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LINKAGE OF REACTOR PHYSICS CODES THROUGH STANDARD INTERFACES

by

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 in whatever calculation path the user chooses to
prescribe.

I. INTRODUCTION AND SUMMARY

The linked set of codes described in this re-

port is an outgrowth of the Los Alamos Sciantlfic

Laboratory's (LASL) participation in the work of

the de faoto 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 types 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:

MC code (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 Sn or diffusion)
Brookhaven National Laboratory (BNL)

DOT2DB code^ (two-dimensional Sn and diffusion)
General Electric - Sunnyvale, California (GE-
Sunnyvale)

DAC code6*' (one-, two-, or three-dimensional
perturbation)
Los Alamos Scientific Laboratory (LASL)

CLUB code8 (fuel depletion)

Oak Ridge National Laboratory (ORNl)

The standard interface files (Version I) adopted

by the Committee for linking the above codes are:
ADMNSTR (administration and control file con-
taining dimension ar.d 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-section 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-

erences 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 card input, file printing,

and restart capabilities.



The linked system was developed to achieve a

thorough verification and test of the interface

files. However, the system, or components of the

system, should provide capabilities useful to

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 readily provided.

The present system of codes represents only an

interim development. A new set of interface files

(Version II) of greater efficiency and broader capa-

bilities has been developed. The system is pres-

ently being adapted to these new interfaces. Other

more advanced codes are also being adapted to the

new interfaces and will be tested as components of

the system.

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

SEG1 is 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 is called, control is returned

to the calling routine, which may then call any of

the subroutines in the called segment. Segmentation

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 0. These calls are at

the complete control of the user through card input.

The codes and service modules are listed in Table I.

II. SYS'.EM-LINKAGE PROCEDURES

Linking of the codes is accomplished through

the segmentation facilities available on the CDC
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6600 computer. The set jf 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 executing 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 J-i converting the system of

codes to the overlay systems available on other

types of computers. These conversion procedures

are discussed In detail la Appendix A.

The format of SEGMENT specification statements

is

SEGMENT (SEG1, SUB1, SUB2, ...)

where SEG1 is the name of the segment, and SUB1,

SUB2, ... are the names of the subroutines included

in the segment. SEG1 is loaded using a statement

of the form

CALL SEGMENT (4HFTLE, LEVEL, 4HSEG1, LIB, MAP)

where

TA3LE X

REACTOR CODE SET

Call Mame File Code or Module

n

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

ETX ETX ETOX code for processing cross
sections.

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

ANI ANI ANISN code — one-dimensio\p\ Sn

or diffusion code.

DOT DOT D0T2DB code — two-dimehsioncl S,
or diffusion code.

CLB CLB CLUB code — burnup code, which
may use fluxes from 1DX, ANISN,
or D0T2DB.

DAC DAC Onu-, two-, or three-dimensional
perturbation code, which may use
total fluxes and currents or S n

angular fluxes from IDS, ANISN,
or D0T2DB.

INP SER Service module for processing
card input.

PRN SER Service module for printing in-
terface files.

FLO SER Service module for retrieving
files from tape for restart.

FL1 SER Service module for storing files
on tape for restart.

Communication between cocUa and modules is ac-

complished by means of binary interface data files.

The set of standard files In the system is given In

Table II.

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 Sn constants file.

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

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 sections.

PERTMTGP Perturbed multigroup cross sections.

ZONEDENS Zone atomic densities.

are incorporated is. spscial filos called code-

dependent files. These files are listed in Table

III.

TABLE III

CODE-DEPENDENT FILES

File Name Contents

ETX INPT ETOX input

ODX IKPT 1DX input

ANI INPT ANISN input

OCf INPT DOT2DB input

CLB INPT CLUE input

DAC INPT DAC input

Initially, the operation of tha 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 onto indi-

vidual disk files using control cards such as

COPYBF(CODEB, ETX)

REWIND(ETX) .

The second taps (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 is 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 of another code. In the two latter

cases, where files already exist, INP may be called

to alter the existing files selectively. The print

module PRN is usually called to print files that

wore created or extensively altered by execution of

INP and to obtain prints of code output files.

A simple example of a path is

INP ANI PRN .

INP is used to create the input files ADMNSTR, SN

CONS, CEO 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

filei, including the GRP FLXS file generated by

ANISN.

In executing this path, the three level 1 seg-

ment calls

CALL SEGMENT (3H3ER, 1, 4HINPS, LIB, MAP)

CALL SEGMENT (3HANI, 1. 4HANIS, LIB, MAP)

TALL SEGMENT (3HSER, 1, 4HPRUS, LIB, MAP)

aro 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

(AN'IS) to be different.

The CLU3 code is a special caae because it in-

volves a ".laeed-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 is 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 conceivabli

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

(4) INP PRN CLB .

