIUIND 28 SHIBKNY INOZ (V] q2

1°03°(€)0ad1 31 Qw3 SH3IEWNN 3NOZ -]

B RS R cecmemonn— ————— 3

- (WBS [=Me (RIS 1= (WI* LT (NM e 1IOW) b

44



Corrcrrmmcccccacccrcarr = rer e racrrr e e e rrrr et e e e e . e h .- .o
CR ISOTOPE NUMBERS  REAU IF IRD(@),EQD.]
<

cL ISQID{I) e 1=1 oML

C
co 1s0I10 NUCLIDE NUMBERS ON MULTIGROUP FILE R

co NUCLI10E SEQUENCE NUMBERS ON ETOX LIBRARY
co NL MLEMCR e MSF
C

Comencccerneavacesaneaes -

CEOF

c....o.GGQ.......................d.....'.....o.'............G........QQ.
-

C

CF GRP FLXS FILE -
ceE REGUL AR TOTAL FLUXESs CURRENTSe AND ANGULAR FLUAES -
c -

C000E000O0OROOQREPOORICtRRROtO0O0000BR0000U00000U0S0RCRERARGORGYIENIRRRIOOES

[ -

CR RECORD CONTROL READ IF lHEAD(6).,EQ,.] -
C -
cL IRD{JYeIx]e3 -
C -
co IRD (W) READ RECOKRG A = I=YESe O03NC -
c -
[ - - -

c J—

CR FLUX GUESS -
Cc -
cL XtWYel=lolGM KEAD IF MOT.,EUW.0Q OR MOT.EQ.2 OR MO7.ED,3 -
CcL (Y (TeJoK)alnlaIM)oedm] e M) «Xx] oKM) READ 1IF MOT.ED.2 -
cL Y{Idel=delM READ JIF MOT7,EQ.) -
cL ZtJ) e Jsl o JiE KEAD [IF MO7.EC.3 AND IAOl.GE,.2 -
cL WIK) oKE] oM NEAD IF MO07,EQ.3 AND [ACl.EG.] -
c -
c - cotemna - - -
Ceeececonresceccnceacacen - .

CR TOTAL FLUX HEAD IF IRD{1)€Qel o ANDMOT.ED.S -
c -
cL (PN (Tol) oI IM) oL=L+ IGH) READ IF J40).E8.]) -
(o -
Cc DO N L=1,IGMN -
c DO N A<]oKi -
CL N REBDIN) ((PHE(JeJ)el=lolM)edx]e H) KEAU IF JAOl.GE.2 -
C -
co PH]} TOTAL FLUX BY GROUP AND INTERVAL -
[ -
C= ~w e - - con o=

= - o

CcR CURRENT READ IF IRD(2).EQe]oANDs (LAY EQ0.0R,(1A)).EQ,~
CR 1oANDGJABIEQe]) Y cANDONOT E8.S -
Cc -
cL ((X(JeldelxdlaIu)oel=leiCM) READ If 1A01,.F0Q,1 -
[ -
C 00 N Mzle]AOL -
C 00 M L=le.1GM -
C GO N Xzl.uM -
CL N READC(N)Y ((X63s0)el=lolMd) sl M) REAC 1F 1A01,LE.2 -
C -
(dy] X VECTOR CumkfFNT Ay COMPONENT« GHOUPe AND -
co INTERVAL -
C -

(mronrssasvsacsicoccntcasnanaanr
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(o ] bt T L L L L Tl 2 T LY - oo -

CR ANGULAR FLUX READ IF 1RD(3).EQ.) AND JAll.EQ,).AND.MO7.E@®.5

C -
C DO N L=1,IGM -
C DO N K=l MM -
o DO N J=1lsJM -
CL N READIN) ((AFIMsl)eM=1oMM)oi=141M) -
C -
co AF ANGULAR FLUX AT MESH CENTERS BY GROUP, INTERVAL,
co AND DIRECTION -
[« -
Covmncnancaa - P - .- - - - - - - == -
CEoF

COOCHRREBNC0NB0OCREERELEETONOOEROONEINNNOEREOOEORONORTRNNOIGONEETRRNNSS

C

CF ADJ FLXS FILE -
CE ADJOINT TOTAL FLUXESes CURRENTSs AN ANGULAR FLUXES -
c -

CeOEENescesitetenNteesetiorttodactiontataatttototisoRoctastenNceacssedrause

Cememcccccrenmcccrrreaaca=

CR RECORD CONTROL READ IF IREAD(7).EQ.3 -
C -
CL IRD (U e U=1 e 3 -
C -
co IRD(Y) xEAD RECOKD J = 1=YESs 0=NO -
C -

Cremmmccccrenecenenn

Croorvan= -

C
cc ADJOINT GRP FLUX FILE OTHERWISE HAS THE SAMt STRUCTURE AS THE

cC REGULAR GRP FLUX FILE.
C

Creesmomcmncccnanenen=

CEOF

LD DT T S T L]

C.......Ql...'....'.....OQQ...C..Q...QQ.Q...QQ....'..Q".Q..."Q...Q'...

C -
CF MULTIGRP FILE -
CE MULTIGROUP CROSS~SECTION FILE

(o

CeReEeeTlTRecesetdidodiadit aeRatvordadacsddatitatattasntioRadssdaattanass

Cee ——a- coccew= ccmee= - - -
cs FILE STRUCTURE -
cs -
cs FILE NAME -
cs RECORN CONTHOL -
cS DIMENSIONS -
cs I1SOTOPE NUMBERS -
cs FISSION ISNTOPES -
Cs AN SOTROPIC ISOTUPES -
s 1SOTOPE NAMES -
cS GROUP STRUCTUREL -
Ccs DFLAYED NEUTRON DECAY FACTORS -
€S DELAYED SPECTRUM -



CS sevssvuee (REPEAT FUR NIR ISOTOPES)

cs . ISOTOPE HEADING -
cs . ISOTOPE F1SSION SPECTRUM -
cs . DELAYED NEUTRON ABUNDANCES -
cs *  wses® (REPEAT NTAB TIMES FOR ANISOTROPIC 1SOTUPES) -
cs . e PRINCIPAL CROSS=SECT]IONS -
cs . . INELASTIC CROSS=SECTIONS -
cs . ELASTIC CROSS=-SECTIONS -
cs *  osesnasaN2N CROSS=SECTIONS -
cs . FACTORS LN{(SIGMAPO)/LN(10) FOR BONDARENKO XS -
cs . BONDARENKO TEMPEKATURES -
cs . BONDARENKO SELF=SHIELDING FACTORS -
gs seseeesuBONDARENKO CROSS=SECTIONS -
Cee c—ememeo—co—e - . .- -—
[ P P - -

gn FILE NAME ALNAYS READ -
cL ANAME (11512149 -
c

go ANAME VDESCRIPTIUN OF CROSS=SECTION SETs 9A6 -
C--------------------------- -------—--—-----------------:
(roveronrrrocsncnec e s s r e e et re - —n-——e--———— - . -
ER RECORD CONTRGL ALWAYS READ -
CL  IRDIJIsJ=lel? -
c

go IRD I READ RECORD J = 1=YES» 0=NO -
c------u--------—------— S - -----------g---------—-.-----.-:
c- - P L > - ceenoaee - -
CR FILE DIMENSIONS AND CUNTROLS ALWAYS READ -
C -
cL NIRs NGS3 NDGS5s NTABe NINTs NTEMe IHMs IHTs IHSs INUF. -
CL IABSe ITOTe IFISe IN2Ne INGsy INAv INPs IND» INT» ING] -
C -
cD NIR NUMBER OF ISOTOPES -
co NGS NUMBER OF PROMPT GROUPS -
cD NDGS NUMBER OF DELAYED GROUPS -
co NTAB NUMBER OF SCATTERING TABLES GIVEN FOR -
co ANISOTROPIC ISOTOPES -
co NINT NUMBER OF SIGMAPD FACTORS AT WHICH BONDARENKO -
cD SELF=SHIELDING FACTORS ARE GIVEN -
cD NTEM NUMBER OF TEMPERATURES AT WHICH BONDARENKO -
co SELF=5HIELDING FACTORS ARE GIVEN -
co IHM PRINCIPAL CROSS-SECTION TABLE LENGTH -
cp THT POSITION UF TRANSPORT CRUSS=-SECTION -
co 1HS POSITION OF IN-GROUP SCATTERING CROSS=-SECTION =
c0 INUF POSITION OF NU-FISSION CROSS-SECTION -
cD 1A8S POSITION OF AHSORPTION CROSS=SECTION -
co 1ToT POSITION OF TOTAL CROSS=-SECTION -
€D IFIs #OSITION OF FISSJON CROSS=SECTION -
cD IN2W POSITION OF N2N CRO35-SECTION -
co ING POSITION OF M-GAMMA CROSS-SECTION -
c0 INA POSITION OF N=ALPHA CKOSS-SECTION. -
co INP POSITION OF N=+ CROSS=SECTION e -
cD IND POSITION OF N=0 CROSS-SECTION e
cD INT POSITION OF N=T CROSS=SECTION -
€0 ING1 POSITION OF N-GAMMA TO FIRST EXCITED STATE -
co CROSS=SFCTION -
C -

Cormnomenmensmacenaaanes ———- - ——
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Cmrecmccoccacmmrmcraccser e c e rccec e rmcc e rem—— e eea——— conmcmnnance"

CR ISOTOPE NUMBERS

CcL ISNUM(I) eK=1oNIR

(o} ISNUM

CR FISSION TSOTOPF INDICATORS

CL IFIS(I)sI=19NIR

CcD IF1S

CR ANlSOTROPIC 1SOTOPE INDICATORS

ALWAYS READ

URDER NUMBER OF ISOTOPE 1 IN CUOMBINED SET UF

FILE AND CARD INPUT CROSS=SECTIONS

FISSION ISOTOPE INDICATOR.

I IS FISSIONABLE.

ALWAYS KEAD

ALWAYS kEAD

CARD INPUT ISOTOPE

c -
CL TANT (T)aI=1eNIR -
c -
CcD TIANT AN1SOTROPIC ISOTOPE INDICATOR -
co NTAB PRINCIPAL CROSS~SECTION TABLES GIVEN FOR -
co ISOTOPE I+ 1=YESs -
c -
(ermeecreccccuncrc et reer e e e c et s et aretc et et et e et e -
c ............... - - - - - oeao. - - - - . - - - "oowoseoeoeos. ——-eo
CR 1SOTOPE NAMES READ IF IRD(1),EQ.) -
c -
CcL (I1SOID(ISO) o ISONMELISO) + TDCLISO)+IRZM(ISO) + ISO=1sNIK) -
c -
CcD IsO1D ISOTOPE ID NUMBER -
co TSONME ISOTOPE NAME tA6) -
CcD T0C TEMPERATURE (DEGREES CENTIGRADE) -
co IRZM INDEX TQO A REGIONE ZONE+ OR MATERIAL IF THIS -
CcD HAS BEEM AVERAGED OVER A SPECTRUM AND -
ch COMPOSITION FOR A PARTICULAR KEACTOR REGIONo
CcD ZONE» OR MATERIAL

c -
Crmemcmcccacan P e -

c eTecercaaeee comoane- - -

CR GROUP STRUCTURE
C

CL JFTGoIDBF o (E(T) o I=1oNGSI) o (U(T) o I=1eNGSL)eRVII) e I=1eNGS)

Cemvececaconc= cmeecrsem e Dy cemremccn

READ 1F TRD(2).Eual

(UINGS}))

108F=0,
108F=1i»

OF GROUP I USED IN

1S

v 8 8

CcL (EBAR (1) o 1=1sNGS) s (SEPCIIY e I=19NGS)

C

cD JFTG OGROUP NUMBER OF FIRST THERMAL GROUP

co 168F DETAILED BALANCE FACTOR INDICATOR.

cD UP=SCATTERING ELEMENTS ARE GIVEN,

(o} COMPUTE UP-SCATTERING ELEMENTS FROM

cD DETAILEDN BALANCE

(o] £cn UPPER ENEWKGY LIMIT (EV) UF GROUP .

ch (E(NGS1) IS LOWER ENERGY BUUND UF GROUP NGS
co ueh LOWER LETHARGY LIMIY OF GrOUP I,

chD UPPER LETHARGY LIMIT UF GROUP NOGS)

co RV (D) AVERAGED WECIPROCAL VELOCITY FOR GRUUP ]

(o} EBAR(I) CHARACTERISTIC ENERGY (EV)

€0 CONJUNCTION wITH POINT=POINT MATRICES

cD SEPC(I) AVERAGED FISSION SPECTRUM FNR CROSS~SECTION SET-
(o} NGS1 NGSe+1}

C




Ceercmrnncancrcrercrsrerronreretee T eeneraenenrermee .-

CR DELAYED NEUTRON DECAY CONSTANTS READ IF 1RD(3).Ew.]

CR
C

CL DONDC (N} sN=1 +NDGS

C
CcD ONDT
C

(rrncccvscacvsacctccsnssrrcnoncar scamee

Coecmmrcocereeseccercnarmraemsrerenene cecame

CR DELAYED NEUTRON SPECTRUM READ IF IRD(®).EN,) AND NDGSeNE.O

C
CcL (CCHIDN(NeL2oN=) +NGS) oL =1 +NDGS)

C
co CHIDN
co
c

AND NUGS.NELO

DELAYED NEUTRON DECAY CONSTANTS

DELAYED NEUTRON YIELDS BY PROMPT GROUP AND
DELAYED GROUP

Coreccesccnanncan

(o} cocen

CR ISOTOPE HEADING

C

cL 1SOIDs ISONME.
cL TEMPGe TEMPT., TEMPBs TEMPOs TEMP1O, KBRs ICHIs LINs LEL.

cL LN2N» JSXL s

C

coD 1s010
cD ISONHE
coD 70C
co IRZM
co

co

co

co 124s
co

co

co AWR
co

co EFIS
co ECAP
co DCA
co TEMP6.TEMP]O
co KBR
co

co

co

co

cn

co

CcD 1enl
co

co

cD

co

co LN
co

co

co

<o LEL
cD

cD LN2N
co

co JSXL
cD

co JSXH
cc

co JDNL
co

READ IF IRD(S).EQ.!

TUCs [IRZM» 1ZAS, AWRe EFISey ECAPe DCAs
JSXHs  JONL JONHe: NBINTe NBTEM

1SQTOPE NUMBER
ISOTOPE NAME (A6)
TEMPERATURE (UEGREES CENTIGRADE)
INDEX TO REGIONe ZONEs ON MATERIAL IF THIS DATA=
HAS BEEN AVERAGED OVER A SPECTRUM AND -
COMPOSITION FOR A PARTICULAR NEACTOR REGION-
ZONEs OP MATERIAL
INTEGER Z+A« STATE NUMBER. lZASSlOOOO°Z'IOOA0$-
WHERE Zx ATON]C NUMBER: Az ATUOMIC WEIGHTy =
AND S= FINAL STATE NUMBER (0= GROUND STATE)~
RATIO OF ISOTUPE ATOMIC WEIGHT TO THAT OF A
NEUTRON
FISSION ENERGY (WATT SECONDS PER FISSION)
CAPTURE ENERGY (WATT SECONDS PER CAPTURE)
DECAY CONSTANT FOR ISOTOPE (PER SECOND)
UNDEF INED
MATERIAL TYE FLAG
0=UNDEF IRED
1zFISSILE
2sFERTILE
3=0THER HEAVY MATERIAL
4=STRUCTURAL
S=FISSION PRODUCT
FISSION FLAG FOR 1SOTORE
=1=F ISSJONABLEs USE SET CHIS
0=NONF ISSIONABLE
NGS=INCIDENT ENERBY OEPENDENT
1=NOT INCIDENT ENERGY DEPENDENT
MAXINUM ORDEK OF INELASTIC SCATVERING
0=1.0NE
1=1S0TROPIC
NTAH=NUMHER OF TASBLES GIVEN
MAXINUM ORDER OF ELASTIC SCATTERING
SAME OTIONS AS LIN
MAXIMUM ORDER OF NZN SCATTERING
SAME OUPTIONS AS LIN
LOWEST GRUOUS AT wHICH SECUNDARY CROSS-SECTION
DATA GIVEN
HIGHEST GNUUP AT WhHICH SECONQARY CRUSS=SECTION
UATA OfVEN
LOWEST GRUUP AT wHICH DELAYEO NEUIRON SPECTRA
ARE GIVEN

"'llllldllll'l.ll‘lll!l..llil!l
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co JONH nIGHEST GROUP AT WHICH DLAYED NEUTRUN SPECTRA

co ARE GIVEN -
co NBINT NUMBER OF VALUES OF SIGPO AT whICH JONDARENKO -
cD SELF-SHIELDING FACTORS ARE GiVveNn -
(o) NHTEM NUMBER OF TEMPERATURES AT w=]CH BONDARENKO -
o SELF-SHIELDING FACTORS AR OIVEN -
C -

(eocncascravrscccvsacnn - - - - -

CR ISOTOPE F1ISSION SPECTRUM wEAD IF IKD(6) Ewe) AND 1F1S(1).GT,0
C

CcL (ICHTI (K ) oK=L e IF1SLI) ) e J=] eNGS) -
C -
cD LRI (K ) F15S10N SPECTRUM INCIDENT IN GROUP Xs BORN -
cD IN GROUP J -
(o -
Coccnocaan e et eee—ne e et m—ani——————————— - - - —-—-
Coweccescosnccnsencesnnnn - —————

CR DELAYED NEUTRON ABUNDANCES READ IF IRD{7).EQ.1 AND -
CR IFIS.NE.OC AND NOGS.0LT.0 -
C -
cL DNAB (1)« I=) +NDGS -
(o -
co DNAB DELAYED NEUTRON ABUNDANCES -
c -
Cacomeracuraccas cmerescwemcueeaan -

[ cvam= ———

CR PRINCIPAL CROSS=SECTIONS READ IF IHD(W) EQ.] -
C -
CcL (LXS(Toddlelxie IMM) 2 U=1loNGS) -
C -
co xS PRINCIPAL CROSS=SECTIONS. CROSS SECTIONS -
(=) OCCUPYIMG POSITIONS X3(leJ) TC XStINT=leJ) =
co INCLUSIVELY AHE SPECIHIED BY ImE POSITION -
(o)1) INDECATORS INUFe JANSe ETCes LIVEN IN THE -
co FLLE DIMENSIONS AND CUNTHROLS RECORD. -
[&7) POSETIONS ASIINS+J) TU XS(IMMeJ) ARE -
cp OCCUPIED HY CROSS-SECTIONS FOR SCATTERING -~
cD FROM GROUP X TO GROUP Je¢ WITH KxJeJ=leeeer =
co JeNDNRESPECTIVELYy wnERE NON IS THE TOTAL -
co NUMBEN OF ALLOWED DOWNSCATTERING YERMS, -
co 1F NO UPSCATTER CROSS-SECTIONS ARE PRESFNTs«
co I1pCs 3a¥el, UPSCATTEN CROSS«SECTIONS -
co Kz JoNUPsJoNUF=leeuerdel OCCUPY POSITIONS -
co RSUInTe2) TO RS{INS=)leJe HESPECTIVELY -
co AND X5 (INTeloJd) COMNTAINS THE SUN OF -
co SCATTERING CROSS-SECTIONS FROM GHOUP J TO -«
co GROUPS OF MIGHER ENEROY. NUP IS THE TOTAL -
co NUMBENR OF ALLOwWED UPSCATTER TERMS, -
c -

Crecnocancssacvoncsnassnasnnss - -

Cemeresnsvaccnccnsancnnnncnsannnens

(o] INELASTIC SCATTERING CHOSS-SECTIONS READ 1Ff JRU(9).EN.)

CL (ESLIONUP s J) o KS{JoNUP =10 J) ss e et ASTUrJ) s0u e rAS T J=NDNV L) + J=) s NGS)
C
co 15 INELASTIC SCATTEMING CROSS-SECTIONS

C

Cow - - L L e g Y X T P S N




CR ELASTIC SCATTERING CRUSS~SECTIONS READ [F TRD(10).EN,] -
C -
C LIST 3aME AS FOR INELASTIC CROSS-SECTIONS -
C -
Ce= cow - - - -

C cweoaw * - -

Cr N2N SCATTERING CROSS=SECT]ONS READ 1F 1ND(11).EQ.1 -
(o -
C LIST SAME A% FOR INELASTIC CwOSS~-SECTIONS -
C -
L= oo -

c -

CR SI1GMAPO FACTORS FOm BOUNDARENKD CROSS=SECTIUNS -
CR wEAD JF IR0D(12) _EQ.1 AND NINY.NE.O -
C -
L A1) eI=isNINT -
(o -
co X VALUES OF LNI(SIGPO!/LNI10) FOR wWHICH BOND!RENKO-
<o CROSS=SFECTIONS ARE GIVEN

< -
C -

c cocon

CR PONDARENKD VYEMPERATURES REID IF IRDL12) .E.-l lND RTEM NE,O -
C -
cL TB(I) e I=)+NTEM

< -
co TR FEMPERATURES AT whiICH 5CNDARENKD CHUSS<SECTIONS-
co ARE GIVEN -
o -
c cmenmisccvareccnans

Coe= «n - coowee e

CR BONDA ENKD SELF=-SHILLOING FACTORNS HEAR LF JR0U12).€Eusl AND -
CR NINT.NELO AND NTEMJNE.O -
[ -
ce CIFYOTINGK ¢ J) o FCAP INe Ko ) o FP IS iNeK s J) o FTRINSK o JP oFEL INeKed) o -
cL NE]oNEINT) o X2 JNTEM! : Inl K550 -
c -
<o FTOT TUTAL SELF=-SKIELDING FACTOR FOR GuOUR Js SIGPO -
ce FACTOR Ne AND TENPERATURE N -
co FCAP CAPTURE SELF-SMIELOING FaCTOR -
co F1SSEION SELF=SHIELODING FACTOR -
co FIR TRANSPONT SFLF~SKIELDING FACTOR -
co FEL ELASTIC SELT=-SHIELOING FACTOR -
C -
c-- -— -oeow cocasee - -

Cow - een®ea seoses
CR RORDARENKD CRDSS-SECTIONS READ 1F 1iD112)EQ.1 AND MINT M E.0-
cp lND N“E"-NE o0 -
C -
cL (RSPOCII S ESENIDY 2 ASE (D) o ASHULY) + XASAT LU o ASED (I 2 03] o NOS) -
C -
o K5PO POTENTIAL SCATTERIMG -
(o 4] XSIN THLLAST]IC CROSS-SECTIUN -
cn xSE ELASTIC CRUSS-SECTIun -
co RSNY SVLRAGE CUSTNE OF SCATIERING ANGLL -
co kSl AVEYaGE ELASTIC SCATTe=IMNG LE THARGY [NCREMENT o
co KSED LLASTIC SUaNSCATIEMING To A0JACENT GR0UP -
C -
c-- —-——e - EX I T LR PR PR LT Y DY L L PP Y Y R N T Y XY T TN TN Y S PR
CEOF
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c.......'(......e.......v.0...Ou...........0........0.....‘.............

[

CF PFRINMTGP FILE -
Ce PFRTURHED WULTIGRF FILE -
c -

C....Q..O..........O..i.ﬂ.0.000.0i"........OOOQOOG.....0.....0000000...

Coeomam crmmecnan B crrcmsrraccs e c—- . e
C -
C SAME STRUCTURE AS MULTIGHZ FilLE. -
c -

(000200000000 0500030000007000002053000000000000000033000000C000000000000

CF ZONEDENS FILE -
C -

(0000000000000 0000000000000LR0OINRCRROLO0R000000C0000300000000000000000000

CR  ATOM DENSITIFS -
C -
cL CCADEN T ed) oIz ] oMLY U=l I2M) -
C -
cD ADEN ATUW DENSITIES 8Y I1SUTOPE AND ZONE -
cD ML MLERCRoMSE -
C -
(ocrmronns reccvcan= ceaceneeosee ,rraveccensareccanreecea cetrasecsaccssnsetees
CEQF

CO00E0004 100008000005 00000000000000000000800000" 2000000000000 03800000000

C -
CF ETx INPT -
ce ETOx CODE-UEPENDENT INPUT DATA FILE -
c -

(0020003002080 0R8030L5000000000000000500005300000020000000008000000R0R000

c PR . -~ . - -
CcR RECORD CONTRUL -
C -
C< 2EAD IF IwEAD{LL) £0.3 -
C -
CcL LISt adsl e ) -
< -
co D) READ AECORD o FROM CANDS (1/0=YES/NGY, IF IREAD{}1)~-
<o «E0Qls ALL THE [RUUJ) ANE SET IHTERNALLY TO i, If -
co IFEADCLEL) 1S EUUAL TO 2 OW ws OMIT ALL CAKRD INPUT -
0 Fam TmE ETX NPT FILE, -
cD IQEADLI]) SEE CARD INPUT FILE CONTROLS -
C -

Cemcmcccccccrenas cracare et et et e e e e e e e e ettt eSS Y S me



c ——— ——— - ———— -

CR DATA COMMON TO ALL [SOTOPES TO BE PROCESSED
cC READ IF IRD(1).EQ.!
CcL NISO« IDTAP«NGsLNS

cL (EG(I)e1I=1eNGI) READ IF NISO.GT.0

(o]
LI N R A NN N BN BN BN BN A ]

C

cD NISO TOTAL NUMutEk OF 1SOTOPES TO BE PROCESSED. ISOTOPES MUST
cD BF. PROCESSED IN THE SAME RELATIVE ORDER AS THEY OCCUR

CcD ON THE ENDF/B TAPE.

co 1DTAP ENOF/8 DATA TAPE J.0. NUMBER (IDTAP.GE.1<AND.IDTAP,LE,

co 9999), ENDF/B DATA TAPE MUST RE MODE 1 (STANDARD BINARY)=
Cco AND MUST Bt ASSIGNED TO LCGGICAL UNIT TAPE48. -
co NG NUMBER OF ENERGY GRUUPS OF OUTPUT CHROSS SECTIONS (NG+GE.S=
Cco +ANGNGoLE«9Y)e IF AN ETOX LIBRARY [S TO BE UPDATEDs NG =
co MUST B8E THE SAME AS THAT FOR ISOTOPES ALREADY IN THE -
cD LIBRARY, -
Cco LNS NUMBER OF DOWNSCATTERING GRQUPS (INCLUDING SELF=-SCATTER) =
Ccb OF QUTPUT CnOSS SECTIONS (LNS5.GE.J)+AND,LNS.LE.NG)s IF -
co AN ETOX LIBRARY IS TO BE UPDATEDe LNS MUST BE THE SAMF -
ce AS THAT FOR ISOTOPES ALREADY IN THE LIBRARY, -
<o EGLY) GROUP ROUNDARIES (EV) BEGINNING wITH LOWEST ENERGY, -
co €E6U(1)1=0 IS NOT ALLOWED. -
cb NG) = NGe) -
[ o -
c

cn -

CR ISOTOPE=DEPENUDENT DATA

C

cC READ IF NISO.GT.04AND1RD(2) JEL.]

c

cc D0 S N=1+N1SO

c

cL (DESCRI(I) o I=1e12) o NAMET+MAT] Y oNTEMF NS IGOsLNG

c

CL S EMAXFF+EMINFFoEMNIEF ¢CFF«DELMAX s DELUMX ¢ ANFMEDVEPSy {TT(I) 0 I=10
cL NTEMP; ¢ (SIGO{1) +I=1eNSIGO)

LI R I I IO O I T I I I I I I A |

Cco DESCRIID) TITLE (TWELVE 6-CHARACTER WORDLS)

cD NAME [ 1SOTOPE NAME (ONE 6=CHARACTER WURD)

co MAT11 ENDF /78 1SUTOPE 1.Ne NUMBER (MATI1.GE«]1+ANDMAT]],

chn LE.999Y) .

co NTEMP NUMBER OF TEMPEMATURES AT wHICH SELF-SHIELDING

co FACTORS Akt TO BE CALCULATED (NTEMP.EQ.I.OR,NTEMP.EQ
co «3)e

co NSIGO NUMBER UF ®SJGMA ZERO® VALUES AT WHICH SELF=-SHIELDING-
cb FACTORS ARE TO bE CALCULATED (NSIGD.GEWl+AND.NS1GO, =
cd LE.6)» -
<o LN6 170=CALCULATE AND PRINT FISSIUN FRACTIONS/NO -
cp EMAXFF MAX IMUM ENERGY (EV) FOR SELF~SHIELDING FACTOR -
co CALCULATIONS (EMAXFF.GE.0). -
cb EMINFF MINIMUM ENERGY (EV) FOR SELF-SHIELDING FACTOR -
co CALCULATIONS (EMINFF.GE 2O ANDEMINFF oLESEMAXFF) o -
()] EMNIEF MINIMUM ENERGY (EV) FOR WHICH FISSION SPECTRUM IS -
co USED AS THE wEIGHTING SPECTRUM (EMNLEF.GE.2.0E+06)s -
co CFF FISSION SPECTRUM CONSTANT (EVie CFFoGEel RE+06,AND, -
co CFF.LEe240E+06. -
co DELMAX MAXIMUM LETHARGY SIZE FOR F INE GLROUPS (DELMAX.GE. -
ch 0000 eANDJDELMARGLEDG1) o -
+D DFELUMX MAXIMUM LETHARGY SIZE FOR UNKESGLVED GROUPS (DELUMX, -
co G oCe0U7ANDDELUMXLE«De25) & -
co ANFMPD NUMKER OF FINE-GROUP POINTS PER ENDF/8 SIGMA TOTAL -
co DATA PUOINTS (ANFMPD.GEWQ«S5.AND.ANFMPULE«S) . -
()] EPS ACCURACY PARAMETER FUR ROMBERG INTEGRATIUN (EPS.GF. =

cn 0,00001 ANLEPSeLELD.1)
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coD T TEMPERATURES (DEG K) FOR WHICH SELF=SHIELDING FACTORS-

cb ARE TO HE CALCULATED (TT(I)eOFE273.,ANDTT(])LEL.S000)~
ch VALUES MUST dE GIVEN IN INCREASING ORDER, -
cD S160(1) 2SIOMA ZERG® VALUES (¢gARNS) FOR WHICH SELF=-SHIE*DING =
cD FACTORS ARE TO HE CALCULAYED (SIGO(1)eGT.0)e VALUES =~
cD MUST Bt OIVEN IN INCREASING ORDER. -
e
Ceweeccmmrcecco e mccn e ae e e c e ccerrccem e et ce e e e—— e e m e e
CR ETOX LIBRARY UPDATE DATA -
C -
CcC READ IF IRD(3).EQ.) -
C -
CL NUP ¢ NUP 1 « NUPZ2 s NPRaNPK L «NPR2oNL AST -
[of -
co NUP 170=PRJDUCE AN UPDATtD LIBRARY OF ETOX CROSY SECTIONS/NO =
cD IF NuP=ls TRUSS SECTIONS FOR NISO=NUP2-~NUP]+] -
<o IS5, "PES MUST HAVE BEEN GENERATED IN THE CURRENT RUNe=
cD THE OUTPUT LI1HRARY 1S WRITTEN ON LOGICAL UNIT TAPF46.-
cD NUP] LIRARARY SEUUENCE NUMBFR OF FIRST ISUOTOPE TQO BE UPDATED., -
CcD NOT USED IF NUF=0, IF NUP=] AND NLAST=0+ SET NUPI=1. -
cD NuPe2 LIBRARY SEQUENCE NUMBFR OF LAST ISOTOPE TO SE UPDATED. -
co NOT USED If NUP=0, [IF NUP=] AND NLAST=0+ SET NUP2=NISO0. -
co NPR 170=PRINT CrOSS SECTIONS/NO. PKINT [S ALWAYS FROM -
cD LIRKARY ON LOGICAL UNIT TAPE46,

CcD NPR1 LIBRARY SEQUENCE NUMBFR OF FIRST ISOTOPE TQ BE PRINTED,

co NOT USED IF NPR=0,

co NPR2 LIBRARY SEWUENCE NUMBFR OF LAST ISOTOPE TO BE PRINTED,
cD NOT USED IF NFR=0,
cD NLAST TOTAL NuMBtk OF ISOTOPES ON THE INPUT LIBRARY. IF NLAST

cD «6T+0.AND«NUP.EQely INPUT LIBRARY MUST BE ASSIGNED TO -
co LOGICAL UNIT TAPE4L7. 1F NUP.EQsO.AND.NPR.EQLLy INPUT -
cD LIBRARY MUST BE ASSIGNED TO LOGICAL UNIT TAPE46, -
c -
Crmmmcccrmm e ca m e o e - = - - - - - 20 - = AP > - -
CEOF

c.ﬁ#ﬂ.b@##ﬂ.#bﬁ#““ﬁ##o#ﬂQG“ﬁﬁbﬁbﬂﬁibbﬁG#é“ﬂ#@#iG##0###““&“##9##56966#96#

C -
CF ODX INPY ) -
Ce 10X CODE-DEFPENDENT INPUT DATA FILE -
C -

CQQQGGGIDGQGGDQGQQGGGQGQDGGGGGGQQ##QGG#GQ#G#Gﬁﬂﬁﬁ“QG##‘GQGGQDGG#GIIG#GGQ

c e —————— o 2 g 2

CR RECORD CONTROUL

[of -
cc READ IF IREAD(12).€EQ.3 -
[of -
CcL (FRO(DN »J=1s1) -
C -
co IRD(J) READ RECORD J FROM CARDS (1/0=YES/NO). IF IREAD(12)~-
CcD «EG.1v ALL THE IKD(J) ARE SET INTERNALLY TO 1. 1IF -~
co 1R€EAD(12) 'S EGUAL TO 2 0r 49 OUMIT ALL CARD INPUT -
cb FOR THE ODX INPT FILE. -
cD 1READ(12) SFE CARD INPUT FILE CONTROLS -
C -

C------—----—-—-—-—m---n—-——---o------—--—-------——------——-------------



Corvmormcrecccccrcnrrre s e s e em e e m .-

CR TITLE AND CONTROL PARAMFTERS

C

CcC READ IF IwD(1)eENGI

C

CL (ID(I)el=101]1) «MAXT yNACMONPRT aNRCFoNIFFoMMOL sNCRINTR
CcL NFGMe TPUNeMULTY MULTZ

C

cD In(hH TITLE (ELEVEN 6=CHARACTER wORDS)

co MAXT MAXIMUM RUNNING TIYE (MINJ FOR JOB (NOT USED IF ZERO)
co NXCM NUMBER OF DOWNSCATTER GROUPS IN CROSS SECTIONS
cb NPRT 0/1/72sDELETE PRINTING OF XSEC DATA AND FLUXES(MINI PRINT)

cD sOELETE PRINTING OF INPUT XSECS IN 30NDARENKQ

cb FORMAT(M]I0L PRINT)/ZFULL PRINT(MAX] PRINT)

cD NRCF NUMBER OF MIXES USEU TN GENERATING KRESONANCE SHIELDED

cD XSECSe IF NRCFoGT.09 XSEC INPUT MUST BE IN THE

ch BONDARENKO FORMAT FROM AN ETOX LIBRARY TAPE ON LOGICAL

co UNIT TAPE46. THE NRCF MIXTURES MUST SE SPECIFIED FIRST

cD IN THE 10 TABLE (SEE MMQ]l BELOW). IF NRCF=0« XSECS ARE

co READ FROM MULTIGRP. 10 TABLE IS SPECIFIED IN MIX DATA

cD FILE.

(o NIFF NUMBER OF SPECTRUM ITFRATIONS IN THE CALCULATION OF

cD ELASTIC DOWNSCATTERING, RECOMMENDED VALUE NIFF=0,

CcD NOT USED IF NRCF=0 AND SET TO ZERO INTERNALLY IF lao2=]

cD (ADJOINT CALCULATION),

co MMO 1 LENGTH OF 10 TABLE FOR THE FIRST NRCF MIXTURES I.E,

co NUMBER OF MIXTURE SPECIFICATIONS FUOR GENERATING RESONANCE=
co SHIELDED CROSS SECTIONS (MMO1l.LE.MOl), SET MMOl=0 IF -
co NRCF=0, Mul IS SPECIFIED IN THE ADMNSTR FILE, -
co NER NUMBER OF COLLAPSED GROUPS, IF NCR.GT.IGMs NU GROUP -
cD COLLAPSING CALCULATIOM IS DONE. MULTIGRP FILE IS -
co WRITTEN ONLY IF NCRsLE.IGM, IGM IS SPECIFIED IN ADMNSTR =
cD FILE, -
ch NTR TYPE WEIGHTING FOR COLLAPSED SIGMA [RANSPORT (0/1= -
cD NORMAL IZED/RECIPROCAL) -

cb NFGM NUMBER OF COLLAPSED MATERIALS (NOT USED IF NCR,GT.IGM)
co 1PUN 0/1=PRINT COLLAPSED XSEC DATA/NO
co MULT) 0/1=MULTIGRP/PERTMTOGP TO BE READ (USED ONLY IF NRCF=0),

cD MULTZ2 0/1=MULTIGRP/PERTMTGP TO BE WRITTEN (USED ONLY IF -
cD NCReLELIGM) o -
C -
(o T T P P T L L P LT P Lt - .- - L L e L T L - - -
(recercecrcccnsacerranaeme L T
CR HUFKLING MODIFIERS -
C -
ccC READ IF (1EVT.EQe5.0Re {IBKeENe=1ANDBRK NE«Oo0))sAND,IRD(2)~
cC «EfR.1 -
C -
CcL (GAM(I)eI=1912M) -
C -
co GAM(I) BUCKLING MODIFIERS BY ZONE -
cD BK AUCKLING (SINGLE VALUE) FROM GEO DiST FILE -
con IEVTy IZMs AND IBX ARE SPECIFIED 1IN ADMNSTR FILE. -
(mrmerccacnerea= - e -~ - W O > wo an - - - - - - -
(emeccconrrnenccrccerracnemes - - - - - - - ——-- -

CR FISS]ON FRACTIONS AND VELOCITIES -
C -
cC READ IF NRCF.GTL0eANDGIRD(3) JEWL] -
C -
cL (K7{I)al=cIGMY (V/{T) 0 I=191GM) -
C -
co K7(I) FISSION F~ACTION 8Y GROUP -
cD V7L VELOCITY oY GROUP -
ch 16M NUMBER OF ENEKGY OROUPS (SPECIFIED IN ADMNSTR FILE) -
C -

Commemcerncrncacuraa B e L ST PSR L R S c~mm———— ———em—- cemacana
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(o i el LTt TR RS Sy

CR ZONF MODIF IERS

C -
cc READ IF JEVT.EUL4ANDLIRD(4) JEW.] -
C -
L (PI(T1el=)alZM) -
C -
co R ZONE WOLTF1ER FOR ZUNF 1. IF R3(1)=0e¢ wiDTH UF ZONE 1 -
co IS HELD CONSTANT, -
c -
[t R e T etttk Dt PP D P P S et - cnowe-
(o R e L L T il L L T T P R O,
CR DATA FOR ASEC GrOUP CULLAPSING -
C

cc READ IF NCR.LESIGMANU.TRD(5? ,EQ.1 -
C -
CcL (NPN(I)sI=1oNCR) o (NFP (1) eI=1oMFGM) s INZN(I) s [=1+NFGM) -
C

co NPN(I) NUMBER OF OURIGINAL GROUPS IN ITH COLLAPSED GROUP

co NFP(I1) RFFERENCE I.D. NUNBER UF ITH MATERIAL TO BE COLLAPSED
co NZN(1) ZONE NUMBER OF FLUXES TO BE JSED FOR COLLAPSING ITH
cD MATERIAL

C

[ S SpHpPRSR IS 1 (I S SOOI QR i S S, ———— - -
(o rmrr s rornr o o r P oo n = = e e — e e E e = e e oo = D= - - - . - - - -~ -
CR DATA FOR KESONANCE SHIELDING CALCULATIONS -
C -
CcC READ IF NRCF.GT+0.AND.IRD(6).FQ,.1 -
C -
CcL (NZ(X)sT=1oNRCF)« (HETC(I) o I=1oNRCF)Is (JL(I)»I=1oMMOL)» -
cL (ATEMCI) o I=1oMMOR) @ (MF (1) eI=1eMMOL) o (UT(I)el=]141GM)} -
C -
co NZ (1) ZONE NUMBER OF FLUAES TO BE USED IN ELASTIC DOWNSCATTER -
cD ITERATIONS FOR 1TH MIX -

CcD HETC(]) HETEROGENEITY CONSTANT (CM) FOR ITH MIX

co J1I) MIX COMMANDS SIMILAR TO I1 TABLE

cD ATEM(I) TEMPERATURE (DEG ) OFf NUCLIDES IN Jl TABLE

ch MF (]) 0/1=FULL/MUDERATCR DESIGNATION FOR NUCLIDES IN J1l TARLE
cD urTen LETHARGY wIDTH BY OLROUP

ch MIXTURES IN THIS RECORD REFER TO THE NRCF MIXES USEL IN

co GENERATING RESONANCE SHIELDED XSECS. SEE BNWL-954 FOR EXAMPLF
co ON HOW TO SET UP J1 TabLt.

C -
(mrmrmmecrccre e e ce e m e st r e rce e e —————— S -
(remeccemcercrmrererer e e ———— e ———— cessmcsveccccreccacaee
CR EXTRA DATA NEEDED FOR WRPITING MULTIGRF FILE AFTER -
CR GROUP COLLAPSING -
C -
cc READ IF NCR.LEJIGMsAND,IRD(7).EQ.] -
C -
CL NFAMy (ISONME (L) s AWR (T ) ¢UCACLI2EFIS(TI+ECAP (L) 4 TOC (T« [ZAS(I) -
CcL KBRII) s JCHI (1) 2 I=1eNFOM) -
c -
CL (DNDC(N) ¢N=1 o+ NF AM) READ TF NFAML.GT.O -
o -
cc 00 5 I=1+NFOM -
C : -
CcL ((CHI(Taden) o =)o 1CALII) )} oX=1sNCR) READ IF ICHI(I)«0T.0 -
c -
CL S ((DNCHItTaJoN}+U=1sNCR) sN=1sNFAM) READ IF JCHI(I)eNE.0.ANDS

cL NFAM.GT.0 -
c -
co NFAM NUMRER OF UELAYED NEUTRON FAMILIES -
ch ISONME (1) 6-~CHARALTER NAME FOR COLLAPSED ISOTOPE | -

cD AWR (1) RPATIN OF COLLAPSED ISOTGPE ATUMIC WETIGHT TO THAT OF -
cD NEULTRON



(&)] DCA(]) NECAY CONSTANT (1/SEC) FIOK COLLAPSED ISOTOPE |

co EFIS(I) FISSION ENERGY (w=StC/F1SS) FOR COLLAPSED ISUTOPE |
o ECAP (1) CAPTURE ENERGY (w~3EC/CAP) FUR CULLAPSED ISOTOPE 1
cb mnean TEMPEATU~E (UEG C) FOP COLLAPSED 1SOYOPE |

cn 17ASCI) 100022¢10%A+S whHERE Z=ATOMIC NOe ASATOMIC «Ts AND Sx

co FINAL STATE nNO (020D STATE) FOR CULLAPSED ISOTOPE 1}
co KRR (1) SMATERTAL TYPE FLAOL FOr COLLAPSED IS0TOPE |

co O/1727374/75=URNDEF INED/F ISSTLE/FERTILE/OTHER HEAVY
cD MATERIAL/STRUCTURAL/FISSYON PRODUCY

co 1ICHRI(TY  FISSIOM FLAG FOR COLLAPSED 1SOTOPE 1

co =)=F ISS5TUNABLE«USE CHI FOR SET

cD O=NONF ISSTONABLE

co . 1=F ISSTONABLE~CHTI NOT INCIDENT ENERGY DEPENDENT
co NCR=F [SSIONABLE=CHI 1S INCIDENT ENERGY DEPENDENT

€0 ONDC{N? DECAY CONSTANY (]/SEC) FOR DELAYED NEUTRDON PRECURSORS

co IN FAMILY Ny
co CHI(1eJeX) FISSTION SPECTRUM tUR ISOTOPE [ GIVEN AS THE

co FRACTEON OF FISSION NEUTRONS BURN IN GROUP K WHEN

co THE INCIDENT NEUTRON IS IN GROUP J, JF ICHI(1)=]e

co CHI 15 wWOT INCIDENT ENERGY DEFENDENT,.

co DNCHI (TsJeN) DELAYED NEUTHON SPECTRUM FOR ISDTOPE 1. GIVEN AS
co THE FRACTION UF DELAYED NEUTRONS ASSOCIATED witn

co FAMILY N WHICH ENTER GROUP Js THE SUM OF

cD ONCHI(TeJeN) OVER ALL J 1S THE YIELD FOR FAMILY Ne~-
C -
Crevrrroroonrcaveracennconrrnao.: P raser R r e S s T e A C N s AR A T s eSS r et eSS e
rFOF

CHeE Rt a sttt adtaQassQtdlionaa et NEtetaNadadcRanaacaaaataabodInes

C -
CF ANT INPT -
CtE ANISN CODE=DLPENUENT INPUY DATA FILE -
C -

(o 22X TII IS YL XL -2 L Y Y Y Y Y R Y Y Y P T I YR Y T ]

(recercvrcecerrecr e et rr e e e e et e s an

CR RECORD CONTROL -
C -
cC READ IF IREAUL(L3) J€Qe3 -
C -
CcL (IRD(J) ed=) e -
C >
cD IRD{DY READ RECORD J FROM CARDS (1/0=YES/NO)e IF IREADtII)~-
co «EGels ALL THE IRUC(J) ARE SET INTERNALLY TO 1, IfF =
CD IREAD(13) IS EWUAL TO0 2 OR 4 OMIT ALL CARD INPUT -
co FOR THE AN]I INPT FILE. -
cb IREAD (13) SEE CARD INPUT FTILE CONTROLS. -
[ -
(erormemmcmccrererrccearaencannnee ——— ————— - -
Crmmmremnm—————— c—eccammcnrcccacea—— - - -
CR CONTROL PARAMETERS -
C -
cc READ IF IrD{1)4EQL1] -
C -
CcL (TUI) 2 I=1e12) aTUS InT o IHSs IMMe 1IDF Mo IPMe 1PP e 1012 IND32 1044 IDAT2, -
CcL IFGe JFLUTFNg IPRTeDFM]L o RYF -
[ -
cD TN TITLE (TWELVE 6-CHARACTER WORDS) -
cD In PROSLEM 1D NUMBER -
ch IMT CROSS SECTION TABLE POSITION OF SIOGMA TOTAL -
cb I1KS CRNSS SECTIUN TABLE POSITION OF SELF SCATTER SIGHMA -
cb 1HM CROSS SECTIUN TAUSLE LENGTH -
cD 1DFM 170=DENSITY FACTORS USED/NO -

45
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cn 1PM IM/)/70=6NTen SHELL SOURCE BY INTERVALOGROUPy AND ANGLF/

cD IFVTs IMe 16Mo AND MO®& AxE SPFCIFIED IN THE ADMNSTR FILE.

co HY GROUP AND ANGLE ONL Y/NONE -
co [pp INTERVAL NUMBER THAT CONTAINS SHELL SOURCE IF [PM=] -
co inl 170=PRINT ANGULAR FLUX/NO -
co 1n3 N/7O=COMPUTE N ACTIVITIES BY ZONE/NO ACTIVITIES -
cD 106 170=COMruTe 18 ACTIVITIES BY INTERVAL WHERE N REFERS -
cn T 103/80 -
co fNAT2 170=€xFCUTE UIFFUSIUN SOLUTION Fuk SPECIFIED GROUPS/NC -
D IfG 170=COLLAFSE (HUSS SECTIONS/NO -
cD 1FLU 071/2=STEP MOVEL UStL WhHEN LINEAR EXTRAPOLATION YIELDS -
co NEGATIvE FLUX (MIXED MODEY7uSt L EINEAR MUDEL ONLY/ =~
cn USE STEr MODEL ONLY -
co 1IFN 1/70=USE FLUXK GUESS/FISSION GUESS. FLUX GUESS TAKEN FROM -
co GRP FLAS FILEs FISSION GUESS MUST BE ENTERED FROM -
cD CARDS, -
c6 1PRT 0/1=PRINT CrLSS SECTIONS/NO -
cD M) TRANSVERSE D IMENSION FUR VOID STREAMING CURRECTION -
co RYF NORMALLY 0e.5e EPS/nYF IS USED AS CUNVERGENCE CRITERION -
co ON SCATTERING (TUTAL AND UP) -
c -
(reecrsrcvrcscccacnmrccnnss cosecoose CP YT T Y T TP YL PP L L L L T T2 T L Ty
Comm e - e o ——— - = e s i O e e
CR FIXED SOUKCE -
c -
cC READ IF TEVT tWa0D,ANDLIRD(2)EU,I -
c -
CL ((OD(T o) e I=TeIM)sUzlsICM) READ IF MQOb,.ER.IL) -
c -
cL CLLQSIMaTed)aM=1eMMY L I=1 0 IPM)Y e J=10 1CM) READ IF IPM,uT.0 -
C -
co QDI+ ) DISTRIBUTED SULRCE FOR INTERVAL I AND GROUP J -
CcD QS (Me T J) SHELL SOUKCE FOR DIRECTION Mo INTERVAL [+ AND -
co GROUP -
cD Q0 AND GS CANNOT 80TH BE PRESENT IN THE SAME PROBLEM,. -
co MM NUMBER OF AanGULAX DIRFECTIONS. -

(o)
1]
]
[]
1]
]
[}
]
[]
]
]
[]
L4
]
'
[}
[]
]
]
1
[}
[}
[]
[]
]
]
]
]
]
]
]
]
t
[]
]
]
[}
!
]
[}
]
[]
[]
]
[]
]
[]
]
]
]
[}
i
[]
[}
t
]
[]
]
[]
]
[)
[]
[]
]
]
]
1)
§
]
[}
t
]

[ T P T L L P D DL L AL L Lt Ll R Ll L Ll Ll Lttt L L Ll LD P T -~ - -

cR FISSTION GUESS -
e READ IF IFNoEwsDsANDsIRD(3) ,EQ.] :
EL (FDID)eT=1o It -
€0 FD(I)  FISSION DENSITY 8Y INTERVAL -
S S I cmeeme R S
Cremr—eeccacceccccmmcm e ————— rereccceccccnme—en. ——mee—c—oa——— c———
cR RADIUS MODIF [ERS -
ec READ IF JEVT.EW.4,AND.IRD(4) JEG,] -
S eminat=taizm -
gD rRMIT) RADIUS MODJFIERS BY ZONE :
€D IEVT AND 1ZM ARt SPECIFIED iN THE ADMNSTR FILE. -
S oot me
C- --------------- N e - e - v W O En e an . S G R D P O . - - - - -—-
CR NEMSTTY FACTUKS -
cc READ IF TUFMeEueloAND.TRO(5) (EQL1 -
G OF (D eI=telni -
O DF(I) DENSITY FACTORS bY INTERVAL -
. m SPECIFTED In THE ADMNSTR FILE. -

o R B L T T PR c——cace—- e —cce—cc—e= ~——



(rewescvocanveean R T N B T T YRR G S R crmemmea.