In path (1), ETX and ODX provide a multigroup

cross-section file for use in c DOT2DB problem. In



path (2), a two-dimensional diffusion calculation

is performed in the first DOT call. The diffusion

fluxes provide a good flux guess for a two-

dimensional S 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 S option. Because of the overlay

facilities in the input processor, only the input

for changing 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-

tion. As mentioned before, OCX, ANI, or DOT may be

used to provide the fluxes for the burnup calcula-

tions. Any path can be interrupted with un FL1

cell 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. For such procedures, the

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

statement in DRIVER. The procedures required for

converting a code or subtec of codes into a free-

standing fixed-calculation facility are similarly

straightforward.

Any free-standing interfaced code can be added

r.o the system by converting it to the segmentation

form without changing the existing system. However,

it would ultimately be desirable to add any code-

dependent input required by the new code to the

service modules.

An interfaced version of the MC cross-section

processing code is available for use with the sys-

tem; however, it has not been converted for direct

access by a path call. Because of the computation
2

times involved in the MC calculations, users would

normally prefer to operate it as a free-standing

code. The output KULTIGRP file from MC , however,

is written on a tape that can be accessed by the

system.

III. SERVICE MODULES

There are three service modules in the code

system that provide various file handling services,

including creation of files from card input,

printing of files, and storage and retrieval of

files. These functions are discussed below.

A. Input Processor (INP)

All card input for the system except for input

to MC and the print processor io processed by INP.

The detailed definition and description of the card

input are given in Appendix B. The input is organ-

ized in terms of the data files listed in Tables II

and III. A set of flags is read first by INF to

control the handling of input for each file. The

options available are:

(1) Bead entire file from cards.

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

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

(4) Skip fiie. 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) is requested for a given file,

the first record read from cards for that file con-

tains a set of record read control flags. These

flags enable the user to overlay or skip over each

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 completely in standard FORTRAN. This sub-

routine is described in a separate report. Nu-

meric entries are delimited by blanks, and numerics

are interpreted as integers if they contain no deci-

mal point or exponent. Otherwise, numerics are

taken to be floating-point numbers. Hollerith data

are delimited by asterisks. The maximum size of a

Hollerith word is six characters; however, a Holler-

ith string containing more than six characters is

allowed, as in

*INPbbbPRN* .



In this example, INPbbb is loaded as the first word,

and PRN is loaded left-adjusted as a second word.

A record must be terminated by T. A slash (/) may

be used to signify an end to the data to be stored

from a given card. Comments may be inserted after

T or / on a card or otherwise may be set off by

dollar signs ($). Card images are printed as they

are read.

In addition to the skip option cited above, re-

peat, nested repeat, and interpolate options are

also available. The repeat option is of the form

Rn(a,»»,c,...) ,

where a is an integer signifying that n copies of

the array contained in the parentheses are to be

stored. The a,b,c,... arguments of r.he repeat oper-

ation may be numerics, nested repeats, and/or inter-

polation operations. The interpolation operation

is of the rorm

In(a) ,

which directs that n interpolates, between the last

word read prior to r.he I operation and a, be calcu-

lated and stored. Tha R and I specifications must

contain no imbedded blanks, and commas must be used

to separate items in an argument list. Several

error diagnostics and associated printed comments

are provided.

B. Print Processor (PRN)

This processor provides the option to print

files or selected records of files at any point in

the path. As in INP, a set of flags that govern

the printing of files ±3 read first. The three

options available are:

(1) Skip file.

(2) Print entire file.

(3) Print selected records In file.

If Option (3) is used, additional flags 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. Conse-

quently, it is planned that eventually individual

codes will print only informacion that indicates

the progress of calculations such as iteration

aionitor lines.

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

Both scorage 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 flLea from disk

to tape 50.

A common array NFILES is used for storing the

logical unit number of the files. NFILES is ini •

tialized to zero by DRIVER, and the associated logi-

cal unit numbers are stored in NFILES as files are

created. NFILES ir also written as the first record

on tape 50 when an FL1 call is made. When files are

read under FLO, a zero in NFILES signals to FILER

that the associated file does not exist and is to

be omitted in the transfer operation. The NFILES

record on tape is also read into the NFILES array

uiider FLO to restore the configuration of logical

units associated with the disk files. Methods used

to assign logical unit numbers and buffers to the

interface files ar>'i discussed In Appendix C.