CR ACTIVITY DATA

C

CC RFEAD IF I[)JobT-OoANU.IRn(ﬁ)oEQol
C

CcL (U311 eI=1eID3) s (Je(T)e]I=101D)

C

co JYM) MATERTAL NUMBERS FOk ACTIVITIES
ch Jatl) CRNSS SECTION TAWLE POSITION FOR ACTIVITIES

c

(reecreescrecccecmcccacnsrarccancecectraneresrasennsanee -

LI T I I I RN I I I

o P P L LY S e R L e L e b EL LD L L P 2L P

cb ART(D) ALBEDO BY GROUP FOR RIGHT HOUNDARY
cD ALFT(I) ALBEDO BY GROUP FOR LEFT BOUNDARY

CR DIFFUSTON MARKERS -
c -
cc READ IF JDAT2.EUs14ANDJIRD(T) 4EQLL -
¢ -
cL (IGT(I)sI=Lo IGMU) -
c -
co IGT(]) 0/1=USE TRANSPORT/0IFFUSION THEORY IN GROUP 1 -
cD 16M SPECIFIED IN ADMNSTR FILE, -
C -
Coveoconcrrcnsnccnrcncan=es e cacne s ra s m e e —— - crmcemsemre o
Cormmmccrmarce et e e e e c s ra e Rt e n e S e, -, .- ————
CR ALBEDO -
c -
cC READ IF (IBU1.EQs3.0R,IR0NLEQL3I)JANDWIRDIE? EQW] -
c -
CL (ARTUI) 9 E=1eIGM) c LALFT(I) 4 I=141GM) READ IF IB0)+EQe3.AND, -
CL IR02+.EQe3 -
CcL (ART(I) s I=1016M) READ If I8N2.EQe3sAND.IBOL(NE.] -
CL (ALFT(I)eI=)el1GM) READ IF [BU]lEQa3sAND]JH02.NEL3 -
¢ -

Cco 101, 1R02. AND 1GM SPECIFIED IN ADMMSTR Flik,

c

(omenrenccnvccncrmaacs cecemrrecvecacrrrscsreacaraee - - - com-
Commvormnrrecenmaneram e reemmaa meeerr s ma e er et n e n e, .. ————
CRrR GROUP COLLAPSING PARAMETERS -
c -
cC READ IF IFG.EW14AND,IRD(D) (EQ] -
CL ICONs THTF o IHSF » [HME « TPUNs (FOGG (1) ¢ I=1 0 IGM) -
C -
Cco 1TON 1/2=COLLAPSE MICRO CKOSS SECTIONS/MACRO (MINUS IMPLIES =~
cD CELL WEIGHTING) -
cD IMTF POSITION OF SIGMA TOTAL IN COLLAPSED CROSS SECTIONS -
cD IHSF POSITICN OF SELF-SCATTER SIGMA IN COLLAPSED CROSS -
co SECTIONS (MINUS IMPLIFS UPSCATTER REMOVAL) -
co IMMF TABLE LENGTH UF COLLAPSED CROSS SECTIONS -
co IPUN 1/0=PUNCH COLLAPSED CROSS SECTIUNS/NO -
cD FGG(I) FEW=-GROUP NUMBEK FOKr FACH MULTIGROUP -
co IGM SPECIFIED IN ADMNSTR FILE, -
c -
Covmmmmmee eme—rerteem—————— S, rmre e ———— crerrtom e re e n———————
CEOF
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(o 0aaaat Rt atdddRRddadRUINRENRRdRddORRdRRIRRRRORDRRQTHTRILANRNDRNERDRES

C -
CF DOT INPT -
CE DOT2D8 CODE-DEPENDENT INPUT DAVA FILE -
[ -

CoeaapontReaddiadddsoRdeRiuRadoaadadlRoaldaoedadd. QaoadedROcCRRScRRERREGD

c - - - -- cmea

CR RECORD CONTRUL -
C -
CcC READ IF *REAU(L%) Qo3 -
C -
CL (IRD(J) e J=116) -
C -
cD IRD (N READ RECURD J FROM CARDS (1/0=YES/NO)e [F IREAD(1l4)~
co oFGale ALL THE IRD(J) ARE SET INTERNALLY TO l. 11Ff =
cD 1ReAD(14) IS EQUAL TO 2 OR 4 UMIT ALL CARD INPUT -
co FOk THE DOT INPT FILE. -
cD IREAD(14) SFE CARD INPUT FILE CONTROLS -
C -
c-----------------------. - -
o rmcar caame oo o= = - - - = = o e e D e
CR CONTROL PARAMETERS -
C -
cC READ IF IRDt1)JEWL] -
C -
cL (10(1)2I=1el2) e A0 oF XTeIHToIHS o ITLIMOS sS04 ¢ LAFToMO04eM0641801 -
cL IR02+1B803.1804 -
C -
cD 19 TITLE (TWELVE 6~CHARACTER WORDS) -
(oo} AOI FROBLEM [+.De NUMBER -
cn v XT FLUX CALCULATION MODE -
co 0=LINEAR EQUAT]IOUNS ONLY -
o)) 1=LINEAR MODE+ KECOMPUTE NEG. SLUX -
co 2=STEP FUNCTION EQUATIONS ONLY -
cD IWT CROSS SECTION TABLE POSITION OF SIGMA TOTAL -
co IRS CROSS SECTION TABLE POSITION OF SELF SCATTER -
(oo} ITL CROSS SECTION TABLE LENGTH -
co MOS NUMBER OF REGIONWISE ACTIVITIES -
co 1SGs INITIAL INNER ITERATION MAKIMUM PER GROUP -
co TAFT FLUX MOMENT AND ANGULAR FLUX OUTPUT TRIGSER -
co 1=NO PRINT -
cD 2=PRINT -
(oo} MO4& NUMBER OF POINTWISE ACTIVITIES (M04.LEMDS) -
cD M6 DISTRIBUTEL FIXED SOURCE INPUT OFTIUNS -
cD ~1=N0 DISTRIBGUTED FIXED SOURCE INPUT -
co 0=READ ONE BLOCK CONTAINING IGM WORDS -
co 1=KEAD IGM BLOCKS EACH CONTAINING IM®)M wORDS. -
o] 2=READ TwWO BLOCKS WITH THE FIRST CONTAINING IGM -
cD wORUS AND THE SECOND IM#JM WORDS. -
co A=READ THREE BLOCKS CONTAINING IGMy IMs AND JM WORDS-
cD 4=KEAD TWO BLOCKS FOK EACH GROUP, THE- FIRST BLOCK =
co CONTAINS IM WOPDS AND THE SECOND CONTAINS UM wORDS-
chD 1R01 LFFT BOUNDAKRY CONDITION (0/1/72=VACUUM/REFLECT/PERIODICY, -
cb 1802 QIGHT 30UNUARY CONDITION (0/1/7273/74=VACUUM/REFLECT/ -
[of)] PFRIVDIC/WRITEZINPUT ROUNDARY SOURCE) -
(o)} 1803 TOP BOUNDARY CONDITION (SAME OPTIONS AS 802} -
(o)} 1RG4 AOTTOM HBOUNDARY CONDITION (0/1/273=VACUUM/REFLECT/ -
cD PERINDIC/AWALTE) -
co IGMs IMs AND Jgv SPECLFIED IN ADMNSTR FILE. -
C -
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Cr
C
cC
C
cL
C
ch
C
C
cL 1
C
CL
C
(9]
C
cL
C
cD
C
C
cL o1

C
cD

OISTRIBUTED ¢ IXED SOURCF

READ IF TEVTFQ0,ANDMOOLGE 0 ANV LRU(2) JEQ, L
(Z(G)eG=1aI0M) READ IF MOGL.EQ.O
FIXSORIGs ) =7(6) L=1e]lGM I=1eIM NESEN L

DO 1 G=ls1GM
READIN) ((FIXSON(GsIeJdalzlelM) ed=]edM) HEAD IF MO6,EQ,.1

(ZE6)oG=1eIOM) e (LAY (EsU)aI=oIM)eU=]oUM) READ IF M06,.E®,2
FIXSOR(GeIsJ)=2(G)2XY(1eJ)

(Z(GeG=1eJOM) o {(X{I)eI=1 oI o tY (J)ed=]edM) READ IF MO6,.£0.23
FIXSOR{GsToJ)=2iG)on(l)®Y ()

DO 1 G=l.1GM
READ(N) (X(GeI)ol=felM)u (Y(Gou}ed=]leIM) READ IF MOOLEQ.4

FIXSOR(GeIsJ)=X{Gel)®Y(Gr )
IEVTe IGMe IMs AND UM SPECIFLIFD IN ADMNSTR FHILE.

FIXED BOUNDARY SUURCE
READ IF (1R02+EQe%.0RIR03IEQe2) cANDSIRD (3} 4EQe
{S(I)el=191H59)

IHSS=0
[F (1B02,EG.4) IBSS=(1159+[A04/2)RJMe]GM
1F (1BO3,EQed) IHBSS=IBSSe[1S5®IM*IGM
[15=1A04® (1AQ4+4) /G
1AO0&4e IMs gMe AND {0GM SPECIFIED IN ADMNSTR FILE.
SEE GEAP=-13537 FOR OKDER OF SPECIFICATION OF S(1)es DISTRIBUTED

LI 2 R A I D I 2 IO N 2N A

AND BOUNDARY SQURCES CANNOT B80TH BE SPECIFIED IN THE SAME PRUBLEM-

- - — - -

MATERIAL NUMBERS AND TABLE POSITIUNS FOR ACTIVITY CALC
READ IF M0S.0Te0.ANDIRD(4),EQ.]

{MN(T) e I=1aM0S: o (NPOS(1) 9 I=1sM05)

MN(T) MATEXIAL NOS. FOR ACTIVITY CALCULATION

+N=ACTIVITY OF MATERIAL N COMPUTEDR IN=~

ALL INTERVALS IN WHICH N IS
PRESENT,
=N=ACTIVITY OF MATERIAL N COMPUTED
IN ALL INTERVALS.
0=ACTIVITY COMPUTED AT EVERY
INTERVAL FUR MIXTURE ASSIGNED TO
THAT INTERVAL.,
NROS{T) CR0OSS SECTION TAHBLE POSITIUNS FOR ACTIVITY
CALCULATIUN,

[ i T L s LD Ll Db Dl Rt e D e LT
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Comnmmoaenmn e rate - - - " 4 28 2 o 4

e ZONE WIDTH LEarin PARANFTERS

C -
cC READ IF TEVT.tUL0.ANDLIQ01S) EQ. ) -
c -
L (NPAD (11 e12lolM) o (HHUDLLY e IS0 el o (NAAL LYY 0 dS o dM) -
L (AMOD (D) e =102 -
C -
(o)) NRAD(I) SEELIFIES #MICH RADIAL MODIFIER IS USED IN THE -
co iNlbnRvVaAL, -
(N3] MO0 (1) RAUIAL MOUIVIERS -
cp NAXL (J) SPECIFIES wHMICH axlaL MODIFLFER I4% USED IN THE -
co INTERVAL, -
cD ANON ( J) ArlAL #ODIFIERS -
co IEVTs IMs J2e JMe AND JZ SPECIFIED IN AUMRSTR FILE. -
c -
[ e T B T T S A
Crrermcacracrm e e - - - - . ——————————————
CR DIFFUSNTON MAKRERS -
C -
ccC QEAD IF 1A11.EQ.0.,ANDIOU{I%)EU.] -
C -
CcL INDM () s l=1e]6GM) -
C -
co NNDM(T) 1=USE OIFFUSION THEQRY [N GROUP 1 -
cDh USUSE TRANSPORT THEQRY IN GROUP | -
(o) TAI)] AND IGM SPECIFIED IN AUMMSIR FILE,. -
C -
(rrecrcnmcarccccr o rnr e e r e ccac et r e e R e et et e e e et ee e e -
CEOF

CQGOGGQQQQODGD....DQOOQJDlﬂD...QO#&OO.00.9DQG&.O.GQOOQQOOI.Q.....Q.Q...Q

C -
CF Ll INPT -
CE CLUR CONE~NTPENULENT INPUT DATA FILE -
C -

C.OGOOQ.&Q.QGQQOQGCG.OQﬁoﬂﬂ9“09..#000090......‘00QO.....G.QQQC.ﬁ.QQ..IIQ

c -

Cr KECORD CONTRNL -
[o -
cc READ 1IF INEAL(]IS) LEQ.3 -
C -
L (IRD(U) v J=1907) -
C -
(o)) 1RO PEAD RECORD J FROM CARDS (1/70=YES/NO). IF -
co IREATIIID) oEO 19 ALL THE IRD(J) ARZ SET INTERNALLY -
co T0 1. LF IREALC(IS) IS EWUAL TO 2 OR us OMIT ALL -
cD INFUT FGR THME CLA INPY FILE. -
co IREAD(1IS) SEE CARD INPUT FILE CONTROLS -
c -

Coom ——— -—-
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Ck TITLE &M NEUTNONECS SELECTIUN -
c -
cC REAN IF (wDtl).EQ.1 -
C -
CcL (TITL(I a1l e20) el [MaDEL -
C -
co TITL TITLE (TwbkNTY FOUR 6-CHARACTER wORDS) -
ch LIm CPY TIuE LIMIT (M5NY FUW TRE CALCULATION -
co SEL NFUTRONICS SELECTIOn (3=CHARACTLR HOLLERLIM #ORD} -
co INZAF =NO NEUTNUNICS CALCULATIONs USE 2ONE=AVERAGED -
co FLUAES ON INTOQUANT FILE -
cob IHAIMz INFINITE MEDLIUN CALCULATION -
ch OTHERWIZE UVENUTES THE FARTICULAR FLUA HOOULE 10 BE uSED -
[o1] IN YRE FUEL CYCLL CALCULATION, INOUX s JHAN]e AND IHDOT -
co CURRENTLY avaliLabLE. -
C -
P e L LR TP PR L L D D P P e T L P L) «n--

[ L T T S L P R L e L L L Lt DL L L R L b L L L L L L L Lt L L Tl Ll
CR INFINITE MEDIUNM DAYA

c

cc NEAD IF SELGEU,IHAIMJANDIRD (21 ,EV.L

c

CcL (INFO (D)

CcL (R{l)e12)4INFDI(]))

c

co INFD(1)

co INFD (2}

co INFD {3}

co

(%3] INFD (%)

CcD

cb INFD(S)

CcD INFD (&)

co INFOL(T)

CcD INFD(8)

Cco INFD (9)

cD INFD(10)
co INFODC(L])

co ARB(1) DESIRED FLUX CUNVERGENCE

co AR(2) DESIRED SOURCE AND FISSION RATE CONVERGENCE

CcD ARLD) VALUE OF b#e2 USED FOR ALL GROUPS UNLESS INFD(7)=1
co AQ{4) NESIRED KEFF FUR SEARCH PRORLEMS

co sl GROUP-DEPENDENT Ra22

c

c-- .......... - e ah D G W e S D G O - e D S e - -------------'.a--
(ecocncraccvar= P L LT T T ereonrncocasreccccoccaneom - - D - - - -
CcR DEPLETION HISTURY AND EDITING UPTIONS

C

cC READ IF IRD(3).EQ.1

C

CL (HOLL (T «1=19)2) o (ND(I) oIz el 7)o (DDUI) oI=loi )2 LIEDTLI} 41=1.12}
C -

cD HOLL (I} DEPLETION HISTORY TITLE (TWELVE 6-CHARACTER WORDS)
co ND1) NUMBER OF CYCLES

CcD ND(2) MAX NUMBER OF OEPLETION TIME STEPS FOR FIRST CYCLE
cDo NP (3) SAME AS ND(2) BUT FUR SECOND CYCLE

(o) NP (&) SAME AS NO{3) BUT FOR ALL OTHER CYCLES

co NDI(5) NUMBER OF SURSTEPS FOR EACH DEPLETION STEP

CcD ND (&) 170=RECALCULATE FLUX AT END OF TIME STELP AND USE
cD LINtAR~AVERAGED FLUX VALUES OVER SUBSTEP

ch INTERVALS/NO

co N7 0/1=SAVE START-0F=STEP NUCLIDE DENSITIES FOR END=OF
ch CYCLE KRECUVERY/NO

Ccb ND(R) 0/71=nRENOFMALTIZE FLUR AFTER EACH SUBSTE® TG ACHIEVE
cD D=SIPED POWER LEVEL/Nu

cn ND{9) 1/70=wb TUN POwer LEVEL TO URIGINAL SPECS (SEE pD(1)
cb AN DO(B)) AFTLY EACH NEUTHONICS CALC/ZADJUST
co POwtr LEVEL TO Glve DESIREL AVENRAGE OUVER THE

cD TiME STERS (SEE DD(S)Y ANY 0LD(B))

elzlell)eCaBll)el=lct}
HEAU IF INFU(T).EQ.]

NUMBER OF ENERLY GROUPS

LIMITING NUMBEKR OF 1TERATIONS

CIGENVALUE TYPE t0/1/22KEFF /8UCKLING SEARCH/

(1/V) ABSORBER SFEARCH)

170=50LVE ADJOINT PROBLEM EACH TIME THE SPECTRUM
IS CALCULATED/NO

170=S0LVE ADJOINT PRGBLEM AT START=OQF=CYCLE/NQ

1/0=SOLVE ADJOINY PRCHLEM AT END=OF-CYCLE/NO

170=RLAD GROUP=DFPENDENT VALUES OF B3##2/N0

NJUMRER OF NUCLIDES

170=PRINT ITERATIVE DATA/ZN

170=FRINT MACRUSCOPIC CROSS SECTIONS/NO

170=PRINT MACROSCOPIC SCATYERING KERNEL/NO

llllllllllllillhlllllll
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ND(103

NP
ND{1SY

ND(13)
ND(}as)

NDE1S)

NR 1)
NDE{1T)
LTSS
no2)
20 (3)
ND{s)

DN:S)
onte)

Do«")
o 8)
DD t9)

on¢1d)
DD(11)

Dotlz)
pNe1ld)
nH(la)
pot1sS)
DOtl6)
NDI1T7)
IEDT(])

IEDT (2)
IEDT (D)

[EDT (a4}
LEDT (5}
IEDT (6)
IEDT(7)
IEDT (8)
IEDT ()

IEDT(10)
IEDT (1)

TEDT(12)}

O2130% ON LEIMITING POwEN DENSTIY (SEE LDG)) -
gyzlewminalt §F L IMIT RACRLDED -
1z2CUNTINUE #TTrDUT CHaNGE IN PROCEDURE -
22B8DJUST FONER LEVEL 10 LIMEY THE POWER DERSITY-
ITADJIUST Puwi® T #AINTAIN THE POWER DENSEITY -

O/ =L IMITYING 2uwFR DENSITY (QD(e) APPLIES YO ZONES/ -~

S LURE Y -
Grl=tImlTinG AVERALE FAPNSURE ud(9) AFPLLIES TO -
IONESZLONE CLASSES -
170=00 HEUTHONIC CaLlC FOR ENU-OF=CYCLE CONDIYTIONS/NO-
021108 ON END~UF-CYCLE EXIRAPOLAYION
2= ATRAPDLATE ON ERPOSURE
-1z A TRABILATE On CONTRDL POISON
usk XT1RAPILATE ON EACESS WrACTIVITY
f=by NOT ERTHAPOLATE
O2TIDN FOR CALCULATION OF CONVERSIUN KATIG
B=USE CA”IURE wATE IN FERTILE MATERJAL
IzUSE (N+mAMNA)] WATE IN FrkiTILE MATeRIAL
NUMBEH UF ENgrxoT GRUUPS
NJmgER OF MATEw]AL ZONES
REFERENCE (unt POwEw LEVEL {(wT) FOR FINST CYCLE
RaTIO UF THERMAL Tu FISSION ERERGY
FRACTIUN OF COnE INCLUDED IN Tkt MOLEL
LIMITING POWER DFNSITY (w/CC)e USE OF DU(&) DEPENDS=-
ON OPIIONS CHOSEN FOR ND(l1U) AND NDUIL) . -
NESIRED POWER LEVEL {(MwT) FOWK ALL CLASS 1 2ZONES -
SAME A> UU(H) nUT FOR ALL CLASS 1 AND 2 ZONES -
SUMMED. FLUL LEVEL IS ADJUSTEU TD MAINTAIN EITHER -
DD(%) Ok DD(6) e WHICHEVER REQUIRES THE HIGHEST FLULXe=
MAX TMUM EXPOSUNRE TIME (DAYS) FUR ANY CYCLE -
CORE FOwEK LEVEL (WT) FOR SFCOND ANJ SUCLEED. CYCLES~-
LIMITING AVER HEAVY METYAL EAPOSURE (MwT/METRIC TON)
TEPMINATING CYCLF
DESIRED ENU=OF~CYCLE MULYIPLICATION VACTOR
DESIKED END=-OF=CYCLLE FRACTION NEUTRUN LOSS IN
CONTROL ABSURBER
DEPLETION TIME (NAYSY FOR FINRST TIME STEP OF FIRST
CYCLE
SAME AS DD(12) BUT FOR SECOND TIME STEP
SAME AS DD(L3) HUT FOR REMAINDOER OF TIWE STEPS
SAME AS DUL{12) BUT FOR REMAINDER OF CYCLES
SAME AS LD(13) BUT FOR REMAINUER DF CYCLES
SAME AS DDDt1&4) HUT FOR REMAINDER OF CYCLES
N/0=PRENT NUCLIDE DENSITIES oY ZONE EVERY NTH
TiME STEP/NO

SAME A5 TEDT(1) AUT BY SUSZONE

N/70=PRINT GRGSS PEACTION <ATES IN IMNDIVIDUAL
NUCLIDES EVERY NTH TIME STEP/NO

N/0=PrINT REACTION RATES IN INUIVIDUAL NUCLIDES RY
ZUNE EVERY NTH TIME STEP/NU

N/70=PrINT ZONME-AVERAGE FLUR BY GROUP EVERY NTH TIME
STEP/NO

N/70=PKINT ZUNE=-AVERAGE POWE® DENSITIES EVERY NTH
TIME STEP/NOD

NZO0=PrINT DECAY ACTIVITY BY NWUCLIDE FMERY NTH
TIME STEP/NU

170=PRINT ED]J1 INFORMATION USEFUL IN DEBUGGING FOR
EACH CYCLE/NO

1/0=PRINT CROSS SECTIONS EXTRACTED FROM MULTIGRE
FILE/NO :

1/70=PRINT START-0F=CYCLE ZONE NUCLIDE UDENSITIES ‘NO

1/70=PKRINT END=UF~-CYCLE NUCLIOE DENSITVIES BY SUBZONE
/NU

F70=PRINT END=UF=CYCLE FISSILE LOADINGS/NO

- - -




Commmma S c—emoma B . cemreccesecccan

(o) ZONFE CLASS]IFJCATION DATA -
c -
cc WEAD IF ThD({s)eEUa ] -
c -
cL NZSET -
C -
CcL INFE (M) oNL IN) e NSUBZ (V) oNZCL (N) o NDPL (N« ZA(N) ¢ ZB(N) o N=1 oNZSTT} -
c -
ch N7SET NUMBER OF ZUNE SFTS., ZO0NtS IN EACH SEV RHAVE THE -
co SAME NUMBER OF SUBZONESe HELONG TO THE SAME ZONE -
co CLASSe AND ARE ALL LITHER VDEPLETING OR NONDEPLETING.~
cD NF (N) FIRST ZONE NUMHER (OF A CONSECUTIVE SET) N SET N -
co NL (N) LAST ZOME NUMBER (UF A CONSECUTIVE SET) IN SET N -
CcD NSUBZ (N) NUMBER {LE.24) OF SUBZONES IN E£ACH 20NE UF SET N. -
co IF NSUBZ(N) «GTels SUBZONE NUCLIDE CONCENTRATIONS -
co MUST BE SPECIFIED, -
co NZCL (N) 4 WMEFERENCE NUMBFR (LE.25) IOENVIFYING THE ZONE -
co CLASS. -
co NOPL (N) -1/70=20NE SET N CONTAINS NONDEPLETING/DEPLETING -
co 2ONES. CHAIN EQUATIONS ARE NOT SOLVED FOR NON= -
co DEPLETING ZONES, -
co ZA(N) FIRST wORU (6 CHARACTERS) OF ZONE CLASS NAME -
co ZR(N) SECOND wORD (6 CHARACTERS) OF ZONE CLASS NAME -
C -
Cocecnccmccersecrnracansstcnnarscns - -
c - P, - -
CR FISSION YIELD DATA -
(ot -
ccC READ IF IRD(5) eEGel -
(ot -
cL JN@®NF IPRO -
(ot -
cL (NNOF (1) ¢« I=1oUNQ) -
C -
CL (N1{J) e (YLD UL UYa1=190UNQ) 9 J=]1 e NF IPRO) -
c -
CD JNO TOTAL NUMBER OF NUCLIDES THAT PRODUCE FISSION PRODS =
co NF IPRO TOTAL NUMBER OF FISSION=-PRODUCT NUCLIDES -
co NNOF (1) REFERENCE [.De NUMBERS OF NUCLIDES THAT PRODUCE -
co FISSION PRODUCTS -
cD N1(Y) REFERENCE Ie4De NUMBER OF FISSIUN PRODUCT -
cD YLD (I+J) YIELD (PER FISSION) OF FISSION PRODUCT N1 (D) -
cD FROM FISSIONABLE NUCLIBE NNOF (1) -
C -
(reroccccana= N

I —— amvem - -

CR NUCLIDE CHAIN SPECIFICATI1UNS -
C -
cc READ IF IRD(o)eEQel -
C -
CcL NC -
(ot . -
cL (LCIN) sN=1eNC) -
(ot -
cL (CCIDCTWNI ONTYPE(ToN) o I=2a 1) e IC(I29N) 3} o N=1eNC) -
(ot -
co NC TOTAL NUMBER (GE+1.ANDLLE.100) OF CHAINS TO RBE -
co SPECIFIEDL -
<D LC(N) LENGTH OF CHAIN No CHAIN LENGTH IS NORMALLY FQUAL -
cb TO 2%NONUCIN) =1 WHERE NONUYC(N) IS THE NUMBER QF -
cD NUCLIULES [N CHAIN N, -
cD INLY ) REFERENCE 1.Ds NUMBER FOR 1TH NUCLIDE IN CHAIN N -
cD NTYPE {1 «N) TYPE UF TRANSITION FROM ITH TU (I+1)TH NUCLIDE IN -
CcD CHAIN Ne -
ch -1=0ECAY -
cn 1=TOTAL CAkTURE -
CcD 2=Ns bAMMA -
cD 3=N<ALPRHA -
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cD I1=NONUC (N) =1

co I2=11+1

4=Nyg 2N

SENg P

S8=NONDEPLETION==RESERVED rUR ONE=NUCLIDE CH"IN
1NDICATEING THE NUCLIDE CAPTURES BACK TO
ITSELF.

-3=PARTS Per 1004000 FISSIUN TREATED AS CAPTURE

1U=PaRTS PR 10004000 TOTAL CAPTURE

cc SEFCONDARY SOURCE RUUTES TO NUCLIDES MUsST 8E INDICATED FOR CORRECT-

cC CALCULATIONS., A SEPARATE CHAIN DESCRIPTIUN IS REQUIRED FOR -
cC SECONNDARY ROUTES AND SECONDARY=RUUTE CHAINS ARE FLAGGED BY -
ccC ADDING 2004000 TN ALL NUCLIVE [.De NUMBERS IN THE CHAIN, -
cC FORP A NONDEPLETING ONE-NUCLIUDF ChAINe THE CHAIN CONTAINS ONLY -
cc THE TWO ENTRIES TD(lsn) AND NTYPE(leN)=8B WITH LC(N)=2. -
c -
Commemeeax~ s ecmrerem e ——,— e ————— ——emmm———— ——————— RO, P
(o o o o e h e = e e e e e e
CR SUBZONE NUCLIDE CONCENTRATIONS -
c -
cC READ IF TkD(7)eEUQel sANDNSUBZ(N) GTW.l FOR ANY N (SEE Z0NE =
cC CLASSIFICATION DATA) . -
C -
cL IFLG+NZSET -
C -
C D0 5 N=1eNZSET -
cL READ (M) MF (N) « ML (N) READ IF IFLG.EQR.] -
CL READ (M) (NUCL (IeN) o I=1oNSUBZ(N}) READ IF IFLG.EQe} -
C DO S I=1+NSUBZ(N) -
CL 5 READIM) (IB(JeToNIoC(JeleN) o I=TaNUCL(LIsN)) READ It IFLG.E®.1 =~
C -
cD IFLG 1/0=PxUCEED WITA REMAINDER OF INPUT/SUBZONE CONCENTR=-
chD ATIONS AKE SFT EQUAL TO Z0NE CONCENTRATIONS IN =
cD ZONEDENS FILLE AND REMAINING INPUT 1S NOT READ. -
cDh NZSET TOTAL NUMBER OF ZONE SETS. ZONES IN EACH SET MUST -
cD HAVE THE SAME NUMBER OF SUBZUNES AND THE SAME SUR- =
cD ZONE CONCENTRATIONS. NOT USED IF IFLG.EG.O -
()] MF (N) FIRST ZONE HUMBER (OF A CONSECUTIVE SET) IN SET N -
CcD ML (N) LAST ZOMNE NUMBER (OF A CONSECUTIVE SET) IN SET N -
cD NUCL (T +N) TOVAL NUMBER OF NUCLIDES IN [TH SUBZONE OF ZONES IN -
cb SET N -

cD NSUBZ (N)

NUMBER OF SUBZONES IN EACH ZONt OF ZONE SET N
(MUST AGREE wITH DATA GIVEN IN ZONE CLASSIFICATION)

co TR(JeI+N) REFERENCE I.0De NUMBER OF JTH NUCLIDE IN SUBZONE 1
co OF ZONE SET N

CcD C(JsIeN) ATOM DENSITY (10%#24 ATOMS/CC) OF JTH NUCLIDE IN
co SUBZONE 1 OF ZOUNE SET M.

C

cc IF SURZONE CONCENT~ATIONS ARE READs A NEw ZONEDENS FILE IS

ccC WRITTEN USING ZONE~-AVERAGE CUNCENTRATIONS CUMPUTED FROM THE

ccC SUBZONE CONCENTHATIONS. THE ZONE=-AVERAGE CUNCENTRATION OF ANY
ccC NUCLIDE 1S TRE SUM GF THE SUBZONE CONCENTRATIONS DIVIDED By THE

ccC NUMBER OF SUBZJONES.



CH AR I R B R RS R R B R R R U RN SRR I e H R R E PR R R H IR TR H SRR RR RSSO SO R DR ORI RG

C -
cF DAC INPTY -
CE DAC CODE-DEPENDENT INPUT DATA FILE -
C -

(o X2 L 222220 EL0e DL EEA-L R L S SRR YR LR R R R R R PR R TR R

(remcrcsrreorm e e e et r e, e e e et e M e AR e c e NS e e -

CR RECORD CONTROL -
c -
cC READ IF IREAD{16).EQe3 -
c -
CL (IRDU(JY ¢ J=1+¢3; -
C -
cD IRD () READ wECOWD J FROM CARDS (l/0=YES/NO), IF IREAD(16)~
cb «EQele ALL THE IRD(J) ARE SET INTERNALLY TO 1. IF =
cD IREAD(ib) 1S EQUAL TO 2 OR 4y UMIT ALL CARD INPUT -
CcD FOR THE DAC INPT FILE. -
cb IREAD (16} SEE CARD INPUT FILE CONTROLS. -
C -
(o L e Tl T Sy
(e e oo e n e e o — e e - o e e 0 e O e O e W o
CR CONTROL PARAMETERS -
C -
cC READ IF IRD(1).£Q.1 -
C -
CL ITPoID1 sMAXLP s MAXLUSNF I aNCAS -
C -
cD ITP CROSS SECTION CONTROL (1/2=READ REFERENCE MULTIGRP FILE =
cD ONLY/READ BOTH REFEREMCE AND PERTUKRBED MULTIGKRP FILES)e =
cb ID1 FLUX CONTROL (1/0=JUSE ANGULAR FLUXES/SCALAR FLUXES AND -
co CURRENTS) o -

cb MAXLP MAXIMUM NUMBER OF GROUPS TO WHICH THERE CAN BE UPSCATTER
cD MAXLD MAXIMUM NUMBEKR OF OGROUPS TO WHICH THERE CAN BE

CcD DOWNSCATTER

cL NFT NUMBER OF F’SSIONASLE ISOTOPES

cD NCAS NUMBER OF ~ERTURBAVION CASES TO BE PROCESSED

C

Cmescctnrcrucec e e e e e, e e e e e e mce e m—e et e—cameeeetmem—ewee——~.

Cormmm e cecmccc s r e e e et c e e me e rrne e G rAmeetet e ner— e e ————

cD XM(I) MESH MODIFIERS FOR 1ST DIMENSION

(o} NXM(I) MESH MODIFIER NUMBERS FOk IST DIMENSION., THESE NUMBERS
cb SPECIFY WHICH OF THE XM(I) ARE TO Bt USED IN EACH

ch INTERVAL.,

ch YM(J) MESH MODIFIERS FOR 2NN DIMENSION

CcD NYM(J) MESH MODIFIER NUMBEKS FOR 2N OIMENSION

CR MESH MODIFIERS AND MESH MUODIFIER NUMBERS -
EC READ 1F JEVT.EQ44AND«IRD(2) EQ,1 :
gL (XM(I) o I=T1eIZ) e (NXM(I)oI=]yIM) :
gL (YM(J) «J=1aUZ) « (NYM(J) e =] s UM) READ IF I1A01.GT.l :
EL (ZM (K)o K=14KZ) o (NZM(K) s K=] yKM) READ IF 1A01,6T.2 :

co ZM(K) MESH MOGIF IERS FOR 3RD DIMENSION -
co NZM(K) MESH MODIFIFR NUMBEKS FOk 3RD DIMENSION -
co IZ0JZeKZ9IMs JMokMe e TAULs AND TEVY DEFINED IN ADMNSTR, -
C -

Cmmmmmeccc e mmc e mccreccccracememmmcemmr s eenmee e ot m e ————————————

35



36

£ o o oo o e e et e o Y e £ O o s e P e

CR PERTURBATION CASE OATA -

C -
cC READ 1F NCAS.0OT.0sANDIRD(3)4EQ,.1 -
c -
cC DD 5 N=1eNCAS -
C -
CL ITPPsNPMeNPR -
C -
CL (E(MPA(T s eK) s T1=1e1M)aJ=1sJM) sK=]eKM) READ TF NPM.GT,0 -
C -
CL (MPZ(I)eI=1eNPR) s (MP(I) s I=1oNPM) s (MPC{I)}«I=1sNPM)» -
cL (XDE () o I=194NPM) READ IF NPM,GT,O0 -
C -
CL S (XDEP(I}sI=lsNPM) READ IF NPMeCTo04ANDSITPRPNES2 -
C -
co ITPP TYPE PERTURBATION (1/2/3=DENSITY/CROSS SECTION/BROTH) -
CcD SET ITP“e0Tel ONLY IF [TP,EGQ.Z -
co NPM NUMSER OF PERTUKRBATION MIXTUKE SFPECIFICATIONS -
cb NPR NUMBER OF PERTURBATYION ZONES (NPR,GT.0 IF NPM.GT.0) =~
CcD MPA(I+JsK) PERTURHBATION ZONE NUMBERS BY INIERVAL -
CcD MPZ (1) PERTURBATION MATERIAL NUMBERS BY ZONE -
cb MP (I} PERTURBATION MIX NUMBERS -
cb MPC (1) PERTURBAYION MIX COMMANDS -
cD XDE(I) PERTURBATION MIK DENSITIES -
Cco XDEP (I PERTURBED MJX DENSITIES -
C -
Crmm e mmn c oo oo o 1 57 0 T A R L s
CEOF

Chusdtacaraatogaridsaatttorstsaaiitttddopaiiotoeiitisadtntgnoanitntanatn

C -
CF FILE AND RECORD PRINT CONTROLS -
C -

Couosanpapoagpogagdaggaritoiagdodagdisaitgaigdspoatodtaapaasnodggoaaspaioatn

e o o ot e e e e o e R e e e

CR FILE PRINT CONTKOLS

C -
CL IPRIN(I)9I=1s16 -
C -
cD IPRIN =Is SKIP FILE -
cD =2+ PRINT ENTIRE FILE -
cb =3s PRINT SELECTED RECORDS IN FILE -
C -
co I =1+ ADMNSTR FILE -
CD =2+ SN CONS FILE -
co =3y INTQUANY FILE -
Cch =6y GEO DIST FILE -
Ccb =5¢ MIX DATA FILE -
Ccb =69+ GRP FLUX FILEs REGULAR -
cD =7+ GRP FLUX FILEs ADJOINT -
cD =Hy MULTIGRP FILEs REFERENCE -
Ccb =9y MULTIULRP FILEs PERTURHED -
Ccb =10+ ZONE DFNS FILE -
cD =l1ls ETX INPT FILE -
ch =12y ODX INPT FILE -
co =13y AN] INPT FILLE -
cD =las DOT INPT FILE -
co =15y CLB INPT FILE -
cD =16y DAC INPT FILE -
C -

Commmmnm —rcrec——— e e - —a———————————————— e e
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CR ADMNSTR FILE RECORD PRINTING CONTROLS -
C -
ccC NO RECORD CONTRULS = PRINT ENTIRE FILE IF IPRIN(l) = 2 OR = 3 -
C . -

(mmvecvvurvecrervarcnccne e -o- -y " > - - - " " T2 - - - - -

Cmercesrceccnecnancanncnnc—an memmecriecscceme e . ———— B T T

CR SN CCNS FILE RECORU PRINTING CONTROLS -

L -
ccC NO RECORD CONTROLS =~ PRINT ENTIRE FILE IF IPRIN(2) = 2 OR = 3 -
C -

Cemccrcccccensresstamcennesrerarare et e S e e re et et e e e ..o

(o ettt LA L DL L P B D A L P e S L L L e P L

CR INTQUANT FILE RECORD PRINTING CONTROLS READ IF IPRIN(3) = 3

C -
CcL IPR(I)s1=14+3 -
C -
cD IPR(I) PRINT RECORD Is 1=YESs 0=NO -
C -
cD I =1s DERIVED CONSTANTS -
cD =2+ ZONE AVERAGED FLUXES -
co =3+ ZONE VOLUMES -
C -
Crmccr s cccc e carccrcca e e e r e et — e —— e e —— G e ————————————

om0 00 9 0 O T

CR GEO DIST FILE RECORD PRINTING CUNTROLS READ TF IPKIN(4) = 3 -

C
cL IPR(I)IvI=104

C -
cD IRPRI(T) PRINT RECORD I+ 1SYESs 0=NO -
C -
cD 1 =1+ BOUNDARIES -
cD =2+ MATERIAL NUMBERS -
coD =3« ZONE NUMBERS -
cD =49 BUCKLING -

C

o e St T LT e

oI PRSP S PR SRR T o

CR MIX DATA FILE RECORD PRINTING CONTROLS READ IF IPRIN(S) = 3 -
C

cL IPR(I)el=104

C

cD IPR (1} PRINT RECORD 1y 1=YESs 0=NO
C

cD 1 =1s MIX NUMBERS

co =2e MIX COMMAND

cb =39 MIX DENSITIES

cD =4+ ]SOTOPE NUMBERS

C

ot s it e 0 40 e i e e e B B e

Commn e eeenoeme——————————————-—————————

CR REGULAR GRP FLUX FILE RECORU PRINTING CUNTRULS -
CR PEAD IF [PRINt6) = 3 -
C -
cL IPR{T)+]=1.3 -
C -

cb IPR(I} PRINT RECURD I+ 1=YESs 0=NO -
C -
cD 1 =1ls TOTAL FLUX -
cD =2y CURKENTS -
cD =3+ ANGULAR FLUX -
C -

Comrmmm et m e —— - ————————————————————— = e e
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CR ABJOINT GRP FLUX FILE RECORD PRINTING CONTROLS -

CR READ TF IPRIN(TY = 3 -
C -
cL IPR(I)»1=1:3 -
C ) . -
CcD IPR(T} PRINY RECORC 1. 1=YESe 0=NO -
C . -
co I =ls TOTAL FLUX -
co =2y CURRENTS -
Cco =3s ANGULAR FLUX -
C -
G o om0 e i 3 OB e S e 45 o 0 2 8 e e o e 0m
Comecccecrmcccscc e rer e e e e rca et e, e, e r e m e et e, e — - —————
CR MULTIGRP FILE RECORD PRINTING CONTROLS READ IF IPRIN(B) = 3 -
c -
CcL IPR(I)+I=1413 -
(o -
cD IPR(D) PRINT RECORD I+ 1=YESs 0=NO -
c -
cD 1 =ly FILE TITLE AND PARAMETERS -
CcD =2y ISOTOPE IDENTIFICATION -
cD =3y GROUP STRUCTURE -
ch =¢y DELAYED NEUTRON DECAY CONSTANTS -
cD =5y DELAYED NEUTRON SPEUTRUM -
(o] =6+ DELAYED NEUTRON ABUNDANCES -
cD =7+ ISOTOPE PARAMETERS -
Ccb =ds ISOTOPE FISSION SPECTRUM -
cD =9y PRINCIPAL CROSS-StCTIONS -
cD =109 INELASTIC SCATTERING CROSS-SECTIONS -
CD =11s ELASTIC SCATTERING CrOSS=-SECTIONS -
cD =12y NZN SCATTERING CROSS=SECTIONS -
cD =13+ BONDARENKO -
c -
LT TP . —— R
Crmr e amrrn e e —n = e = S 2 0 e 0 Y 08 e
CR PERTURBED MULTIGRP +ILE RECURD PRINTING CONTROLS -
CR READ IF IPRIN(Y) = 3 -
C -
cL IPR(1I)9I=14+13 -
c -
(o)) IPR(I) PRINT RECORD RECORD Is I=YESs 0=NO -
c -
cD I =1y FILE TITLE AND PARAMETERS -
cD =2y ISOTOPE IDENTIFICATION -
cb =3y GROUP STRUCTURE -
CcD =4y DELAYED NEUTRON DECAY CONSTANTS -
ch =5, DELAYED NEUTRON SPECTRUM -
CcD =6y DELAYED NEUTRON ABUNOANCES -
co =7» ISOTOPE PARAMETERS -
cD =&y ISOTOPE FISSION SPECTRUM -
cb =39y PHINCIPAL CROSS=-SECTIONS -
cD =10y INELASTIC SCATTERING CROSS-SECTIONS -
Ccb =11ls ELASTIC SCATTERING CROSS=SECTIONS -
Ccb =12y NZ2N SCATTERING CROSS-SECTIONS -
cb =13« BONDARENKO DATA -
c . -
Croermcmcr e e rcerrc e n e e e e - ———————— recemmmt————— —eme————
(-eececcrcacccienmancrsncmmereresr e e m e e n———— B T .
CR ZONE DENSITIES FILE RECORD PRINTING CONTROLS -
C -
cc NO RECORD CONTROLS. PRINT ENTIKRE FILE IF IPRIN(10) = 2 OR =3 -
(o -

Commmcrocccccrcccrccccrcr e e e m e r e — e s e mC e s e - ——————————
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CR ETXIN FILE RECORD PRINTING CONTROLS = READ F IPRIN(11) = 3 -
C

CcL IPR{I)+I=1,3 -
C -
coD IPR{I) PrINT RECORD Is 1=YESe 0=NO -
C -
co 1 =1+ UDATA COMMON TO ALL ISUTOPES -
co =2y ISOTORE ODEPENDENT DATA -
co =3de LIBRARY UPDATE DATA -
C -

Crarrovccrmecreeretcnu e — e s e m e ————

Cerommcarccr e e o e e e e e o - ——————— = = s e e T e e e
CR OBXIN FILE RECORD PRINTING CONTROLS = READ IF IPRINU1Z) = 3

C
CcL IPR(I)eY=147

C

co IPR(ID PRINT RECORD Is 1=YESs 0=NO

~

co I =1y TITLE AND CONTROL PARAMETERS

cD =2+ BUCKLING MODIFIERS -
chD =3y FISSION FRACTIONS AND VELOCITIES -
cD =4y ZONE MODIFIERS -
cD =5y XSEC GROUP COLLAPSING DATA -
cD =6y RESONANCE SHIELDING DATA -
cb =7+ MULTIGRP FILE DATA -
C -

G s e e ot e o o 1 8 R e £ o et e

o mmrm macrn e e e e - o e = ) e e e S W o A e

CR ANIIN FILE RECORD PRINTING CONTROLS -~ READ IF LPRIN(13) = 3

C -
CL IPR(I)»1=149 -
(o} -
cD IPR(I) PRINT KIZICORD I+ 1=YESs 0=NO -
C -
co 1 =1l¢ CONTROL PARAMETERS -
cD =2+ FIXED SOURCE -
(o)) =3y FISSION GUESS -
cD =4+ RADIUS MODIFIERS -
cD =5s DENSITY FACTORS -
cD =6+ ACTIVITY DATA -
cD =7y DIFFUSION MARKERS -
(o] =8y ALBEOUL -
cD =9y XSEC GROUP COLLAPSE DATA -
C -

G o im0t e e e e R e B O e e

Comm e c e e - - e - n A e 2 e o e e e e e e

CR DOTIN FILE RECORD PRINTING CONTROLS -~ READ If IPRIN(14) = 3

C -
(o] IPR(T) PRINT RECORD Is 1=YESs 0=NO -
C -
cD I =1y CONTROL PARAMETERS -
cb =2+ DISTRIBUTED FIXED SQURCE -
CcD =3¢ FIXED BOUNDARY .SOURCE -
cD =49 ACTIVITY DATA -
cb =5y ZONE WIRTH SEARCH PARAMETERS -
cD =6s DIFFUSION MARKERS -
C -

Crmmmr e cccr et a e ———————————— . ——— -

59



6C

Coemmeemousn= e em————————

CR CLBIN FILE RECORD PRINTING COMTROLS = READ IF IPRIN(15) = 3 -
C -
CL IPR(I}a1=1s7 -
C -
ch 1PF (1) PRINT RECORD I+ 1=YES= 0=NO -
C -
cD I =1y TITLE AND NEUTRONICS SELECTION -
cD =2¢ INFINITE MEDIUM DATA -
co =3+ DEPLEVTION HISTORY AND EDITING OPTIONS -
CcD =4y ZONL CLASSIFICATION DATA -
cD =59 FISSION YIELD DATA -
cn =69 NUCLIDE CHAIN SPECIFICATIONS -
(ofb] =7, SUBZONE NUCLIDE CONCENTRATIONS -
C --
Commmm——— - o e o e 5 T T e
ittt D ittt e emcccrscracm————————
CR DACIN FILE RECORD PRINTING CONTROLS - READ IF IPRIN(1I6) = 3 -
C -
CL IPR(I)Ye1=143 -
C -
co IPR(I) PRINT RECORD I 1=YESs 0=NO -
C -
CcD I =1+ CONTROL PARAMETERS -
cD =2y MESH MODIFIERS AND MESH MODIFIiER NUMBERS ~
co =3y PERTURBATION CASE DATA -
C -
c---‘---—--’--'----------------------------. -~ o - - - -
CEOF

ot e S e N S i o i S R S D S S S R S S S P S S S P P AL S S AR S P SE S EP S EP EH S S SE SH P S L e LA S S 4 3P B P OB LR 4

C -
cr CARD INPUT FOR INTERFACED McC#%2 CODE -
C -
CN THE LIST FOR EACH <ECORD 1S GIVEN IN TERMS OF THE BCD FORMAT OF =
CN THE DATA CARD. COLUMNS (=2 ALWAYS CONTAIff THE CARD TYPE NUMBER. =~
C -

CHetarat bttt Sh4p SR 40 S 1 £ 40 SF 41 SF S0 40 3100 3 42 21 0 34 £ £ 41 41 £ 5 28 41 $2 82 31 41 30 1 45 41 31 20 4 41 51 81 31 40 45 41 4 4 41 41 45 38 30 45 SH 3P A 4

Cmeocmmcr e m e e s r e o et f o m e, — e ———— - —————————" -

cR PROBLEM TITLE -
C -
cc CARD TYFE 01 MUST ALWAYS BE PRESENT -
C -
cL FORMAT (12+6X+948) -
C -
cD COLUMNS CONTENTS -
Cn aS===== Bt a4 3 A A A S L L S S 3 PS> A S S T 2 2 F 3 - F 2 S L T F X F X T T T Y
cD 1-2 0l -
cD 7-78 ANY ALPHANUMERIC CHARACTERS -
c -
(oo m e m e e e e e e et n e e e - —————————— - -~ 5 = e 2
Crmr e e e e e r e e e -, - o e e e o e o e e e
CR POINTR COMTAINER ARRAY SPECIFICATIONS -
c -
cc CARD TYPE 02 IS OPTIONAL -
c -
cL FORMAT (1244X3316) -
C -
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co COLUMNS CONTENTS -

CD z=x===z= B e e N P ST T T T IS
cb -2 02 -
cD 19-24 PRINT OPTION FLAG FOR CONTAINER ARRAYs TYFICALLY O. -
CcD DEFAULT=0. -
cD 0=NO TRACE OR DUMF3H -
cD 1=DUMPS ONLY -
cD 2=TRACE ONLY -
CcD 3=TRACE AND DUMPS -
c -
Comeocccmnne T -------- LI T L2 P L I T L L D Py g - - s o -
Cremecoer cocecccnne crcammmccaa- P - P B P [P,
CR GENERAL PROBLEM SPECIFICATIONS -
C -
cC CARD TYPE 03 MUST ALWAYS HE PRESENT -
Cc -
CcL FORMAT(I2s10Xe6160E12.5416) -
C -
cD COLUMNS CONTENTS -
CD s==I;==== R P sttt i P P PP TR T E Y T T
co 1-2 03 -
cD 13-18 FUNDAMENTAL MODE TYPE -
CcD 1=P] -
co 2=CONSISTENT B1 FOR ISOTROPIC NEUTRONICS -
cD 3=CONSISTENT Pl FOR ISOTROPIC NEUTRONICS -
CcD 4=CONSISTENT Bl FUR ANISOTROPIC NEUTRONICS -
CcD S=CONSISTENT P1 FOR ANISOTROPIC NEUTRONICS -
co 19-24 FUEL PIN GEOMETRY (1/2=SLAB/CYLINDER) o
co 25-30 LIBRARY IDENTIFICATION NUMBER OF ISOTOPE TO BE USED AS =
co FISSION SOURCE. -
CcD 31-36 0/1=CALCULATE BROAD GROUP CROSS SECTIONS/NO -
CcD 37=42 0/1=ALL FINE GROUP PROBLEM/ULTRAFINE GROUP PROBLEM -
cD 43-48 FINE GROUP WEIGHTING SPECTRUM OPTION -
cD 1=1/7E SPECTRUM -
CcD 2=CONSTANT SPECTRUM -
CcD 3=E SPECTRUM -
CcD 49=60 FINE GROUP LETHARGY WIDTHe TYPICALLY 0.25. MUST BE -
cD ONE DF THE VALUES LISTED BELOW. THE CORRESPONDING -
CcD NUMBER N OF ULTRAFINE GROUPS PER FINE GROUP IS ALSO -
cD GIVEN FOR EACH LETHARGY WIDTH. -
co LETHARGY WIDTH N -
co e - -- -
co 8.33333E-3 1 -
cD 1.66667E-3 2 -
cD 2.50000£E-2 3 -
CcD 3.33333€-2 &3 -
cD 4.1606TE=2 5 -
cD 5.,00000E=2 &) -
CcD Re33333E-2 10 -
co 1.00000E~1 12 -
CcD 1.25000E-1 15 -
cD 1.66667E-1 20 -
co 2.50000E-1 30 -
cD .00000E~1 60 -
CcD 61-66 CALCULATION PATH OPTION -
CcD 1=COMPLETE MC##2 PROBLEM -
cD 2=CALCULATE WESOLVED AND UNRESOLVED RESONANCE CROSS -
C SECTIONS ONLY -
C -
C --------------------------------- - O e W - . - LT P L Y T
Cremmrrec e ecccrcrccr s - B T T L T p——
CR BROAD GROUP SPLCIF ICATIONS -
C -
cC CARD TYPE G4 MUST ALWAYS BE PRESENT -
C -
CL FORPMAT(I2+10UXe3(]16+E12.5)) -