D. Segmentation Structure of Service Modules

The segmentation structure of the service mod-

ules ic given in Table IV. As indicated in Table I,

TABLE IV

SERVICE MODULE SEGMENT STRUCTURE

Call Name Segment Name
Routines Included

in Segment

DRIVEl(SEGZERO) DRIVER, BUFOPEN, STOW,
REED, RITE

INP

PRN

FL0.FL1

INPS

PRNS

FILR

CDINP, SNIFF, RGEN,
IFDGIT, ITGR, FLOT,
SETFMT

FPRINT, RGEN, IFDGIT,
ITGR, FLOT, SETFMT,
SNIFF, WOT, WOT8, WOTI

FILER

these segments, except for DRIVE1, are stored in

file SER. DRIVE1 is the main segment of the system,

which is loaded at levsi 0. This segment is pre-

scribed in e. special specification statement

SSGZERO(DRIVE] ,JRIVER,BUFOPEN,STOW,REED,RITE) .

The service modules e*ch consist o£ a single level

1 segment. These segments are loaded by DRIVER.

Subroutines in the service modules are described in

Table V.



Routine

DRIVER

31F0PEN

stow

RKED

R'.CTE

SNIFF

CliINP

RGEN

IFDGIT

ITGB

FLOT

SETFMT

FPRINT

WOT

WOT8

WOT I

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.
Called by DRIVER and SNIFF routines to
assign buffers to fil«j.

Small loutine 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 ether than FORTRAN I/O 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 a 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, SNIFF should be altered or
replaced to suit local file environment.

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

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

Identifies integer characters.
RGEN.

Called by

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

Decodes a string of Hollerith charactexs—
to form a signedJlaa£4Bg-pcrinT~constant.

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, W0T8, and WOTI.

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

Prints up to eight 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 capabilities are summarized.

A. ETOX Code

The ETOX (ENDF/B TO 1DX) code processes the

Evaluated Nuclear Data File (ENDF/B) to produce
14

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 In standard binary (Mode 1) form,

details 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-dilution

group cross sections, inelastic-transfer matrices

(P. with downscatter only), and resonance-shielding

factors by group for specified values of temperature

and a (total cross section per atom). The princi-

pal advantage of this form of output is that calcu-

lations can be made for fast reactors of' various

j:ompos-itions~ and~ temperatures using the same set of

group constants. This is done by interpolating on

the resonance-shielding factors.

A segment in the code is available for creating

or updating a cross-section library. The new library

is written on tape 46. If an old library is to be

updated, it must be assigned to tape 47. Also, the

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). Input

parameters must be within the ranges specified in

the ETX INPT file description; otherwise, a comment

is printed and the run is terminated.

The segmentation structure of the ETOX code is

shown in Table VI. ETXS, the leve] 1 segment, is

loaded by DRIVER. All level 2 segments are loaded

by subroutine MAIN, level 3 segments FIL2 and FIL3

are loaded by subroutine ENDFB, and level 3 segments

0VLAY21 and OVLAY22 are loaded by subroutine RESON.



TABLE VI

SEGMENTATION STRUCTURE OF ETOX CODE

Segment Segment
Level Name Subroutines Included in Segment

1 ETXS MAIN, ERRF, ERROR, FFLUX
TERP1, ZERO, RETREV, CHI, AVER,
AVSEC, SNIFF

2 WLIBR WLIE, W

2 INPTR INPT

2 0VLAY10 ENDFB, FILE1, LOCISO, HEADR

2 0VLAY20 RESON, AVSECR, AJK, NA23, QK,
QUICKW, RELIB

2 FFAC FFACJJR

2 OVLAY30 INELAS, FILE5, INTERP, INTOR?

2 OVLAY40 OUTPDX

2 PUPXS PUPX, UPDATE, PRINT, INPUT,

OUTPUT, NTRAN

3 FIL2 FILE2

3 FIL3 FILE3, SETUP1, TSUM, MISS,

REMT., VER2, CAPSUM, WCP, TERP2

3 OVLAY21 RRES, SR, SETUFG, ROMB

3 OVLAY22 URES, SETUPJ

A simplified flow diagram for the ETOX code is

shown in Fig. 1 (system library routines are not

shown), and a brief description of each subroutine

is given In Table VII. Two formerly free-standing

codes, WLIB and PUPX, are incorporated as segments

in the ETOX code. WLIB computes a table of psi and

chl functions for the complex probability integral

ana is called at the beginning of a calculation be-

fore cross-section processing begins. PUPX creates

or updates a library of cross sections and is called

after all of the isotopes in the problem have been

processed.

ETOX contains a number of programmed error

stops; the reason for some of the error stops is

stated explicitly in the output. However, many of

the stops are identified only by the comment ERROR

STOP N, where N may have any of the values given in

Table VIII. The subroutine In which this type of

error stop occurs and the condition causing the

stop are given in Table VIII.

TABLE VII

DESCRIPTION OF SUBROUTINES IN ETOX CODE

Subroutine

MAIN

SNIFF

WLIB

W

ZERO

INPT

ENDFB

Description

Controls the overall flow of the ETOX
calculation and reads the first part
of the ETX INPT data file. Also loads
all level 2 segments. Called by
DRIVER and calls subroutines BUFOPEN,
WLIB, ZERO, SNIFF, INPT, ENDFB, RESONs
FFACNR, INELAS, OUTPDX, CHI, and PUPX.
BUFOPEN is part of the DRIVER module.