61
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co COLUMNS CONTENTS -~

cc CARD TYPE 05 1S PERTINENT ONLY FOR A HETEROGEMEOUS PROBLEM,
C

O T e T T

co ==z====< B s L e e Y T I T e
coD 1-2 04 -
CcD 13-18 BROAD GRUUP NUMBER -
C 19-30 UPPERQ ENERGY OF GROUP (E£v) -
cb 31-36 BROAD GRUUP NUMBER -
c 37-48 UPPER ENERCGY OF GKOUP (EV) -
co 49=-5¢4 BROAD GROWP NUMBER -
cD 55-66 UPPER ENERGY OF GROUP (EV) -
C -
CcC AS MANY TYPE 04 CArRDS ARE USED AS ARE NECESSARY TO SPUCIFY THE -
ccC ENFRGY BOUNDARIES. GROUP 1 IS THE GROUP OF HIGREST ENERGY. -
C -
Crnocaa= -————————— - — - - —emer—————— - e eTrcer e ---—-—- ,—mmemo=-
[T T T T e e
CR FUEL PIN SPECIFICATIONS -
C -
cc CARD TYPE 05 1S OPTIONAL -
o -
cL FORMAT(12+10X+2€12.5) -
C -
cb COLUMNS CONTENTS -
cD Za===x== B e e L P P T
CcD 1=-2 05 -
[M)] 13-24 RADIUS OF FUEL PIN IF COLS. 19=-24 UN CARD TYPE 03 ESUAL~
cD 2+ HALF THICKNESS OF FUEL SLAB IF COLS. 19-24 ON CARD =~
co TYPL 03 EQUAL 1. -
cD 2%-36 RADIUS OF OUTER CLAD=COOLANT REGIUN IF COLS. 19-24 ON =~
cb CARD TYPE 03 EQUAL 2+ OUTER BOUND OF CLAD-COOLANT -
ch REGION RELATIVE TO CENTER OF FUEL SLAB IF COLS.19-24 -
co ON CARD TYPE 03 EQUAL 1, -
C -

Gl o o e o e e e e e e e e e B e 2 e R e e e

CR PROBLEM COMPOSITION SRECIFICATIONS -
C -
cc CARD TYPE 96 MUST ALWAYS BE PRESENT -
C -
cL FORMAT {1244X+2A6+1644E12,.5) -
C -
cb COLUMNS CONTENTS -
CD =S====== 3+ttt -ttt - -t -t -t P - A 3 s - 2 T ¥ 3 T 5 1 2
co 1-2 06 -
co 7-12 NUCLIDE IDENTIFICATION LABEL ON LIBRARY. LABEL MUST =
cd BE LEFT JUSTIFIED IM FORMAT FIELD WITH IMBEDDED BLANKS -
cD PRESERVED. -
cD 13-18 1SOTOPE NAME. THIS NAME CAN 8E ANY ALIAS NAME USER -
co WISHES. -
ch 19-24 I.LEGENDRE TREATMENT SPECIFICATIONS -
cb 0=NON-LEGENDRE TREATMENT OF ELASTIC SCATTERING -
€D 1SELASTIC SCATTERING FOR NUCLIDE USES THE LEGENDRE -
ch TREATMENT. -
€D 25-36 NUCLIDE CONCENTRATION USED TO COMPUTE HOMOGENTZED -
co MACROSCOPIC CROSS SECTIONS FOR USE IN THE FUNDAMENTAL =
co MODE CALCULATION (ATOMS/CCHE~-24). -
€D 37-48 NUCLIDE TEMPERATURE (DEGREES K). -
cD 49-60 NUCLIDE CONCENTRATION IN THE FUEL PIN (ATOMS/CCHE-24), =
€D If BLANKs THE VALUES GIVEN IN COLS. 25-36 WILL BF USED -
co PROYIDED ALL 06 CARDS USED ARE BLANK IN COLS. 49-60, -
cD 61=-72 NUCLTDE CONCENTRATION IN THE CLAD~COOLANT GUTER REGION -
co (ATOWS/CC¥t=24), IGNORED IF CARD TYPE 05 IS NGT -
cD SUPPLIED. -
C -
cc AS MANY TYPE 06 CARDS ARE USED AS ARE NECESSARY TO SPECIFY THE =
cc COMPOSITION. -
C . -

o m e oo - e e o e e o = e o 8 e o = e o 0 e 9 o o . P e
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CR FUNDAMENTAL MODE ITERATION SPECIFICATIONS -

c -
ccC CARD TrPE Q7 IS OPTIONAL -
C -
cL FORMAT(12010X«3€E125) -
C -
cD COLUMNS CONTENTS -
CD =zZz=s=== ====:==========================-‘—===:========;=========:_
Co 1=-2 07 -
Cco 13=-24 FIRST GUESS FOR BUCKLING (1/CH#%#2) s
co 25-30b SECOND GUESS FOR BUCKLING (J/CMit#pz) -
co 3748 CONVERGENCE CRITERION (EPS) FOUOR KEFF IeEs ABS(KEFF=1), =
co LELEPS. -
c -
ccC iF EPS=0D.0s FIRST BUCKLING GUFSS 1S USED AND NO ITERATION IS -
cr PERFORMED, -
C -
Comemsemrm e e m e e e e mrre s meecame e ———————————————————————————
Cocm v ma e s e - - o 0 - 5 0 s 5 L T R - -
cp THERMAL CROSS SECI/I0M DATA -
C -
ccC CARD TYPE 08 IS OPTIONAL -
C : -
CcL FORMAT(12¢10XsA6¢6Ke4E12.5) -
C -
cD COL1MNS CONTLNTS -
cD zz==z=== B L T L P P P S L T LTI L T EE LT PP PP P e
cn 1=2 08 -
co 13-} NUCLIDE IDPENTIFICATION LABEL -
Ccb 2%5=36 MICROSCOPIC THERMAL GROUP CAPTURE CROSS SECTION (BARNS)=-

MICROSCOPIC THERMAL GROUP FISSION CROSS SECTION (BARNS)-

co J7-48
NUMBER OF NEUTRONS FMITTED PER FIsSION IN THE THERMAL -

co 49-60

co GROUP -
cD 61=-72 MICROSCOPIC THERMAL GROUP TRANSPORT CROSS SECTION -
co {BARNS) » -
C o=
cc AS MANY TYPE 08 CARDS ARE USED AS ARE NECESSARY TQ SPECIFY THE -
cc THERMAL CROSS SECTIONS FOR THE NUCLIDES IN THE PROBLEM, -
C -
S T LT s
[ T ettt L L L D e P e e L L L T
CR THERMAL CROSS SECTION DATA -
C -
cc CARO TYPE 09 IS OPTIONAL -
c -
CL FORMAT{IZ2+1UXsAG+6Xe2E1243) -
c -
co COLUMNS CONTENTS -
CcD sa===s= B A Y S R R P P R
cD 1=2 09 -
co 13-18 NUCLIDE IDENTIFICATION LABEL -
cD 25-36 M1CROSCOFIC THERMAL N=ALPHA {ROSS SECTION (BARNS). -
co 37-48 MICROSCORIC THERMAL N-P CRUSS SECTION (BARNS). -
C -
cC AS MANY TYPZ 09 CARDS ARE USED AS ARE NECESSARY TO SPECIFY THE -
cc THERMAL CROSS SECTIONS FOR THE UCLIDES IN THE PROBLEM. -
C -
Corrmvwemnnrrcncnnneranreneme= - - - - -——- ———
o D e e e L LSS LA L P L LRt d g b D D Dbl d
CR WEIGHTING SPECTRUM DATA -
s -
cc CARD TYPE 10 IS OPTIONAL -
C -
CL TFORMAT(I2+10X+3{16+E12.5)) -
c -
cD COLUMNS CONTENTS -
[o5) =a=z==s= P e e e e e
co 1~2 10 -
cD 13-i18 FINE GROUP NUMBER -
cD 19-30 FINE GROUP WEIGHTING SPECTRUM -
cD 31-36 F INE OROUP NUMBER ’ -



ch 37-48 FINE GROUM WEIGHTING SPECTRUM

cD 49=54 FINF GROUP NUMBER -
cD S5-66 FINE GROUP WEIGHTING SPECTRUM -
c -
cc AS MANY TYPE 10 CARLS ARE USED AS ARE NECESSARY TO SPECIFY THE =
cc WEIGHTING SPECTRUM, -
c -
c- ------ - --—---o‘--o--—’------------—-------—-—--—u-------------.;..---.
c--------—-Q-----’----------------—-—--——------ - bl g - Y
CR PRINT SELLCTION OPTIONS -
C -
cc CARD TYPE 11 IS OPTIONAL -
C -
cL FORMAT (1244X+716) -
c -
cb COLUMNS CONTENTS -
CD T=z==s= ::::::==:‘.:========:=====:====:=========:=====:=======2=-
(o)} 1=2 11 -
co 7-12 IF NON=ZERO» EDIT AVERAGE MICROSCOPIC GROUP CROSS -
co SECTIONS SUMMED OVER ALL CONTRIBUTING RESONANCES IN THE-
co RISOLVED RESONANCE REGION. ALSO EDIT POINT VALUES OF =
co MICROSCOPIC CROSS SECTIONS AVERAGED OVER PORTER-THOMAS =
ch DiISTRIBUTIONS IN THE UNRESOLVED REGION. -
co 15-13 IF NON~ZFRUs EDIT AVERAGE MICKROSCOPIC GROUP CROSS -
ch SECTIUNS FOR EACH RFSONANCE IN THE RESOLVED RESONANCE =
cD REGION. -
ch 19-24 IF NON-~ZERGs EDIT MICROSCOPIC AVERAGE FINE GROUP CROSS -
(o)) SECTIONS COMPUTED FROM LINEAR-SEGMENT DATA. -
oy} 25-30 1F NON--ZEKQe EDIT HOMOGENIZED MACROSCOPIC FINE GROUP =
(o)) AND ULTRAFINE GROUP CROSS SECTIONS, ALSO EDIT FISSTON -
(o)) SPECTRUM. -
o)) 31-36 IF NON-ZEROs EDIT FINE AND ULTRAFINE GROUP FLUXES FOR =
ch EACH BUCKLING ITERATION, -
co 37-42 IF NON-ZEROs EDIT ULTRAFINE GROUP MATERIAL MACROSCOPIC -
cd ELASTIC KEMOVAL CROSS SECTIONSs ELASTIC TRANSPORT CROSS-
()] SECTIONSs AND ELASTIC TRANSFER CROSS SECTIONS. -
ce 4345 1F NON=ZEROs A COMPLETE EDIT OF THE MULTIGRP CROSS -
co SECTION U TA 5ET. -
c -
cc ALL DEFAULT VALUES ARE 2F RO -
C -
C-—-—---------Q------Q----------’—------—----------------‘------------—--—
Cormemmmmma——en——————————— — - - ereem—cem—c—a——————
CR ADDITIONAL INFORMATION NEEDED FOR wRITING MUL”IGRP FILE -
C -
cc CARD TYPE 12 MUST ALWAYS BE PRESENT -
c -
CL FORMAT (124X 4A54316+3E12.5) -
¢ -
co COLUMNS CONTENTS -
CD ======= ::::=:===============::===:=================:==========-
co 12 12 -
cD 7~12 NUCLIDE IDENTIFICATION LABEL ON L1IBRARY. -
cD 13-1P NUCL IDE IDENTIFICATION NUMBER DN MULTIGRP FILE. -
cD 19-24 MATERIAL TYPE FLAG (0/1/2/3/4/5=UNDEF INED/FISSILE/ -
co FERTILE/OTHER HEAVY MATERIAL/STRUCTURAL/FISSION -
co ¥RODUCT) , -
co 25-30 NUCLIDE ATOMIC NUMBER -
co 31-42 DECAY CONSTANT FOR NUCLIDE (1/SEC). -
co 43-54 NUCLIDE FISSION ENERGY (W~SEC/FIiSSION) -
co 55«66 NUCL 1DE CAFTURE ENERGY (W~SEC/CAPTURE).

C

cC A TYPE 12 CARD IS REQUIRED FOR EACH NUCLIDE THAT 1S SPECIFIED ON
cc A TYPE 06 CARD,

Cmmmmmccmcmc e et e e e e e me s cm e e Cnee——————————




APPENDIY C

FILE HANDLING

The logicsl unit n .uers of the interface-
data files are assigned oy the codzs that create
the files.
to the other codes through the COMMON array NFILES.

An 1nput and an ocutput version of a file can

These logical unit numbers are available

exist concurrently. Logical unit numbers of input
files are stored in (NFILES(I),I=1,NSTD) and logi-
cal unit numbers of output files are stored in
(NFILES (NSTD+I),I=1,NSTD). NSTD is the number of
iaterface-~data files. It is currently set equal to
16 in DRIVER and 18 transmitted to all the codes
through NFILES (100).

The values of I corresponding to the 16 inter-

face files are:

1 _File I _rile
1 ADMNSTR 9 ADJ F.XS
2 SN CONS 10 PERTIMTGP
3 GEO DIST 11 ETX INPT
4 GRP FLXS 12 ODX INPT
5 INTQUANT 13 ANI INPT
6 MIX DATA 14 DOT INPT
7 MULTIGRP 15 CLB INPT
8 ZONEDENS 16 DAC INPT

Logical unit numbers for output files are assigned

by

NFILES (NSTD+I)=NSCT+NSTD+1
if

NFILES(I).LE.NSCT+NSTD ,
or by

NFILES (NSTD+1)=NSCT+I
if

NFILES(I).GT.NSCTHISTD |,

where NSCT is the maximum number of scratch files.
NSCT is currently set equal to 50 in DRIVER and is
transmitted to all the codes through NFILES(99).
Because the output file from one code becomes the
input file for the next code in the path, NFILES(I)
is set equal to NFILES(NSTD+I) after file I is

created.

This procedure may become clearer if a particu-
lar example is considered. Assume that the ADMNSTR
file on logical unit NFILES(1l)=51 is to be modified
by the IN? module. The output ADMNSTR file is
then written on logical unit NFILES(17)=67, and
NFILES(l) is set equal to 67. However, if the input
ADMNSTR file is on logical unit NFILES(1)=67, the
output file is written on NFILES(17)=5l1, and
NFILES(l) is aset equal to 51.

When an FL1 call is made to copy interface
files from disk to magnetic tape, (NFILES(1),I=l1,
NSTD) is written as the first record on the tape.
This is followed by the current versions of the in-
terface files, 1.e., those on logical units
NFILES(1),I=1,NSTD. When the files are copied from
the magnetic tape to disk files in an FLO call, the
first record on the tape is read into the NFILES
array to restore the logical unit numbers associated
with the disk filesa.

The ENDF/B and ETOX cross-section library files
are not included in the file~handling scheme de-
scribed above. These files must be assigned by the
uger to specific logical units by control cards.

Because dynamic buffer allocation 1s not a
built-in feature of the CDC 6600, a scheme was de-
veloped to rotate a few buffers among the many files
This scheme involves the use of

Whenever a

used by the codes.
a COMPASS language routine, BUFOPEN.
buffer is to be assigned to a particular file, a

call is made to
BUFOPEN(I,FNAME,BUF,L) .

This routine initializes the circular buifer
parameters (CBP) for file FNAME where FNAME is a
seven-character Hollerith name (7HTAPEl~n,7HTAPE2..,
.+.,7HTAPE99.). The CBP are the first five words of
the file enviromment table (FET), which occupies the
first 17 words of the buffer area. The remainder of
the buffer area is used to trancwit data between
core and the file. I is the relative location in
core of the CBP pointer for the file, BUF is the
first word address of the buffer area, and L is the
length of the buffer. The reader is referred to
Ref. 17 for a listing of the BUFOPEN routine and

for further details.
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APPENDIX D

SAMPLE PROBLEMS

Sample problems involving the various inter- sequence of calculations from files saved in a
faced codes are discussed in this Appendix. These previous run.
problems illustrate the card input required for the Sample Problem 1. The first sample problem
creation and modification of interface files, print- shows how ETOX could be used to update an isotope
ing of files, execution of calculational codes in in an existing ETOX library. Card input for this
some typical sequences, and contimiation of a sample problem is shown below.

CARD INPUT FOR SAMPLE PROBLEM 1

3 T NUMBER OF PATH ELEMENTS DRIVERQ1

®INP PRN ETX®* T PATH DRIVER(Q2

R10(4) 1 RS{e) T CARD INPUT FILE CONTROLS INPCNTO1

1 203 26 11 T DATA COMMON TO ALL ISOTOPES TO BE PROCESSED ETXINPOL

22661 3,727¢]1 6414601 1,013¢2 1,67¢2 2,754¢2 4,542 T,485¢2 1,23443 ETXINPO2

2403543 3,.35543 5,531+43 99,1193 1,503¢4 2,479+4 4,087+4 6,738+4 ETXINPQ2

1.111¢5 1,832¢5 32,0245 4,979+5 8,20845 1,35346 2,231¢6 3,679+6 ETXINPOG

6.065¢6 1,047 T ENERGY BOUNDARIES ETXINPOS

* FE IN 26 GROUP STRUCTURE FOR UPDATED ETOX LIBRARY SETXINPOO

«FEs 1122 1 3 0 T ISOTOPE-DEPENDENT DATAL ETXINPO7

1.0¢5 1,0 24646 1,646 041 0.1 045 1,03 34042 S0 Sa0¢] ETXINPOS

S.0+2 T ISOTOPE-DEPENDENT DATA 2 ETXINPO9

1 3 3 1 1 3 3 T ETOXx LIBRARY UPDATE DATA ETXINPLO

R10(1) 2 RS5()1) T FILE PRINT CONTROLS PRNCNTO1
DRIVEROl and DRIVERQ2 are the control input cards controls instruct INP to read the ETX INPT file from
for the DRIVER program. In this example, the num- cards ETXINPOl through ETXINP10 and to skip all the
ber of path elements is three, and the path is INP other interface files. Fimally, PRNCNTOl instructs
PRN ETX, The next card, INPCNT0l, contains the the PRN module to print the ETX INPT file (see below)
card input file controls for the INP wmodule. These and to skip all of the other interface files.

OUTPUT FROM PRN MODULE--SAMPLE PROBLEM 1
**ETOX INPUT FILE** FILE 61

COMMON FILE PARAMETERS

NISO NUMBER OF ISOTOPES 1
10TAP ENOF/B DATA TAPE l.De NUMBER ww-eec-eccccmecs 203
NG NUMBER OF ENERGY GROUPS OF OUTPUT X=SECTIONS 26
LNE NUMBER OF DOWNSCATTERING GROUPS OUTPUT 11

GROUP ENERGY BOUNDS

BOUND
.22600€E+02
«3T270E+02
+61640E+02
+10130E+03
«16700E+03
«27540E+03
«454600E+03
«74BS0E+03
<Y2360E+04
«20350E+04
+33550E+04
.55310E+04
«91190E+06
«15030E+05
.264790E+05
«40870E+05
.67380E+05

Lol i ol i N )
NOUSWN~OODNOU & WN ™
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18 «11110E+06
19 »18320E+06
20 +30200€+06
21 «49T790E+06

22 +82080E+06
23 «¥3530E+07
24 «22310E+07
25 «36790E+07
26 «60650E+07
27 «10000E+08
ISOTOPE 1 DATA
FE IN 26 GROUP STRUCTURE FOR UPDATED ETOX LIBRARY
NAMET ISOTOPE NAME eewe=cscee. - FE
MATI11 ENDOF/B ISOTOPE [eDe NUMBER = 1122
NTEMP NUMBER QF TEMPERATURES OF SELF-SHIELD FACTORS 1
NSIGO NUMBER OF SIGO VALUES OF SELF-SHIELD FACTORS 3
LN6 1/0=CALCULATE AND PRINT FISSION FRACTIONS = 0
EMAXFF MAX ENERGY FOR SS FACTOR CALCULATIONS =weces «10000E+06
EMINFF MIN ENERGY FOR SS FACTOR CALCULATIONS e=ec== «10000E+01
EMNI1EF MIN ENERGY WEIGHT SPECTRUM=F]1SSION SPECTRUM=- +26000E+07
CFF FISSION SPECTRUM CONSTANT (EV) =eesmcecccces «14000E+07
DELMAX MAX FINE GROUP LETHARGY == - +«10000E+00
DELUMX MAX UNRESOLVED GROUP LETHARGY ee=srsccuscas «10000E+00
ANFMPD NUMBER FINE=GF POINTS/ENDF/B SIGMA TOT POINTS +S0000E«00
EPS ROMBERG INTEGRATION ACCURACY PARAMETER «10000E-02
TEMPERATUPES SIGMA ZERO
1 3.00000E+02 5,00000E+00
2 5,00000E+0)
3 5.00000E+02
ETOX LIBRARY CONTROLS
NUP 1/0=PRODUCE UPDATED LIB OF ETOX X-SECTIONS/NO 1
NUP) LIB SEQUENCE NO, OF 1ST ISOTOPE UPDATED === 3
NUP2 L18 SEQUENCE NO. OF LAST ISOTOPE UPDATED == 3
NPR 1/0=PRINT X-SECTIONS/NO 1
NPR1 LIB SEQUENCE NO. OF 1ST ISOTOPE PRINTED == 1
NPR2 LIB SEQUENCE NO. OF LAST ISQOTOPE PRINTED == 3
NLAST TOTAL NO, OF  ISOTOPES ON INPUT LIBRARY w=o- 3
The input ETOX library and the ENDF/B tape are the three isotopes 235U, 2380, and Fe. As a check

assigned by control cards to logical units 47 and
48, respectively. In this example, the input ETOX
library contains 26-group cross sections for three

235U, 238U, and Fe. Execu-

isotopes ia the order
tion of the path element ETX causes the ETOX code
to be loaded and executed. ETOX calculates 26~group
cross sections for Fe using input from the ETX INPT
file and the Fe data on the ENDF/B tape. The out-
put ETOX library containing the new Fe cross sec-~
tions is written on logical unit 46.

Sample Problem 2. 1In this sample problem, the
26—group ETOX library created in Sample Problem 1

is used by 1DX in a one~dimensional calculation to

create a 4-group standard MULTIGRP file containing

on the group collapsing, the one-dimensional 1DX
calculation is repeated with the 4~group MULTIGRP
file.

Card input for this sample problem is showm on
the next page. The first two cards define the num-
ber of path elements (6) and the path (INF PRN ODX
INP ODX FL1) for the DRIVER program. The next card,
INPCNTOl, contains the controls for the first call
to INP. This card instructs the INP module to create
the ADMNSTR, GEO DIST, MIX DATA, and ODX INPT files
from cards and to skip the other interface files.
Cards for the four files created by INP are ADMNSTOL
through ADMNSTO4, GEODISOl through GEODIS04, MIXDATO1
through MIXDATO5, and ODXINPO1l through ODXINP15 as

shown.
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CARD INPUT FOR SAMPLE PROBLEM 2

6 T NUMBER OF PATH ELEMENTS DRIVERO}Y
*INP PRN oDX INP 0obX FLI* T PATH DRIVEROZ
1 R2€&) ©2(1) R6(4) 1 Re(e) T CARD INPUT FILE CONTROLS INPCNTO1

* ADMNSTR FILE FOR 26~GROUP 1DX CALCULATION #/ TITLE ADMNSTO]
I R3(8) & R2(2) S50 k2(1) =1 1 R2(0.0) 1.0=4 RS(0.0) 1 R5(0)ADMNSTO2
-1 1 1.0 5 8 0 3 Rel0) 0.0 26 0 30 10 1,0-4 1,0-3 1,0-2 ADMNSTOJ
0,5 1.0 1.0-3 1,0 T ABMNSTR PARAMETERS ADMNSTO4
0.0 [129(29.64) 119(64.2) T MESH BOUNDARIES GEODISO}
4 5 T MATERIAL NUMBERS GEOD1S02
R30¢(1) R20(2) T ZONE NUMBERS GEODIS03
1.9579=3 T BUCKLING GEOD1304
R4 (4} Ra(5) T MIXx NUMBERS MIXDATO1
01 2 3 0 1 2 3 T MIX COMMANDS MIXDATO2
0.0 4.567=3 3,4392-2 7.167=03 0,0 8.,9=-5 4,0025=-2/ MIXDATO3
6.121=3 7 MIX DENSITIES MIXDATO4
1 2 3 T ISOTOPE NUMBERS MIXDATOS

#* 3DX 26="ROUP REGULAR PROBLEM USING ETOX LIBRARY TAPE #0DXINPO]
2 16 ¢ 1 & R2(4) 0 3 R3(0) T TITLE AND CONTROL PARAMETERS ODXINPO2
R2(1.0r T BUCKLING MOUIFIERS ODXINPO3
2¢17S5=2 9,994=2 1,3746=]1 2.2688=1 1,8522~1 1.,2228~1 7.085=2 3,789=2 ODXINPO4

1493=2 9.55=3 4,64::3 2:23-3 1406~3 5,0=4 244=4 lol=4 5S.0-5 3.0-5 2,0-5 ODXINPOS

R7(0.0) R26(1.0) 1
Ra(ey 1 2 3 R T

FISSION FRACTIONS AND VELCCITIES
DATA FUR XSEC GROUP COLLAPSING

ODXINPOG
ODXINPO7

1 1,00 12 3 R6(300,0) Ra(0) R26(0.,5) Y DATA FCR RESONANCE=-SHIELD CALCODX1INPOB

6 #U=235% 233,02 0.0 3el=11 CoD 27,0 94350 1 -1 #U-238% 236,0 0.0
3,1~11 0,0 27,0 94380 2 -1 ®*FE* S5,37 R3(0,0) 27.0 26558 4 0 T EXTRA
1.24-2 3,05-2 0,111 0,301 1,14 3.0} T DELAY NEUT DECAY CONSTANTS
1.3341-3 R3I(0.0) 2.6784-3 R3(0.0)00XINP12

0.0 2.,2258-4 R3(0.0) 1.4821-3 R3(0.0)

ODXINPOY
ODXINPIC
ODXINP11

7.8311%4 R3(D.0) 2.8569-4 R2(0,0) T DELAY NEUT YIELD SPECTRUM FOR U=23TODXINP13
0.0 2,2258=4 R3I(0.0) 148213 R3(0.0) 1.3341=3 R3(0.0) 2.6784=-3 R3I(0.0)0DXINP14
7.8311%4 R3(0.0) 2.8569=4 R2(0.,0} T DELAY NEUT YIELD SPECTRUM FOR U=23B0DXINP1S

2 R2(1r R2(2) R6(1) 2 Ru(1) T

FILE PRINT CONTROLS

PRNCNTO1

3 R1044) 1 Ra4l(4) T CARD INPUT FILE CONTROLS INPCNTO2

® ADMNSTR FILE FOR 4-GROUP 1DX CALCULATICN ® S38 4 T ADMNSTR2
* DX 4=GROUP REGULAR PROBLEM USING MULTIGRP FROM PREVIOUS CALC *0DXIN 01}

2 3 Ra(0) S RS(0) TV TITLE AND CONTROL PARAMETERS ODXIN 02

R2(1,0r T BUCKLING MODIFIERS ODXIN 03

The next input card, PRNCNTOl, instructs the
PRN module to print the four files created in the
preceding call to INP. This printed output is
shown on the following pages. The next element in
the path, ODX, causes the 1LCX code to be loaded and
executed. 1DX reads the four interface files avail-
able at this point and also the ETOX cross-section
library. The ETOX library is expected on logical
unit 46, which is the logical unit number for the
output library from the ETOX code. 1DX performs
the 26-group flux calculation and group collapse
specified by the interface-data files. New files
created by 1DX at this point are GRP FLXS and
INTQUANT for the 26-group structure, MULTIGRP con-

235U, 238U, and Fe in the coll-psed and

taining

resonance-shielded 4~group structure, and ZONEDENS.
Execution of the second call to INP sets up

the ADMNSTR and ODX INPT files for repetition of the

1DX flux calculatior using the MULTIGRP file created
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in the previous ODX call. Input card INPCiTO2 in-~
structs the INP module to overlay the existing
ADMNSTR file with card ADMNSTR2 and to create a new
ODX INPT file from cards ODXINOL through ODXINO3.
Note that only the title and parameter IGM are
changed in the ADMNSTR file.

input for the ODX INPT file is comnsiderably shorter

Note also that the

when cross sections are read from the MULTIGRP file
and no group collapsing 1s to be done.

In the second call to ODX, the 4-group flux cal-
culation is performed by 1DX. New files created by
1DX at this point are GRP FLXS and INTQUANT for the
4-group structure. Finally, all the current inter-
face files are copled onto a magnetic tape in the
call to FL1. The user must assign the tape to logi-
cal unit 50 by a control cerd. This tape 1s used in

Sample Problem 3 to continue the calculations.



SHADMINISTRATION FlLE®®

OUTPUT FROM PRN MODULE--SAMPLE PROBLEM 2

FILE 51

“¢ADMINISTRATION AND CONTROL PARAMETERS®#

ADMNSTR FILE FOR 26~GROUP 1DX CALCULATION

1A01
IAl1l
1A02
1A03
IAOG
16E
1ZM
M

JM

KM
I1BK
IEVT
EV
EVM
EPS
TEMP]
TEMP2
TEMPI
TEMP4
TEMPS
1801
1802
1863
1B04
1805
1806
MO7
IFXT
S01
MT
MOl
MCR
MSF
12

JZ

L ¥4
I1s¢2
503
IGM
M06
1005
1007
605
606
ALAL
ALAN
POD
EPSA
XFAC

1/2/3=DIMENSION - -
TYPE, 0=DIFFUSIONys 1=TRANSPORT ewea=
THEORY, O=REGULARs 1=ADJOINT <ececce.
ANISOTROPIC SC!TTERING ORDER =wesva-
ORDER OF SN APPROXIMATION ==v-eccesce
0/172/73/67778/9/11/12/13=GEOMETRY ===
NUMBER OF ZONES
NUMBER OF 1ST DIMENSION INTERVALS==-
NUMBER OF 2ND DIMENSION INTERVALSe~-
NUMBER OF 3RD DIMENSION INTERVALS~-=-

NUMBER OF BUCKLING SETS =reweceecccc.
0/1/7273/4/5/76 = EIGENVALUE TYPE ~=ee
EIGENVALUE GUESS - -

EIGENVALUE MODIFIER =eee-ecmecececs
CONVERGENCE CRITERION ee=me-cmmc-w-
UNDEF INED, +rowesccecccrceccrccncens

UNDEF INED, <=~ - - -—
UNDEFINED, e=sememcccrccrecccrravenea
UNDEF INEDs = - -

UNDEF INED. =~ -
=1/0/1/2/73/4 = LEFT BORY CONOITION
=1/0/71/72/374 = RIGHT BDRY CONDITION
-1/70/1/72/73/4 = TOP BODRY CONDITION
-1/0/1/72/3/% = BOTTOM 8DRY CONDITION
=1/70/1/72/73/4 = FRONT BORY CONDITION
-1/0/1/72/73/4 = BACK BORY CONDITION

0/1/2/3/%/5 = FLUX INPUT OPT]ON e==-
NEGATIVE SOURCE CHECKs 0=NOsi=YES ==
SOURCE NORMALIZATION FACTOR <~ececocse-

NUMBER OF MATERIALS.,
NUMRER OF MATERIAL SPECIFICATIONS==-
NUMBER OF ISOTOPE XS SETS FROM CARDS
NUMBER OF ISOTOPE XS SETS FROM TAPE-
NUMBER OF 1ST DIMENSION ZONE MODFYRS
NUMBER OF 2ND DIMENSION ZONE MODFYRS
NUMBER OF 3RD DIMENSION ZONE MODFYRS
PARAMETRIC EIGENVALUE TYPE e=eccwces
PARAMETRIC EIGENVALUE,

NUMBER OF ENERGY GROUPS, =ecvcecccea
0/1/72/73/4/75/6 = SOURCE INPUT OPTION-
MAXIMUM NUMBER OF OUTER ITERATIONS--
MAXIMUM NUMBER OF INNER ITERATIONS«-
NEUTRON BALANCE TEST. G=NO+GOS=LIMIT
POINTWISE FLUX TESTs 0=NO+sGO6=LIMIT~
LAMDA LOWER LIMIT ~- -
LAMDA UPPER LIMIT
NEW PARAMETEIR MUDIFlER ~e~ereccceces
CONVe CRITERION-CRIT. SEARCHES, ===

EXTRAPOLATION FACTOR, ~scecmeccccccca

un
e e O NN HO DS -

0.
0.
+10000€-03
0.
0.
0.
0.
Q.

——_—O0D0O O -

«10000E+0

0.

N
O ococowomul

30

10
+10000E-03
«10000E-02
+10000E-01
«50000€+00
+«10000E+01
«10G00E~02
+«10000E+01
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70

#sGEOMETRY AND MATERIAL DISTRIBUTIONS FILE®®

VOE~NFUNH WN -

MATERIAL NUMBERS

BOUNDJARIES
1ST DIMENSN

0
9,88000E-01
1.97600E+00
2.96400E+00
3.95200£+00
4.94C00E+00
5.92800E+00
F_21600E+00
7.90400E+00
8,89200E+00
9,.88000E+00
1.08680E+01
1.18560E+01
1.28440E+01
1.383206E+01
1.4L200E+01
1.568080E+01
1.,67960E+01

ZONE

ZONE NUMBERS

GROUP AND ZONE INDEPENDENT BUCKLING=

INTVL/ZONE

Pt bt Dt Dt Bt B b e b s
VRENCONL W IO VO®~NO UL WA -

NNNN NN
NEWN=O

St bt Bt bt b Gt pd Gt et Bt s Pt Pt st et Pt Gt Gt Pt Pt bt b Bkt Pt Pt

19
20
21
22
23
24

26
27
28

30
31
32
33
34
35
36

BOUNDARIES
1ST DIMENSN

1.77840E+01
1.87720E+01
1.97600E+01
2.074B0E+01
2417360E+01
2.27240E+01
2.37120E+01
2.47000E+013
2.56880E+01
2.66760E+01
2.76640E+01
2.86520E+01
2.96400E+01
3.13680E+01
3.30960E+01
3.48240E+01
3.65520E+01
3.,82800E+01

MATERIAL NO.

26
e?
28
29
30
31
32
33
34
35
36
37

29
40
41

43
L2

46
47
48

50

FILE 53

«19579E=-02

NN NNNNNNNN NN NN NN A DD N = o

BOUNDARIES
1ST DIMENSN

4,00080E+01
4.17360E+01
4434640E+01
4.51920E+01
4.69200E+01
4.86480E+01
5.03760E+01
5.21040€+01
5.38320€E+01
5455600E+01
5.72880E+01
5.90160E+01
6.07440E+01
6.24720E+01
6.42000E+01



*eMIXTURE DATA FILE®#®

FILE S6

MIXTURE SPECIFICATIONS

MIX NUMBERS MIX COMMAND MIX DENSITY
-0

1 4 ¢

2 4 3 4.,56700€£~03
3 4 2 3.43920E-02
4 4 3 7.16700E-03
S S 0 0

-] 5 1 8.90000€E-05
7 S 2 4,00250¢=02
8 S 3 6.12100E=03

ISOTOPE NUMBERS

#2ONEDX INPUT FILE®®

1
2
3

1SOTOPE NO,

1
2
3

FILE 62

TITLE AND CONTROL PARAMETERS
10X 26%GROUP REGULAR FROBLEM USING ETOX LIBRARY TAPE

MAXTY MAX RUNNING TIME (MIN) ==

NXCM NUMBER OF DOWNSCATTER GROUPS e~eeccewemercsee
NPRT PRINT, 0/1/22N0O X=SEC OR FL/NO IN X=SEC/FULL
NRCF NUMRER OF MIXES USED IN GENERATING X-SECTIONS
NIFF NOes SPECTRUM ITERATIONS~-ELASTIC DOWNSCATTER =~
MMO1 NO, MIX SPECS-~RESONANCE SHIELDED X-SECTIONS -
NCR NUMBER COLLAPSED GROUPS

NTR 0/1=NORMA_1ZED/RECIPROCAL WGT, SIGMA TRANSPT
NFGM NUMBER COLLAPSED MATERIALS ~eoecccesmcescocces
IPUN 0/1=PRINT COLLAPSEQ XSECS/N0 eecacreccrmccces
MULT1 0/1=READ MULTIGRP/READ PERTURBED MULTIGRP ==
MULT2 0/3=WRITE MULTIGRP/WRITE PERTURBED MULTIGRP =

BUCKL ING MODIFIERS

1
i
2

FISSION FRACTIONS AND VELOCITIES

GROUP

Bd
COO®NRA L W~

11
12
13

MODIF IERS

«10000E+0}
+10000E+0)

FISSION FISSION
FRACTION VELOCITY GROUP FRACTION VELOCITY
2.17500E-02 1.00000E+00 14 5,00000E=04 [.,00000£+00
9.99400E~02 1.00000E+00 $S 2.,40000E-04 1,000005+00
1.97460E~01 1.00000E+00 $6 1.10000€E=-04 1.00000€+00
2.26880E«01 1,00000E+00 $7 5.00000€=-05 1.00000€+00
1.85220E-01 1.00000E+00 $8 3.00000E-05 1.00000€+00
1.,22280E-01 1.,00000E+«00 19 2.00000E-05 1.00000E+00
7.08500E-02 1.00000E+00 29 0 1.00000E+00
3,78900E=02 1.00000E+00 21 0 1.,00700E+00
1.930005<02 1.00000E+00 a2 0 1.,00000£+00
9.55000E-03 1.00900E+00 23 0 1,00000€+00
4.64000E~03 1.00000E+00 24 0 1,00000E+00
24+23000E~03 1.00000E¢00 25 0 1,00000E+00
1.06000E=03 1.00000E+00 26 0 1.00000E+00

OO0 WO LrPOmOON
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XSEC COLLAPSING SPECIFICATIONS

INCLUDES NUMBER OF FINE GROUPS IN ITH BROAD GROUP,
I.D. NUMBER OF ITH MATERIAL TO BE COLLAPSEDsAND
ZONE NN§ OF FLUX FOR COLLAPSING ITH MATERIAL.

T NO. FINE GRPS  MAT [.D. ZONE NOS.
1 6 1 1
2 6 2 1
3 6 3 1
4 6

RESONANCE SHIELNING SPECIFICATIONS

INCLUDES ZONE NO. OF FLUXES FOR ELASTIC DOWNSCATTER ITERATIONS FOR ITH MIXs

ITH MIX HETEROGENEITY CONSTANT

MIX COMMANDS CONTAINING ADSOLUTE REFERENCES TO ISOTOPES USED IN FORMING RESONANT MIXTURES
(SEE BNWL=9544UC=32),

TEMPERATURES OF NUCLIDES IN MIX COMMAND TABLEs

0/13FUEL/MODERATNR DESIGNATION FOR MIX COMMAND TABLEs

LETHARGY WIDTH BY GROUP

T ZONE NOS.,  HET CONST  MIX COMMAND TEMPERATURE  FUEL/MOD LETHARGY WDTH
1 1 1.00000E+00 0 3.,00060E+02 0 5400000E~0}
2 1 3.00000E «02 0 5.00000E~01
3 2 3.00000E+02 0 5.00000E~01
% 3 3.00000E+02 0 5.00000E~01
5 S.00000E~01
6 5.00000E~04
7 5.00000E~01
8 5400000E~01
9 5.00000E~01
10 5.00000E~01
13 5.00000E-01
12 5,00000E~01
3 5.,00000€~01
14 5.00000E-01
15 5.00000E~0?
16 5.00000E-01
17 5.,00000E~0}
18 5.00000E-01
19 5400000E~01
20 5.,00000E~21
el 5,00000E=-01
22 5,00000E-01
23 5.00000E-03
24 S.00000E~-01
25 5.00000E~01
26 5.00000E~01
DATA NEEDED FOR WRITING COLLAPSED MULTIGRP FILE
(SEE DESCRIPTION OF MULTIGRP FILE)
NFAM= 6§
1 ISOWME AWR DCA EFIS ECAP TDC 1ZAS KBR ICHI
1U-235  .23302E+03 0. «31000E=I0 0. «27000E402 94350 1 -1
2u=238  L23600E+03 2. «31003E-10 0, <27000E402 94380 2 -l
3FE .S5370E+02 0. 0. 0. <27000E+02 26558 4 0

DECAY CONSTANTS (1/SEC) BY DELAYED NEUTRON FAMILY
1.24000E-02
3.05000€E-02
1.11000E~-01
3.01000e~01
1+14000E+00
3,01000€+00

DU D W
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DELAYED NEUTRON SPECTRUM FOR U~235

FAMLY GRP 1 GRP 2
1 0. 2422580E~04
2 0e 1.482]10E~02
3 0. 1.33410E~03
4 O 2.673‘00E"03
5 Oe 7.83110E~04
6 0. 24.85690E~04

DELAYED NEUTRON SPECTRUM FOR U=-238

FAMLY GRP i GRP e
1 0 2.,22580E-04
2 [ 1.,48210E=-903
3 0. 1,33410E=-03
4 0o 2467840E-03
S O 7.83110E=-04
6 Oe 21:85690E-04

Sample Prublem 3. Some of the interface files

raved on magnetic tape in Sample Problem 2 are used

in ANISN to cbtain regular and adjoint flux solu-

tions in S4 approximution. The angular fluxes from

ANISN are then used ir a DAC perturbation
tion. Card input for this sample problem
below. The first two cards, DRIVEROL and

calcula-
is given
DRIVERO2,

instruct the DRIVER prcgram to execute the path

(FLO INP PRN ANI INP ANX DAC).

In the call to FLO, the interface files on the

magnetic tape are copied to separate disk

files.

GRP 3 GRP 4
o. o.
o. o.
Ce 0.
Co 0.
o. 00
00 00
GRP 3 GRP 4
o. o.
0, 0.
0. 0.
0. 0.
o. 00
o. o.

The user must assign the magnetic tape to logical
unit 49. The next input card, INPCNTOl, instructs
the INP module to overlay the ADMNSTR file with in-
put card ADMNSTOlL and to create the SN CONS, ANI
INPT, and DAC INPT files from cards labeled SNCONSOl
through SNCONS04, ANISNO1 through ANISNO3, and
DACINPOl through DACINP06, respectively. Note that
the only modification to the ADMNSTR file 1s in the
title aud in the diffusion/transport theory flag
{IA11).

CARD INPUT FOR 3AMPLE PROBLEM 3

7 T MNUMBER OF PATH ELEMENTS DRIVERO1
®FLO INP FRN anl INP ANI DACH®# T PATH DRIVERO2
3 1 RP10(4) 1 R2(4) 1 T INPUT FILE CONTROLS (FIRST INP CALL) INPCNTO1
@ ADMNSTk FILF FOR 4-GFUUP 5S¢ ANISN CALCULATION # 51 1 T ADMNSTO1
“0,47140% =N.333333 0.333333 -0.942809% «0.881917 -0.333333 SNCOMSO01
0.333333 (L.8R1917 T MU UIRECTIUNS SNCONS02
RB(N.0? T ETA DIRECTIUNS SNCOMS03
0.0 R?2(0,166667) el R&(0.16666T) T WETOAHRTS SNCONSO04

® ANISN S4 6=GP REGULAR FRUBLEM USING FILES SAVeD IN SAMPLE PROBLEM 2 #ANISN 01

1 3 4 7 RI1(0) 0.0 U5 T ANISN CONTROL FPARAMETERS ANISN 02
R30(1,0) R20(0,0) T FISSION GUESS ANISN 03
1 1 0 3 2 1 T DAC CONTROL PARAMETERS ’ DACINPO1
1 # 2 T PERTURRATIUN CASE DATA DACINPO2
PRI =20(2) 1 DACINPO3
4 S5 Pa(e) wRa(d) 0 1 ¢ 3 0 1 2 3 0.0 6,567=3 3.,4392=2 DACINPO4
7a167T=1 0.0 H.9=85 4.0025=2 64121=3 T DACINPOS
0.0 5,4806~3 3,4332=2 1.167=3 0,0 8,9=5 4,0025=2 ©6,121-3 T DACINPO6
F2(2) RS(1) 2 R&(l) 72 R2{1) 2 T FILE PRINT CONTROLS PRNCNTO1
3 RIS(4) [ INPUT FILE CONTROL> (SECOND INP CALL) INPCNTO2
S10 1 T RESET 1A02 FuN ADJOINT CALCULATION ADMNSTO02
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Input card PRNCNTOl instructs the PRN module this point, only the regular/adjcint flag (IAC2) is

to print the ADMNSTR, SN CONS, MULTIGRP, ANI INPT, changed. 1In the second call to ANI, ANISN performs

and DAC INPT files. Output from the PRN module, the adjoint calculation and creates the ADJ FLXS

except for the ADMNSTR file, is shown below. file and a nsw INTQUANT file.
Execution of the next path element, ANI, causes The last path element causes the DAC code to

the ANISN code tc be loaded and executed. ANISN be loaded and executed.
tion calculation specified by the DAC INPT file

usZng the current versions of the ADMNSTR, GEO DIST,
GRP FLXS, ADJ FLXS, INTQUANT, MIX DATA, and MULTIGRP

DAC performs the perturba-

performs the regular flux calculation and creates
new GR? FLXS and INTQUANT files. The next input
card, INPCNT0Z2, instructs the INP module to over-
lay the ADMNSTR file with input card ADMNSTO2. At files. In this example, the perturbation is a 20%

increase in the 235U atom density in the core.

OUTPUT FROM PRN MODULE--SAMPLE PROBLEM 3

#<SN CONSTANTS FILE#® FILE S2

M WEIGHT MU

0 -4471405€-01
1.66067E~01 ~3,33333E-01
1,66667E-01 3.33333k-01

0 -9,42809e~01
1.66667€-01 =B8,81917E~01
1.66667E=-01 =-3,33333t~-01
1.66667€=u1 3.33333E~01
1.666675=01 8.,81917e~01

Q@ TFTNE WD) =
T ~NTUEWN >

b
J
i
{
|
P

##REFERENCE MULTIOGROUP FILE®® FILE 57

: FILE TITLE
] CROSS ZECTIONS FROM iDX (STANDARD FILE MULTIGRP}

FILE PARAMFTERS

NISO NUMBER OF ISOTOPES. ==r=cercscececaa- 3
NEG NUMBER OF GROUPS, 4
NF AM NUMBER OF DELAYED NEUTRON FAMILIES. 6
NBON BONDARENKO DATA GIVEN. 1=YFSs0=NO. 0
MAXUP NUMBER OF UPSCATTEK GROUPS, =e=ecas 0
MAXDN NUMBER OF DOWNSCATTER GROUPS, ==ew= 3
MSEC SECONDARY X=-SECTNS CIVENe I=YES+G=NO 0
MORD NUMSER OF SCATTERING TABLES. w=ew=ea !
MBINT NUMBER OF SIGMAPO VALUES: = ~eeecwew 0
MBTEM NUMBER OF TEMPERATURES, ==e=ccecccaa 0
ISsL SCATTERING TABLE LENGTHs ===scccacee 4
iHM CROSS~SECTION TABLE LENGTHe ~eeccee= 11

ISOTOPE IDENTIFICATION

NUMBER MN&ME TEMPERATURE INDEX
1 u=-235 «27000E-02 1
2 1-238 227000E+02 1
3 FE «27000E+02 1

GROUP STRUCTUKRF .
FNERGY LIMITS _LETHARGILES 1/VELOCITY AV ENERGY FISSN SPECTR
1 1.0000VE+07 [} 3.14014E-10 5.24894E+06 8,53530E-01
4.97871E405 3.00000£+00 1.40731€~09 2.61329E+05 1,44460E=01
f.g;ﬂ;gséog 6e00000E+U0 6.30715E~09 1,30108E+04 ]1,99000€E~03
«23410E«0 9.00000E+00 2.82667E=08 6,47770E+02 0 -
6.144621€+01 1.20000€+01 2+00000€-05

Nowmn
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DFLAYED NEUTRON DECAY CONSTANTS

DELAY GRPGUP DECAY CONSTANT
«12400E-01
«30500€6~01
«11100£¢00°
«30100E+00
e11400r 01
<30100E 01

NP W

DELAYED NEUTRON SPECTRUM

P GRP  DGRP 1 D6RP 2 DGRP 3 DGRP & DGRP S5  DGRP &
1 0. 0. 0. 0. 0. 0.
2 1.00000E+00 1,00000:5+00 1,03000E+00 1,00000E+00 1,00000E+00 1,00000E+00

3T0o 4 0. 0. 0. Ue 0. 0.
DELAYED NEUTRON ABUNDANCES
D GRP 150 1 1so0 2 I1so 3
1 P.22580E=04 2,22580E-04 O,
2 1.48210E-03 1,48210€-03 o0,
3 1933610E~03  1.33410E-03 0,
A 2.67840E-03 2,67840E-03 0,
5 7.83110E=04 7,83110E=-04 0,
6 2.85690E-064 2.85690£=04 0,
*1SOTOPE DATA BY iSOTOPE
1S0TOPE 1
TSOTOPE PARAMETERS
1S01D ISOTOPE NUMBER === 1
ISONME  ISOTOPE NAME u-2135
TDC TEMFERATURE «27000E702
IRZM MEDIUM INCEX 1
1ZAS =100009Z+}0#A+S =mecevorccccacarccan 94350
AWR ATOMIC WEIGHT ===~ 1+23302E+03
EFIS FISSION ENERGY === «31000E=10
ECAP CAPTURE ENERGY ~ 0.
DCA DECAY CONSTANT == 0.
KBR MATERIAL TYPE FLAG 1
ICHI FISSION FLAG -1
LIN SCATTERING ORDEWs INELASTIC. ====== 1
LFL SCATTERING ORDERs ELASTIC, ===—==== 0
LN2N SCATTERING OKDERINZN ==-==-ca-ceecas 0
JSXL SECONDARY XS-LOWEST GROUP =-==-= ———— 0
JSXH SECONDARY XS=KIGHEST GROUP =se—=m=cw 0
JDNL DELAYED SPECTRUM=LOWEST GROUP ====== 1
JONH DELAYED SPECTRUM=HIGHEST GROUP ==ww== 4
NBINT  NUMBER OF SIGPO VALUES =====s==o~eeee 0
NBTEM  NUMBER OF TEMPERATURES =r=—=semew=cs r
PRINCIFAL CROSS=~SECTIONS
POSIT10N 1 2 3 4 5 6 7
CROSS-SECTION  TOTAL A5S0RSTION FISSION NU=-F15SION TRANSPORT N2N FISSION=FRACTION
POSN 6RP 1 GRP 2 GRP 3 GRP 4
1 Se03607E*00 B.60212E400 1,46333E+01 2.38250E+01
2 2.66544E900  3,34217E400 6,44198E400 2,30579E+01
3 1.18451£400 1,4905BE400 2,75076E+00 9,33568E+00
4 3405474E400  3,66389E+400 6,66963E+00 2,26204E+01
5 5¢03407E+00 B.60212E400 1,46333E401 2,38250E+01
6 T0 7 0. 0. 0. 0.




TOTAL SCATTERING CROSS~-SECTIONS, ORDER 1

76

POSN GRP 1 GRP 2 GRP 3 GRP 4
1 3.1738B6E+0C 6,73315E+00 1.09419t+01 1,01027E+01
2 0. Se77974E-01 1.73726E-02 1,.63931E-04
3 O 0. 1,30278E-03 9,24544E=06
4 Oe 0. 0. 0o
INELASTIC SCATTERING CROSS~SECTIONSs ORDER 1
POSN GRP 1 GRP 2 GRP 3 GRP 4
1 3.17366E400 6,73315E+00 1.09419E«01 1.,01027E+01
2 0. 5.77974E=01 1.737268-02 1,63931E=04
3 0. 0. 1.30278E<-03 9,24544E~-06
4 0. 0. 0. 0.
ISOTOPE 2
ISOTOPE PARAMETYERS
1S01D ISOTOPE NUMBER <=-=-cac—ccc—amacea- 2
ISONME ISOTORPE NAME ===~ - u-238
TDC TEMPERATURE ====—-=—=me-=.cccaac=ae  ,27000E+02
IRZM MEDIUM INDEX =es=s=cccecceacoacoao— H
1745 =1000027+]10RA+S =eomrecmemccccnmaccan 94380
AWR ATOMIC WEIGHT =m=m——ccececccamec—as  ,23600E+03
EFIS FISSION ENERGY =====smcmceemccccece  ,31000E-10
ECAP CAPTURE ENERGY =~=e==cmcecscemcace-—— 0,
DCA DECAY CONSTANT =eeesecemccece—cmmas 0,
KBR MATERIAL TYPE FLAG ==mmo=ceccmccca- 2
ICHI FISSION FLAG ===wv==e—ceececcoceocan- -1
LIN SCATTERING ORDEKs INELASIIC, =e=cew 1
LEL SCATTERING ORDEKe ELASTIC, wweoneca= 0
L.N2N SCATTERING ORDERSNZN w=ecececcvescas 0
JSXL SECONDARY XS=LOWEST GROUP ===eccewc=a. 0
JSXH SECONDARY XS=-HIGHEST GROUP ~=we-eeaw 0
JONL DELAYED SPECTRUM~LOWEST GROUP eec—e=- 1
JDNH DELAYED SPECTRUM=HIGHEST GROUP e==w=- 4
NBINT NUMBER OF SIGPO VALUES e=wecccececsccs 0
NBTEM NUMBER OF TEMPERATURES «recrccemccc-- 0
PRINCIPAL CROSS-SECTIONS
POSITION 1 2 3 L 5 6 7
CROSS-SECTION TUOTAL AJSORBTION FISSION NU-FISSION TRANSPORT N2N FISSION-FRACTION
POSN GRP 1 OGRP 2 GRF 3 GRP 4
1 5.24866E+00 B,96179E+00 1,20974E+01 9,89575€+00
2 3.87129E-01 1.88941E=01 S5,23039E-01 7.34704E-01
3 1:3999SE~01 O« 0. 0.
4 3.89284E£-01 0. 0. o.
5 5.265€6E+00 8.96179€+400 1.,20974E+01 9.89575E+00
5 TO 7 0o e 0. 0.
TOTAL SCATTERING CROSS~SECTIONSe URDER. )
POSN ORP 1 GRP 2 GRP 3 GRP 4
1 4.19103E+00 B,7548NE+00 1,157428+0) 9,16105E+00
2 0. 8.07098E~01 1,80550E-02 1.35%627E-04
3 [V Ve 3.39506E-03 0.
4 Oe 0. 0. 0.



:

INELASTIC SCATTERING CROUSH=SECTIONSs ORDER 1

POSM GRP 1 GRP 2 GRP 3 GRP 4
1 6¢19103E+00 8.75480E+00 1415742E+01 9.16105E+00
2 De 8,0709RfE~01 1.80550E~02 1.35627€E=-04
3 0. Oe 3.39506E~03 [V IS
& Oe [ (VS )Y
ISOTOPE 3
ISOTOPE PARAMETERS
ISOID  ISOTOPE NUMBER ==s=e=ecr=scececeece- 3
ISONME  1SOTOPE NAME ee<-sm-eccomccccmcmereo VE
T0C TEMPERATURE =mmee--scecceccaccneces  ,27000E+02
IRZM MEDIUM INDEX ==c=ewsccemecccmcmacan 1
1ZaS 2100008Z+10#A+S ~===secmmvescccamnac 26558
AWR ATOMIC WEIGHT ~mme=vecemcccceceseses ,55370£402
EFIS FISSION tNERGY ====scaces=cccmmecac 0,
ECAP CAPTURE ENERGY e===scewrctccccccccea (.
DCA DECAY CONSTANT ~===cecarcccsccswe=s= (),
KBR MATERIAL TYPE FLAG ~ewemeocceccccwas 4
ICHI FISSION FLAG ewn=e-scescreccocccc~s 0
LIN SCATTERING OKDERes INELASTICe ==w==== 1
LEL SCATTERING ORDExe ELASTICe =~=veece- 0
LNZN SCATTERING OKDERWNEN wes=—cccecceccca- 0
JSXL SECONDARY XS~LOWEST GROUP =srmceneca 0
JSXH SECONDARY XS=HIGHEST GROUP ~ewm—=ca- 0
JONL DELAYED SPECTRUM=ILOWEST GROUP eee=ea 1
JONH DELAYED SPECTRUM=HIGHEST GROUP e—==w= 4
NBINT NUMBER OF SIGPO VALUES ==secccac—c-- 0
NBTEM NUMRER OF TEMPERATURES ==ewse-eccee«- 0
PRINCIPAL CROSS~SECTIONS
POSITION 1 2 3 o 5 6
CROSS=SECTION TOTAL ABSORBTION FISSION NU=FISSION TRANSPORT N2N FISSION=FRACTION
POSN OGRP 1 GRP 2 GRP 3 GRP 4
1 2e17940E+00 3,77882E+00 2.29673t+00 3,21855E+00
2 6.18155E~03 1,02199E~02 2,23880E~02 1,49746E-01
3 710 4 Q. 0. O 0.
5 2¢17940E+00 3,77HBPE+00 2,29673E+00 3,21855E+00
6 T0 7 0. Oe 0. .
TOTAL SCATTERING CROSS-SECTIONS, ORDER 1
POSN GRP 1 GRP 2 GRP 3 GRP 4
1 1.98985E+00 3.72476E+00 2.27419E+00 3,0688CE+00
2 0. 1.83111E=01 4,38451E-02 1,61491E~04
3 0. Oe 2.,56202t~-04 O,
4 0. Oe O 0.
INELASTIC SCATTERING CROSS-SECTIONSe ORDER 1
PQOSN GRP 1 GrP 2 GRP 3 GRP 4
] 1.98985E+00 3.72476E+00 2.27419E+00 3.06880E+00
4 0. 1.83111E=01 4.38451E=02 1.61491E-04
3 0. Oe 2.56202E~04 0.
4 0. 0o 0. 0.
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==ANISN INPUT FILE== FILE 63

#2ANISN CONTROL PARAMETERSH®
ANISN S& 4-GP REGULAR PROBLEM USING FILES SAVED IN SAMPLE PROBLEM 2

10 PRORLEM 1D NUMBER ewvwecsvccececa 1
IHT XSEC TARLE POSN=SIGMA TOTAL ==== 3
IHS XSEC TABLE POSN=S10MA SELF SCATT L
ITHM XSEC TABLE LENGTH eeccccvoeccaa- 7
IDFM 170=DENSITY FACTORS USEN/NQO === 0
IPM IM/1/0=SHL SRC-E+GeA/OeA ONLY/NO ¢
IPP INTRVL WITH SHL SRC IF IPM=] ==~ 0
ID1 170= PRINT ANGULAR FLUX/NO ===~ 0
103 N/0=N ACTIVIYS BY ZONE/NO ACTVTYS 0
IDo 1/70=N ACTVTYS BY INT (N=1D3)/NO 0
IDAT2 17/0=DIFF FOR GIVEN GPS/NO0 w====- 0
IFG 1/70=COLLAPSE X=SECTIONS/NO <=-- 0
IFLY 0/1/72=NEG FLX FXUP-MIXD/LIN/STEP 0
IFN 1/0=FLUX GUESS/FISSION GUESS ~- 0
IPRY 0/1=PRINT X=SECTIONS/NO ~-eem=w 0
DFM1 TRNSVRS D1R=VOID STRMG CORR, == (0.

RYF NORMALLY 0.5. EPS/RYF=5CAT.CONV, «S0000E+00

FISSION GUESS

INTERVAL GUESS INTERVAL GUESS
1 +»10000E+01 26 «10000E+01}
2 «10000E+01 27 «10000E+01
3 «10000E+01 28 «10000E+01
4 +10000E+01 29 «10000E+01
5 «10000E+01 30 «10000E+01
6 »10000E+01 . 31 0.
7 «10000€+01 32 0.
8 «10000E+D1 33 0.
9 +10600C4+01 34 0.
10 «10000E+01 3s Oe
11 «10000E+01 36 0.
12 «10000€E+01 37 0.
13 «10000E+01 38 0o
is «10000E+01 39 0.
15 «10000E+01 40 0.
16 «10000E+01 41 0o
17 «10000£401 62 0,
18 «10000E+01 43 0.
19 «10000£+01 44 0.
20 «10000E+01 4S 0.
21 «10000E+01 46 0.
22 «10000E+0] 47 0.
23 «10000E+01 48 0.
24 «10000E+01 49 0.

25 «10000E+01 50 0.



#2DAC INPUT FILE#%

CONTROL PARAMETERS

ITe
101
MAXLP
MAXLD
NF [
NCAS

MLTGRP FILE.

FILE 66

1/2=READ REF ONLY/READ REFPERT

1/70=USE ANG FLUX/USE TOT FLUX AND CURRENT w=

MAX NO, UPSCATTER GROUPS.
MAX NO, DOWNSCATTER GROUPS,.

NO. FISSION ISOTOPES
NO. PERTURBATION CASES

PERTURBATION CASE 1

PARAMETERS

1TeP
NPM
NPR

PERTURRATION MIXTURE SPECIFICATIONS

DN DL N —

TYPE PERT,

NO. PERT.

1/72/3=DENSITY/X=SEC/BOTH
NO, PERT, MIX SPECIFICATIONS

ZONES

PERTURBATION ZONE NUMBERS

1D/2D

—
QUL NN P WN -

11
12
13
la
15
16
17
18
19
20
21
22
23
24
25

MAT NO./ZONE
4
S

1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

MIX NUMBERS MIX COMMANDS

[V VAN T L0 S P A 3

WhroSwWhn~o

N-’\JNNNNNNNNNNNNNN’\)NN"\;-—-—.—-—-— o—-

DENSITIES
0

4.56700E-03
3,43920£~02
7.16700€£-03
0
8.90000E-05
44,00250E~02
6412100E~03

= NWO =

N o=

PT DENSITIES
0
S.48040E~03
3.43920E~02
7.16700E~03
0
8.90000E-05
4.,00750E~02
6.12100E-03
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Sample Problem 4. In this problem, the dif- The first call to INP in run 1 is used to read

fusion option of DOT2DB is invoked to obtain regu- the input shown below. This input creates the files
lar and adjoint flux files that are then input to ADMNSTR, SN CONS, GEO DIST, MIX DATA, GRP FLXS,

DAC to compute the reactivity of a core fuel den- MULTIGRP, and DOT INPT for use in the first DOT call
sity perturbation. The model used is a 4-group, to calculate the regular case. In additiom, the

finite cylinder containing core and blanket regionms. input creagtes an ADJ FLXS flle that serves as a

The calculations are performed in two runs. flux guess for the second DOT call and creates a

In run 1, the path DAC INPT file that defines the perturbation speci-

*INP DOT INP DOT FL1* T PATH fications for eventual input to DAC.

is executed, and, in run 2, the path
*FLO DAC* T PATH

is executed.

OUTPUT FROM FIRST INF CALL--SAMPLE PROBLEM 4
(Lines labeled on the far right by CARD and an integer are card images.)

eao0oSTANDARD FILE CARU InrUlwewsn

FILE CONTROL

1 1 &4 1 1 1 1 I 4 « & 4 o 1 &« ) T INP FlLe CONTRL CARD I
TREAD 1/2/3/74=R€20 FILE r=uM CaxD>/STANDAKD FILE/oOT~A/S5KIP FILE

FILE NMAME 1°0LAD
ADMNSTR,

SN CONS

INTQUANT

Ge.D D187

MTa DATA

GRP FLXS (~xEhHuLar)
GRP FLsS (4 Jd0inNT)
MULTIGRP (REFrfbNCe)
MULTIRE? (D= 2Tuxben))
ZONE NENS

E1X INFT

onx INET

ANT INFT

DOT INPT

CLR InNET

Das INEeT

—_ e L P DDt P o

#EADMINTSTRATINN Fl o=

FILES=INPUT= Qe OUT20T= 91

ADMNSTR DATA

o IDX SAMPLE POOsLEM FOM U CHECY UF UJTeUD. “ CARD 1
FDIMaTYO I« T=EOPYaaC AT o3 e st liiauNtn® 2 0 4 0 o 7 & EMESHS 15 15 ] CARD 2
SRUCK 5V TYPE aZymalnyv:z 1 L lan el lev=0t FTGNUREFRS5(UL0) CARU 3
SEHCSE 1 Ny 1 D oo AL elbZlestlE 31 1,0 pvTeMDLeMIReMAFD 11 11 0 9 CARD 4
SZONF MADST w3{C) --ie c¥h 4 dal dNASH & 3SOURCE UPY (0 CARD 5
SCOMY SPFCS390 10 M40 bab Gl 262 lal 0.0 Gou T CAarD 6
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285N CONSTANTS FLEee

FILES=TNPUT=E e LUTRUI= 2

MU CIRECTHNS
“eGLPROGA = BHIGL17 =,33354333 ,3333333 861917 =.06/14060 =43333333

+3333333 =,962R093 =, Mnlv]lT =,3333333 3333348 881917 ~,4716045
-,3333333 ,3333333 71

ETA DIRFCTNS

RF5(=¢3333331) P3(=,BBlYLT) <5(.3333243) K3 8b61917) T

WEIGHTS
P2(0.0eR6(,08333332)+0,0eR2(0,08333%332)) T

*eGEOMETRY AND MATERTAL UIsTrlBuTIONS FILE®e
FILES=INPUT= 0« QUTAULT= o3
1 DIM RDAYS
0.0 19(60,0) 1a4(30.,0) 1
2 DIM 8DPFYS
0.0 19{60.0) T4(90.0) T
MAT NUMBRERS

10 11 7

ZONE NUMREWS

RIOIRIO(1)WR5(2)) RH(FID(2)) T

*aMIXTURPE HATA FILra#
FILFS=IAPUT= 0« OUT=LT= 5o
MIX NUMRE+S
R6L{10Y <Stl]ly T
MIX COMMAND
01 22468 ¢ T -
“TX RE&HSYITYS
060 203 Helel 1,222 Lof=2 Jol=? 140 1en=Z 34U=? 240=¢ So0=d T
1SNTORE M uMS

b2 a8k 7T w47

CARD
CARD
CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARDL

CARD

CARD
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SEDEGAUN AR FiJx Flci®®
FILFS=THRUT= 0y MT30Ts o
GROUP FL i
121.0 Afla N 2,6 L,173 i FLuk il 85 GRUUE FACTURS,
1 DIM FLYix
1.0 a0 o971 0,548 dadln Uetta 0,812 V.192 .85 0.012 0,527
0.431 0,320 N.227 Vallds T FLUX Gut Soa CF ractiors=1n,
2 DIM FLLX
1e0 1.0 04971 De%os  Ce¥0R Denasa 0.R12 0e/22 0.08b 0,612 D.527

04631 Qe3dn Da227 Lall3d T FLUA GUESSe SPACE FALTORS=1D.

*SADJOINT FLux FILEwen
FILES=INPUT= 0o DUTOLT=E 49
GROUP FLUX
121.0 604.¢ 2362.6 513 T FLUX GUESSe LRUUP FACTUNRS,
1 DIM FLUX
1.0 1.0 0.971 0.36% ue%08 UVedfs 0.Bl2 04752 0,65 0,612 0,527
0,631 0.327 G.28c Vell3 1 FLUA GubSSe S2ACE FACTORS=10,
2 DIM FLUX
160 1.0 0.971 0.904 U.CG8 Uede 0,812 Ue/52 0.685 0,612 0,527

0.43) 04370 .22 ULedid T FLUX GukSSse  SPACE FALTORS-10,

CARD

CARD

CarD

CARD

CARD

CARD

CarD

CARD

CARQD

CARD

N



SOREFERFNCE MUL TIGRIIH FlLk®s
FI1i FS=TMPUT= (e QUTR;T= i
FILE NAME
FEOUR=GRCUP ¢ [MM=Re 1 YU eSS AN b eIV ETOX-IHX v T
MLTG CONTROL
Y1 G oo ) 1 ~aqy) T
DTMENSIONS

9461008665320 i w7(i) T

IS0 NUMBERS
1234567827
FIS ISOTOMES
-1-1000~1v0CT
ANI ISOTORES
RO(0) T
ISOTOP NAMES
1 *PU2392 0,0 € 2 £J23A% 040 0 3 #0% U0 0 4 #FE® U,y 0
S #NA® 0,0 0 5 BU23e® UL 0 7 %% 0,0 0 4 ¥FE¥ 0.0 0 9 “NA® O,
GROUP STRUCT
0 0 RIOIULO) 3,02)3-10 ~ea3ln=lu Je2laz2-4 3,3larl=8 J6{0,U0) 576 ,61]
2013 0.0 T
DELAY SPECTW
R6E({Nee1,0000e04) T

DLY ABUNDNCS
7.752+05 §,712=0% 4,40b6=04 6,0%912«-0 2,10128-4 Tela=5 T

PRINCIPAL xS

1.98247 2,0057529 6.alobhs 4. 70967 1.635527 R3(0.)

1.6622R8 3,68326  &4.bhbal T.7a0] 6,2009378 1.02¢92 R2(04)
1.B993Kk 4,4338 S,ubhitb J2e9uTzZ R,4706363]1 0.UY95R]22 040652701 0,
Bal1876 21,5455 23,30U8 cule207m 2,6523 0,00296365 RZ2(0.) T
DLY ARUNDNCS

109266 P.0278e3 2,3 f3ms 2y iaiaed 3,33-3 1od1=3 T
PRINTIPAL xS

WG4109 1106829 1., men=ts? 1.l3Toksl widde)

JON26Q634 L1598 (00w 126 (a0l nR 7.32A996 24909 K2(U)
0. 600207 . 1247737 treli2eoun olf3612 073ud5y 0,

o VoGASH] (y 177055 Lledesnd qud?9372 Ve Ve T

CARD

CARD

CARD

CARD

CARD

CARO

CARD

CARD

CARD

CARD

CARD

CARD

CARD
CARD
CARD
CARD

CARD

CARD
CARD
CARD

CARD

1
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Qyvd
ayv)
aquvd

ayvd

ayv)
QNv)
Quvd
Quvd

qQyv)
adv)
0oxvd

Qyv)

auvd
Quvd
auvd

Qivo

ayvd

Quvd
(41:) Jo]
qavd
auvd

aQdvd
auvd
a¥vd

aqavd

auavd
[(];) Je]
anvd

auvd

He
1°0  *n ¢=§; 7107 CUsGRABT®s, 2iSTI%c * v $=21590%y ¢
O G Jelerlt RP2RATIRTC ThGsktC Yy f-lagydte ty
YO0 27SRE NS GOPEBTUR®f Akl a9tF *( v=9ci*Y "0
(*016 M Cumfb uetl (nngn®y ) £=9(d4256°1 °0
SX WaldnN]aa

L o0 0 20wy o2% T mufRales 0] pasn 01 0 E=31926%E *0
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#4D0OT208 INPUT FJI Fee

FILES=INPUT= Qe UHITAUT= he

PARAMFTEFS
® SAMELFE DOTA0H “vunl rd : - Carp .
. ® 11 4 %5 = % 101 0 =1 0 G 1 T CNTRL PARAMS CARD 2
DIFF MARKERS
R4(1) T DIFF MARRERS CARD )
2eDAC INPUT FILERS
FILES-IQPUT: 0e VUTPUT= no
CONTRL PPAMS. -
1 0 0 3 3 1 7T DaAC PAcAMETERS CARD 1
CASE PARMTRS
1 11 ¢ T CASE 2awiMe ey CAID 1
PT ZONE NOS
RIO(RIO (13 +R5(2)) RS {=I5(2)) T LONE NUMHESS CARD 1
PT MAT SPECS |
10 11 7 MATE=[4,, AUA~ERS CARD 1
R6(103 AS(11Y 7 M1X wUMBERS CARD 2
0 1 2 2 & % v 6 1 ¥ 3 / MK COvMAND CARD 3
0.  +002 +00R ,019¢ 012 Jull O, <015 <03 L,02 005 T ReF O CarD 4
PT MIX NENS ) T
0. 20022 008 ,D1yZ  LU12 JUll 0. 015 U5 L02 LU0S T PRT D CarO 1
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In the second INP call of run 1, the card in- In run 2, FLO is called to recover the files
from tape. These existing files provide all the
ADMNSTR file previously created to request the input needed for the DAC execution. The DAC INPT

file defines a perturbation in the 239Pu atom den-
's sity from 0.002 to 0.0022. This perturbation yields
a reactivity of $10.04. An effective delayed neu-

tron fraction of 0.003117 and a generation time of

out shown below is read. This input ec.iters the

adjoint optiorn in the second DOT call.

With a 10-4 convergence specification, keff
of 0.96272 and 0.96279 are obtained for the regular
and adjoiat cases, respectiveiy. In the DOT execu-
tions, the original flux guesses in the flux files 9.71 x 107° sec are also obtained.
are supplanted by the final converged fluxes. At
the end of run 1, FL1 is called to store the

existing set of files on tape.

OUTPUT FROM SECOND INP CALL--SAMPLE PROBLEM 4
(Lines labeled nn the far right by CARD and an integer are card images.)

eanaSTANDARD FILEe £uigf: IN= G e

FILE CONTKCL

3 RIS{e) T I8P FlLe Co il CARD 1
IREAD 1/2/73/4=PFpau FILYE Frts DAG0a/STANUARU FiLE/ZsuT=/3n )y ¢ ILE
FT R NauE JOr Ay
ANMEC TG, s
LS GRS LAY -
AR AFVAN | -
iy AT T -
MIX LTS -
ARD E4 g “
s Fiors -
MRLTT e - ) “
UL TTRE- ) «
FONE 0E S o
IR A | “
oLx Jaef o
anNy Iuul -
AT Tred 4
[ o
caC Vi “
BBAOMINTSTRATIN, T 1 T
FILES=TME T e - e T o
ADMNSTR faja
CaRD 1

Sin 1 [T 3 LAt s~ rijlr
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Sample Problem 5. In this sample problem, The next input card, INPCNTOl, instructs the

CLUB is used in a 3-group, 9-zone, single-cycle INP module to create the ADMNSTR, SN CONS, GEO DIST,
burnup calculation involving 5 chain equations and MIX DATA, GRP FLXS, ZONEDENS, DOT INPT, and CL3 INPT
16 isotopes. Zone-averaged fluxes are computed at files from card input. Input cards for these files
the beginning of each burnup step with the DOT2DB are labeled ADMNSTOL through ADMNSTO03, SNCONSOL
code. Diffusion theory 1s used for the X-Y, 9 i 12 through SNGCONS03, GEODISOL through GEODISOQS,
mesh flux calculation. MIXDATOl through MIXDATO06, GRPFLXD1l, ZONDENOl and
The first two input cards, DRIVEROl and ZONDENO2, DOTINPOL through DOTINP03, and CLRINPOL
DRIVERQ2, instruct the DRIVER program to execute through CLBINP17. The SN CONS file is always re-
the path FLO INP PRN CLB. It is assumed that a quired by DdTZDB because of the possibility of mixed
3~group MULTIGRP file containing the 16 isotopes diffusion/sn computations. In this example, however,
has been previously generated and stovred on tape. the Sn constants are not used becauge diffusion
This tape must bs assigned by the user to logical theory is specified for all groups. DOT2DB always
unit 49. In the call to FLO, the MULTIGRP file is obtains & flux guess from the GRP FLXS file. The
copied from the tape to a disk file. GRP FLXS file crested with input card GRPFLXOl is a

flat flux guess for the first DOT2DB calculation,

CARD INPUT FOR SAMPLE PROBLEM 3

“ T NUMBER OF PATH ELEMENTS DRIVERO]L
eFLO Inp PRN CLA® T PaTH DRIVEROZ
R2(1Y 4 R3(1) R3(4) 1 R3qa) Re(l) 4 1 CARD INPUT ¢ ILLE CONTROLSINPCNTO)
e ADMNSTR FILE FOR CLud CALCULATION USING DOTZDB ¢ 2 R3(9) 2 6 ADMNSTOL

RZ9) 12 1 0 1 wK2(Ue0) 1,0=4 RS(0,0) 1 ~7(0) 1.0 25 153 ADMNSTOZ2
0 16 Raif) 0.0 3 0 20 5 l,N0=t ',0=3 0e4 0,5 0,75 120=3 1.5TADMNSTO3

R2(=0,70711) R210,70711) =0.70711 0,70711 T ™MU DIRECTIONS SNCONSO1
R3(=0,70711) 30, 70711) T Efa DIRECTIUNS SNCONSO2
R2(0.0eR2(0.,25)) T WEIGHTS SNCONS03
0.0 T3(10.5) 12(14.8%) [11(26405) T FIRST DIMENSION BUUNDARIES GEODIS01
0.0 I9(r0.0) [1l(H6.0) T SECOND DIMENSION BOUNDAWRIES GEODISO2
17 18 1% 20 21 ¢2 23 24 £5 T MATERIAL NUMBERS B8Y ZONE GEJDISO03
RIB(1) RZ2(R4(5)9R3I(9)eR2(1)) R2(P4(4)sRI(B}R2(1)) RZIR4(3)9R3(7)+RPGETDISO4
(131) R2(R4(2)sR3(H)er2(1)) R18(1) T ZONE NUMBERS BY JINTeRVAL GEOD1505
RIT(17y Q17(1A} RI7(19) K17(2U) RI7(21) RLT7(22) K17(23) K1T(24) MIXDATOL
R17(25r 1 MIX NuM3tRS . MIXDATO2
RI(N011efe39ae5eb07e3:9010¢11012¢03014c15916) T MIX COMMANDS MIXDATO3
0.0 0,06 RT(N,0) Goll3 Ual Ue001 RH(040) RE(0:092:9~Ce1e0=2041.0-MIXDATOS
2oR3I(0100) ¢4 oe9TER=420,0911e5=2904031+0=24R5(0,0)) 1T MIX DENSITIES MIXDATOS
123456784916 11 12 13 14 1% 16 T ISOTGPE NOS ON MULTIGRP FILE MIXDATOS
R3(1.0) T FLAT FLUX GUESS Fyr 0OT208 GRPFLX01

e0h RT{040) 403 0 0,001 KR3(0.0) RE(2¢5=22140-2091+0-2+R3(0D40)94,ZONDENOI
976R=420.091:5=2¢04001a0-2«r/5(0,0)) T ATOM DENS HY [SCTOPE AND ZONE ZONDENO2
8 J-GRP¢X=YeI=ZONE+GX12 MESHIDUT2UB DIFFUSION FPROBLEM FUOR USE WITH CLUA®DOTINPOL
R2(1) 4 5 & 0 &5 R2(0) =1 1 R3I(W) T DOT2NY CUNTwuL PARAMETERSDOTINPO2

R3(1) T DIFFUSION MARKERS DOTINPD3
& CLUH 3=GROUP9=Z0NF «DEPLETIGN OxORLEM USING DOT20H TV #CLBINPOL
& COMPUTFE ZNME-AVEwAGE FLUXES AT nEGINNING OF EACH BURNUP STEP “CLBINPO2

5 #0ATe T TITLE anD ~EUTROWICS SELECTION CLBINFO3
@ SINGLE CYCLEs 5 CHAIN EQUATIUNSe FND=OF~CYCLE KEFF=1.0 #CLBINPOS

1 10 R2(0) 1 B7(0) 1 R2(u) 3 9 3.6%4 R2(140) R3(3:0) 5403 0.0 1,049 CLBINZUS

1.0 0.0 <A (Phaebbeahve) 1 0 1 0 KP(1) H2(0) wa(l) T DEPLET HIST CLBINFO6

27T qUMAEW OF Zunke SETS CLAINPOT

11 1 72 =1 SwivLe(iow 2 9 1 1 N #CORE Zunks % T ZOWE CLASSIFTICA CLHINPOB

A G T negfe A5 F TSRS [DNABLE AND FISSTOM=PRIOVUCT ~NUCL TOUES CLAINPOY

348 ~ 7T ot T, wMHERS ub FISSTONAKLE NUCLIVES CLBINPLO

12 943902 D.52U° 54622 Sar=p Dol i=2 he3=¢ 13 Zel=3 dad=2 2e2-7 CLBINP11

Pel= PLoA=F Pen~d J4 240 2eé 2e4 2eb 2ot 3.7 195 1.0 1.1 CLuINPLZ

1e? 123 1ea 15 T FISS=Pr0D 1IN NDS anD YIELDLS FRUM FISS NUCLINDES CLEINPLI

& T MEMKRERF OF NGCLTDE CRATNS CLEBINPL4

11 9 RP3(2) T LENOTH oF CnalNs CLBINPLS

314 =151 411 71 #8311 coulunl 00007 1 200008 12 -1 13 151 CLBINPIG6

14 9 1 10 Y CHalN SeeCHFTCATEONS CLRINPLT

2 RO wR(2) Hay) 2o~a(]) Ratey 1 T  tILE PRINT CUNTRGLS PRMNCNTO1

g7



The last input card, PRNCNTOL, instructs the
PRN wmodule to print the ADMNSTR, GEO DIST, MIX DATA,
ZONEDENS, DOT INPT, and CLB INPT files created in
the preceding call to INP. This printed cutput is

shown below. The last element in the path, CLB,

causes the CLUB code to be loaded and executed.
For this particular problem, the depletion cycle is
terminuzted when keff has been reduced to 1.0. This

occurs at 135.7 days after four burnup steps.

SEADMINTISTRATION FIL:~

SEADMINT-T=ATION

OUTPUT FROM PRN MODULE--SAMPLE PROBLEM 5

# FILE 51

LN COMIWOL pOArE TE RS EE

ADMNSTR FILF EGR €L b CulCLaTpon USENG DUTZDR )
1a01 1 /727370 13Ny ~meemcccmne- ———————— 2
1a11 TYRPU e 0xOLFFUS UMy (2TRANSPORT emea- 0
1A02 THEQRY, BzhEOL AR JSAPJUIMNT cecaces 0
1A03 ANTSOTSO-]IC SCATIE~1"I0 ORlFR memeca- p
[ans (PDER AF SN 090 GAlMBT jUN ——eme—e—ae 2
1GE WAY/2/3/D7T/r /971171271 350FUMETRY === 6
1Zm NUMPAED OF /ORES memeca-maca B 9
M NUMREL 3F =1 obstnolun INTERVAL S==-- ?
M MUMRER OF 2N DIME S TON INTERVALS==- 12
L MUMBER CF  49p LIWENSTUN INTERVALS=~-= 1
182K HUMRER UF R ICKLT 4L Sy =e-=me=e- ———— 1]
IEVT /1727376757t = rlouwvalUe [Yre e==- 1
Ev EIGFNVALUE (kS5  =eeec- em———— ————— 8.

VM EIGENVALUE VMUDF bR =meeemecceecmes (), .
EPS CUNVFFOENCE (RITFRION —ceerececmec=e '.jooooe-oa
TEMP] UM F INEU, ==c~escecmcccccmcnavewa= (),

TEMP? UNDEFINED,  —ossossecseessccmcsomma= O,
TEMP3 UNPEF INFli, e=v<ececcecca== ——————ean - U,
TEMPG UNNEFINE Y, -eveweeccmecceccccacanc-ea (i,
TEMPS UNLEFINE Uy ==ccecceccaae—naaa= crem——- 0.
1801 = /07172730 = LcFT pgonY CONDLTLIUN 1
1R0? =1/0/7Y/727376 = wlunl  wInY CONDITION 0
1803 -1, 0r172/73/76 = TuP  wdry CONOLETION 0
1806 “1/37Y/87 370 = FOLITOM wider CONDITINN q
1805 /071737374 = vl murt CONDEITION 0

1R06 «1/072Y72737% = ALK auRY CONDEITIUN 0
MG7 07172737475 = FLouk liwwul OPTION we-- 0
IFXT NEGATIVE S0UPCE (CrtCre O=N0e]=YES == /]
501 SOUNCE Nuwbi [énlluN FACTUR —=ewce- .luOOOt'pl
MT NUMAER OF 4ATERlalbe ==-=c-ceccoweeew 25
NGl AUMBER NF maTEi[AlL SPECIE ICATIONS~== 163
MCR NUMBER OF ISuTiwy x> SETS FROM CARDS 0
aSK NUMBER OF 1S0TUPE A SETS FrO@m TAPE- i6
1z NUMARFQ OF ISV HpdENSTuN £OME MUDFY?S [}
JZ NHMBER OF eNL DIt LS Tun LONE MODF YRS 0
L ¥4 NUMHER gF 3w i AR vS [0l £0ME <GDFYRS Q
1S90¢ PARAME TRIC TLHENVALUR V1 YHE  e—ee==ee v}
503 PA«AMETRIC FiGE avhLut . Ge
16Mm NUBKER NF EREFHY GRPULIES, =-veccoe—ew 3
Qe O/V/2/ /07576 = SUORCE [aBHT arT [uN- [
1cos MAXTAM yudafe Or Gules JTExATHHIS== 20
1007 ALXINN gimsE s 8 e L IERATPONS-- . _b
GO0S MEDTROY i) et Tesale usstheuo= dialT olUUOﬂk-U}
OHOA LOIMT el § v [rule vzdGenibE IMf- .10000%‘03
AL AL I AMISA 1 dmpw & | i eccecmecccecccemeo- .Luceug'OU
Al &H 1 AMDY e e 1 (] eweecece R e = 1L D ] L 1)
PON Mk LAl LY (Tt e e eemseccceccea= .I:acugouo
FPSA (N, CfTe df ot o J1, sau(mFG, == .luoong-Oa
XFaC EXTOAUG ATy PALT vy eweweccce—e=c=s  o]15000E£+01
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#RGFOMETRY AN MATL <14t

UiaimiogbidNS FLLEYR

FILE 53

BOUNDARTYFS
16T AIRENIM 20 LIBRNGN i DTpwsh
1 ] U
2 P.HAPHCUEsUD HauUuGUE *ud
2 S,2500VEsuu 1 2000Uk eul
G TRTISDUE00  1800uuEeUl
5 1,0506UE+0]1  ca>vlUute+vl
T8 1,185JUre0l  sevllGUEruUl
7 134000k (1 SehUGyub +G1]
R 1.,4R8GuE+G) <« Culiibevl
QO PJOBSQUE+GY o, H0uvUE+L]
10 P.6AR0UE UL  9,4UUUUE+H]
11 6. 0000€0)
12 6o 3VUDUEG)
13 DeHOUVDE+G]
MATERTIAL NUMHERS
ZONF MATFRTAL NUe
1 1 17
2 c las
3 3 ly
A 4 20
5 S 21
A A ee
7 7 2
[ ) 24
9 G ¢h
ZONE NUMKE =S
lbs 2N H 2 3 4 ) [3) 7 ) % 10 11 12
1 1 1 S 9 “ N 3 3 2 ¢ 1 1
2 1 1 ) =3 “ o 3 3 2 2 1 1
3 1 ] LY =Y 5 4 3 3 2 z 1 }
& 1 1 5 2 4 & 3 3 ¢ 4 } 1
5 1 1 b 9 A " 14 7 ] [ 1 1
6 } 1 + El o] ~ 7 f [ [ 1 1
7 1 H 9 ) o 8 ] / ) 5 i 1
“ 1 1 1 i 1 1 1 L 1 1 i 1
9 i 1 1 1 1 1 1 [} i 1 ) 1
SuMIXTURE DATA FILE®®  FILE %6
MINTURE SPECIFICATIONS
MIX NUMBERS MIX COMMAND MIX DENSITY MIX NUMBERS MIX COMMAND MIX DENSITY
1 X 3 0 ii i? iw o
i i : L UOGRE =G 2 12 'y i Lo hbitot =3
K ) < 0 13 tr be i
N 17 5 v Yo, o7 . s .
= 1] “ ¢ s 1 1w .
- By > v LRy vy 1 1
‘_I v - C 17 ¥/ i» ]
; j7 ¢ v 15 1~ 4 a
. 1 - J 19 ir ) CenUD0E= e
LS re = 1.900v I =ur 20 [ e FeGuGie =24
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MIX NUMBERS
21 IH
4 15
23 14
24 1y
LS 18
P26 1y
27 s
2K T
»q9 1+
30 s
3t LK
2P 18
ER) 14
34 18
5 146
A 19
37 19
38 19
39 19
an 19
4l 19
42 19
43 19
44 19
45 1¢
Y 19
a7 19
48 19
49 19
|0 1y
$1 14
se 20
53 26
Sh 20
w5 20
SA 2y
57 20
S8 20
s9 20
A0 20
~1 0
&7 20
A~ 0
4 20
3] 20
LY. 20
£7 20
4R 29
6Q 21
70 21
71 21
12 21
7R ’l
74 21
7% 21
76 21
77 21
7R 21
76 21
RO 21
w) <1
A7 2!
A st
LT 1
nue éi
Fé 2
07 vy

MIX COMMAND

—
C LT ~NIT T

——
AN N PO Vg

-
M TNT TP W~

MIX DENSITY

Le00U I ~u2
0
v
0
“a bR IE=(4
J
et QQUt=ue
v
LoCudGir=ue
0
0
0
4}
0
0
2.,50000L~0¢
1.000JUt =20
1 000GVUE=G2
1}
V]
0
4 497T6H0E=00
0
1.500008-02
0
1.0G000E=02
0

coO2CoCc

2.50U00E-02
1.00000t=20
1,00600E-02

0

0

0
4,97/6B0E-(4

0
levoulut=62

[
1.00C00E=0C°

ocoococcC

2+50CU0QL~-0C
1.00000£-20
}.00000E-02
0
7}
0
& I /6N0E =0k
0
120000k =02
v
1.0053008 -6
2

2400000t =02

MIX NUMBERS
333 22
HO e
9N I
91 °?
qp ‘,) ")
(R Y R
aa s
GE M=
QK 2y
07 or
ap 2c
9y 22
106 22
inl 22
102 22
102 23
10¢ X
165 23
106 73
107 23
108 27
109 23
110 23
1l e
112 23
113 3
ite 73
1% 23
11€ 23
1z 3
11K 23
I¥9 23
120 24
121 24
122 24
123 24
124 724
125 24
176 24
127 24
1PR 24
179 24
110 24
131 24
132 24
133 24
134 ou
13€ 24
136 <
137 S
138 S
138 25
140 75
14l 25
142 25
143 25
la64 25
14% 25
l1ag 41
147 25
168 75
149 2%
150 24
181 25
18P %
187 o

1

MIX COMMAND

—
")

——
J &

CTXT~NPUV P LN —Op

MIX DENSITY

1.000G0c-20
lsU000UE=0C
0
v
0
W THRYL =G

v
labU000L~02
U
1.00000E~02
v
v
0
v
v
v
2e50000E=u2
100000k =20
1.00000E=02
]

0
G
4. Q76H0E-05
0
len50000E~02

(¥
1oUU00OE=UI2

cocccococ

2ahCNuUbE =02
1400060 =0V
Leun0Gor-ue
0
v
1]
oG 1640 =0u
U
1.50000t=0¢

v
1.00000k=02

cCCcocCccoe

2+50000¢ ~ve
106060k =cu
1.0000ut-0¢
v
0
v
4,97680L=ba
0
150009 =ir

L6000 =l ¢
[}]

coL o



ISOTOPF NUMRERS

IS0TORE NO.

1 i
2 2
3 3
&4 o
5 s
A f
7 7
B )
9 Y
e 10
11 11
12 12
13 13
14 la
18 1S
1€ 16

##ZONE NENSYYIES ¢ ILE*#

ATOM DENSITIES

1S0TP

ZONE i
6400000E=-v2
0.

0.

D.

Oe

0.
J.N0000E=04
O'
1.00000E-03
0.

ZONE 6
250000E-02
1,00000E~-20
1.00000E~02
o.
4.27680E-04
0.
1.50000€-02
o.
1.0nM000E=-02
Qe

FILE S8

ZUNE 2
2e850000E=02
1.00000E~=20
1e000GO0E~02
\).

44,9 TOB0E=04
U.
1.50000E~02
U.

1l 0UVUOE=02
0.

ZONE 7
2.50000E=-02
1,00000£=-20
1.00000€E~02
0.
4,97680E~-04
0.
L.50000t=02
0.
1,00000€=-02
0.

20Nt 3
2¢50000E-02
1.000006=-20
1,000006=-02
0,

4,9 7h80LE=00
0.
leD0GULE~D?
oI

100000t =02
0.

ZONE -]
2+50000€~02
1,00000€E-20
1.00000F=02
0.
4,976R0E~-04
Oe
1.50000E-02
Ve
1.00000F=02
u'

ZONE 4
2¢50000E=02
1.00uv00E=20
l.00UN0E=92
Ol
6,37THH0E=06
0.

190000t =02
0.
l.UU000E=~02
0'

70NE 9
2+50000E- 07
1.00000€-20
1.00000F=-02
0.
4.976R0F-Na
0.

1.50000F =02
0.
L.00000F-02
0.

ZONF 5
2+50000€E-02
1.00000E-20
1.00000E=02
U
4.97680t =04
0.
1.500G0E=02
.
1,00000e-02
0.
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28DOT20R INPUT FILE®® FILF A%

DOT2NR CONTROL Pama~F IERS

JeGHP e X =Y o U=/0NT a2x e MESRGDUT20H DEIFYUSTON PryolEM FOr USE WITH CLUB

A0) PROVL A [¢)e HUMHELN =ececrccam=- 1
FXT Q717230 TNZLIR=KLME NG FLA/STP PN 1
IHTY POSN SToYE Tuiap cecmsccecu-w== o
IHS POSH SIGYA Sceb=-SualTbR 5
RN X=SECTION TAnLE Lehhlh  eewcac-e 6
MO0S NO, REGIOnwlSE ACTIVIT]FS =e<e= [
S04 INITEAL THMER [ MAX/GROUP  ~e=- 5
1AFT P70=PINT FLUA MOMEMNTS/MI  ecawew= 0
MD& NOo CUINTWISE ACTIVITIES owmaces 0
M06 =1/0/1/727374=01ST S0UxCF OPTI0ON -1
1RO /1727321 EF T sGUNUARY CONUITION 1
1PQ? Crlz7273/7azkltnl pOuNU CONDLITION 0
1803 /1727376210 gUUNDARY CUNDITION v
IR0& 0717273=40TTOM BOUND CONDITION 1]

DIFFUSION YAKKEFRS

GROUP MARKER

1 1
2 1
3 i
*eCLUR INPUT FILE®* FILE 65

TITLE AND NEUTRONICS SELECTIIN

CLUR 3=-GRQOUP+9=ZONF +LEFLETIUN PRUNLEM USING LOT20H TO
COMPUTE (CUNE=-AVENRAGE FLUALS AT JEOLINNING UF £ACH HURNUP STeP
LIM CPU TIMF LIMIT (MIN) 5
SEL NEUT20nICS SELECTION (A voT
ZAFSNU FLUR CalCe USE ZONE FLUA
ON INTLLAanT FilLt.
ATM=INFINITE MtDIUM CALCULATION,
JDX=USF JNEDA C2DF .,
ANT=UYSE aN1st COute
DOT=U5E JuT200 LoLE.
(anY (OTnerw FLUA CODE CAN ®E
aCLENSED Y PUTTING SEGMENTED
HINARY VENSIUIY UF CONE ON A
FILFE WiTr 3=-CrnArRACTER NaAME,

DEPLETIONY HiSI0wy &r 5 ECLUING QPT JOMNS

SINGLE CYCiE« & Lralh tLuAllunSe EMD=OF=CYCLE KEFF=].0

ND(D) NUSHED ) OIS weeescccscocrcccvanmececsacs 1
ND(2) MAK Y, SR Fiagn TEME SIFPS FUR ¢1rSTE LYCLE 10
ND ) Mak Mg s St Fgdie Thitg STFES FOR Zlaw CTLLE =~ 0
o 1G) MAX 3, LDFRLETEIY T1ME STFYS rCR OThHee LYCLES 0
NIH(S) NUMeE e OF SUSSTe MY FOw caCd LERFLETION STERP - ]
ND (s 1/70=RECALCILATE cLULX A1 MU OF Ti4e SlEp o= 0
ANG JSE L1t Al AVESRALFL FLUX OVew SUASTEP
INTERVAL S/
ND(T) G/715SAvE STawleut ~3TEr NUCLIDE DEMSITIES FOR- 0
FHO aF CyCie R COVexY/ZNO
NDiR) 0/7)=RFNUHMaL j.t FLOA AFIEP EACH Sunsiee TO == 0

ACHLEYE Tk STRL FoAe~ LEVEL/NO
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ND (9}

ND (10}

ND(11)
ND(D2)

ND (13}
ND(14)

ND(15)

ND(15)
NDI1T)
00 (1)
ont2)
onield)
oNta)

oD (s)
oD (6)

oDt{7)
oD(A)
oD (9)

Dot10)
pD(11)

nD(12)
bD(13)
0014}
oD t1s)
00 (16}
DDIR WA
IEDT()

IEDT (2}
ILDT (3}
IEDT (&)
IEDT (5)
IEDTi6)
IEDT(T)
IEDT(8)
TIEDT(9)
IEDT (10}
IEDT (1Y
IEDT(12Y

Z0ONF CLASSIFICATIUN

NUMBER OF Z0ONE SETs=

1/isRE Tumy wO%En LEVEL 10 ORIGINAL 4709 ~ee-
(S€E D)) AN Lbun)) aFTEw EACH FLUR
CALLULATIONZADIUST FOWER LEveL TO LLIVE
NESInf ) AVERAGE OVew ThE TIME STEPS (SEE
AN{v) anb vuilo))
OPTINN N LIMIT L PUOwew VENSTTY (Ste Duley) =
0=TFRAINATE |r LIMIT eACEEDED
1=CONT INUE Wl iH UlNCHANGFD PROCEDURE
2=BNJUST FOwEN 16 LIVIT PudER DENSITY
AZLPPUST 0wk 1O MAINTAIMN POWER UENSLTY
0/71=L TALTING Pawk~ DENSETY DD(4) aPkLIES TO-=
ZONES/SLRZUWES
O/1=LTIMITING AverdGE FAPOSUWNE DD(Y) APKLIES--
TO LONES/z2UnE CLASSES
170sD0 FLUR CALC FOR ENU=OF=CYCLE CONUINS/ZNO-
OPTION UN Fal=0r =CYLLE EATKAPOLATION escee=-
=2k XTRAPOLATE U FAPDSURE
@]l =g X TIAPOLATE ON CUNTROUL. FOTSON
0=£X16PULATE O EACFSS REACTIVITY
1200 NuT EATeaPyLATE
0DPTI0M FOR CALCULATIUN UF CUMVERSIUN RaTlO
O=Jdsy CAPTURE RATE N FEwiILE MATexiAL
12J9%F IveLAMHMA RATE [N FERTILE MATeEw]AL
NUMBFR UF FNERUY ORCUPS =ececcccsrmceccascccanses
NUMAEFR OF MATEtR]AL ZUMES eccecsccecccncecca==
REFERENCE Covt PlUstr (K1) FOR FIRDT CY(CLE ===
RATLO OF Tap<9MaL 10 F15510N FNERGY weccccen=
FRACTION OF CORE INCLUDEU IN MODEL ~=====c=-
LIMITING POwER OENS,TY (W/CC)e USE OF DUlG) =
DEPEMNS B wDII0) AN NOCI1) OFTLIONS,
NESIRFD POat#” (MWT) FOx CLASS 1 Z0NES =vweo=-
SAME AS DD(5) HUT FOr CLASS 1 AND CLASS 2 -=-
Z0ONES SUMMED, FLUX aNQUSTED TO RIOGRMEST
LEVEL TO HMAlINTAIN wb({9) OR LDIU(L)
MAXIMUM DAYS EAPOSURE ANY CYCILE =reccecccce-
CORE POwWER (w1} FUN ALL aUT FIRST CYCLE we==
LIMITING AVER HEAVY METAlL MwT/METRIC TON e=-
TERMINATING CYCLF
DESIFED EMND=OF=CYCLLE MUl TIPLICATION FALIOR =
DESIRED END=OF=CYCLE F~ACT]ION NEUTHON LUSS =
IN CONTRUL AaSurBiw
DAYS DERPLFITON TIME STEF 1o CYCLE | =ewece=-
NAYS DEPLFTIUN TiwmgE STEr 2¢ CYCLE | me=cce==
NAYS DEPLETION wE1alllNe TIME STePSs CYC(LE 1=
SAME AS ULItle) AUT POR SEMATNING CYCLES =e=e
SAME 25 DOCL13) AUl FUR REMAINING CYLLES we==
SAMFE AS ON(lw) SUT FON REMAINING CYCLES wem=
N/Z0=PORINT ZuNE NUCL UENS FvewRy NTH Tlibk STEP-
/N
SAME AS TEDT(]) nUl HdY SUHZONt e=everccccca=
N/0=PRINT TO1 NUCL REAC wATES EVERY N STEPS/NO
SAME AS TENT(3) vuUT BY (OMNE eesmccwecccaccaca=
N/O=PRNT ZaNe FLUK EVERY M STEPS/NY ===cee=-=
M/70=PRNT ZONE PORER EVERY N STEPS/NU eccace=
M/C=PENT GECAY ACTIVEIIIES FVERY N STEPS/NQ===
1/0=DERUGGING PRINT/W) eerccascccacc~cccana=
1/70=PRNT ML TIUwr FILE A=SECTS USEU/NO ~woa=
176=PaNT START OF LrCLe NULL DENS 8Y JONE/NO-
1/70=PFRNT ENG OF CYLLE NUCE DENS oY SUBZUNE /NO
V/73sPRNT £Nu ub CYCLE FIUISSILE LOAQINGS/NO ==

ALEE:

I'e

15T 294 N)e LAST ZUnE wu MUOL SUSZONFS £0N: CL HO. DEPLETE FLAOG

1
é

1 1 2 -1
Y 1 1 0

3

9
+30000E«0S
»1UU00E«0]
«10000te0]

0.

0.
O

+50000E+04
0.
+1U0000E+10

«10000L+0)
Ue

«2U000E+02
«4U000E+02
«bUQUOE+02
«2V000E«02
«4V000E+02
«6UDCO0EL02

1

—_—— e OO DO

ZONE CLASS NAME
REFLECTOR
CORF ZONES

(2A6)
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FISSINK YIFL VY TATA

NUMRER 0Of FIsS10N NUCLLUES=

NUMRER NF FISSION #RI UL

FISSINN MOCLINE

T

P A DN -

FISSION PRODUCT 1.9,

B ) e

YIFLND OF JTH FISS10M PwGuLCT

TS W -

NUCLIDE CHAIN SPECIFICATIONS

NUMBFR 0OF CHAIMS= 5

CHATN

NP W\

Lalvy ®artags RS

TeGio

T o~ PSS

T1e0e

12
13
la

15

J 1
96 V0L 0L =02
5.50000t-0¢
S5.62000t=-v2
S+H0000E =02
6.17000L~02
6¢30000E-02

LENGTH

h

W ‘w WO

CHAIN SPECIFICATIONS

TYPF TRANS]ITIONS

=1=NECAY

1=TOTAL CAPTURE

2=Ns GAMMA
=N AL PHA

L=nNe 2N
S=NsP

R=NOMNDEPLET]1ON
=3=PaPTS/100000 FISSION TREATED AS CAPTuRE

10=0A%15/1000«000 TUTAL CAPTURF

CHAIN ]

NUCL IDe 10,
3

[s VIS NV, B

TRANSITION TYRE

o

NJICL JES=

NUMHERS

2.10U00E=~U)
. 20000E~03
2,20000t=03
2e300N0F=03
2+30000F=03
2¢0000E=03

rxOM 174 FISSIUN BUCLIDE

J 3
e 00GUOE SO0
2.200008 400
2. U00UL 0N
2.60U00t «00
2.80G00L 00
300003t ¢00

J 4
1.00000E¢00
1. 10000E+DD
120V00E 0D
1.30000E+00
1e40vvUQE +00
1+50V00E+00



CHAIYN 2

NUCLIDF 1.0, TWANS]ITION [YRE

3 1
[ ]
290006 1
200007 [l
200Nn08
Cwa N 1
MUCLICE T.Da TRANSITION T1YRE
12 -]
13
CralN &
NUCLIDE [eDe TRANSITIOM [YRE
15 1
1w
CHAIN §
NUCLIDE TeNa TRANSITION TYRE
S 1
10
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