Assigns a file number corresponding to
a given file name and assigns a parti-
cular buffer to the file. Calls
BUFOPEN (see DRIVER module) and is
called by MAIN, FILE2, FILE3, RETREV,
WCP, TSUM, RELIB, URES, INELAS, and
OUTPDX.

Controls calculation of psi and chi
functions (W table) for the complex
probability integral. Called by MAIN
and calls W.

Computes W table. Called by WLIB.

Zeros out arrays in common. Called by
MAIN, FILE3, TSUM, CAPSUM, RESON, SR,
URES, and OUTPDX.

Reads remainder of ETX INPT data file
and edits all tne input data. Called
by MAIN.

Controls reading of ENDF/B library
tape. Also loads level 3 segments
FILE2 and FILE3. Called by MAIN and
calls HEADR, LOCISO, FILE1, FILE2,
and FII.E3.

Subroutine Description

HEADR Reads ENDF/B tape ID record. Called
by ENDFB and calls ERROR.

LOCISO Locates isotope on ENDF/B library
tape. Called by ENDFB and calls
ERROR.

FILE1 Rea^s File 1 data (general informa-
tion) from ENDF/B tape. Called by
ENDFB and calls ERROR.

FILE2 Reads File 2 data (resonance param-
eters) from ENDF/B tape. Called by
ENDFB and calls ERROR and SNIFF.

FILE3 Reads File 3 data (smooth cross sec-
tions) from ENDF/B tape. Called by
ENDFB and calls REMT, SNIFF, ERROR,
SETUP1, TERP2, ZFJtO, and TSUM.

REMT Locates a particular cross-section
type on the ENDF/B tape. Called by
FILE3 and calls CAPSUM, MISS, ERROR,
VER2, and WCP.

CAPSUM Calculates the total capture cross
section at fine-group points by sum-
ming all capture components. Called
by REMT and calls TERP2 and ZERO.

TERP2 Interpolates a series of points accord-
ing to ENDF/B specifications. Called
by FILE3 and CAPSUM and calls ERROR
and TERP1.



Fig. 1. Simplified flow diagram for ETOX code.



Subroutine Description

XEEP1 Interpolates one point according to
ENDF/B specifications. Called by
TERP2, VER2, and URES and calls ERROR.

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

VER2 Computes inelastic-scattering cross
sections from File 3 data. Called by
REMT and calls TERP1, FFLUX, and ERRF.

FF!,UX Computes fission flux spectrum. Called
by SETUP.l, VER2, INELAS, and OUTPDX.

ERRF Calculates the error function. Called
by CHI, VER2, and INELAS.

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

SETUP1 Sets up the fine-group energy mesh.
Called by FILE3 and calls ERROR and
FFLUX.

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

RETREV Reads File 3 smooth cross sections
previously written on a scratch file
by F1LE3. Called by TSUM, AVSEC,
AVSECR, SETUFG, RRES, SETUPU, URES,
FFACNR, and INELAS and calls SNIFF and
ERROR.

RESON Controls resonance region calculations.
Also loads level 3 segments 0VLAY21
and OVLAY22. Called by MAIN and calls
NA23, ZERO, AVSEC, RELIB, AVSECR, RRES,
and URES.

NA23 Calculates resonance cross sections

for 23jia only. Called from RESON and
calls RELIB and QK.

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

QK Calls qUICKW and is called by NA23 and
SR.

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

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

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

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

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

TABLE VII (cont.)

Subroutine Description

SETUFG

ROMB

SR

URES

SETUPU

AJK

FFACNR

INELAS

FILE5

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, TERP1, AJK, RETREV, and AVER.

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

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

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

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, FILE5,
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 ERROR.

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 TAPED
infinite-dilution group cross sections
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, FILE1, FILE2,
FILE3, SETUP1, TERP1, 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.



Subroutine

UPDATE

PRINT

INPUT

Description

Creates or updates a library of ETOX
cross sections. Called by PUPX and
calls INPUT, OUTPUT, and NTRAN.

Prints cross-section data from the
output library. Called by PUPX and
calls NTRAN and INPUT.

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

TABLE VII (cont.)

Subroutine

OUTPUT

NTRAN

Deacription

Writes cross-section data on the out-
put library tape. Called by UPDATE
and calls NTRAN.

Either skips over a specified number
of files or writes an end-of-file on
the ETOX library tape. Called by UP-
DATE, INPUT, OUTPUT, and PRINT.

10

11

12

13

14

15

Routine

URES

HEADR

LOCISO

TABLE VIII

SUMMARY OF "ERROR STOP N" OCCURRENCES IN ETOX CODE

Condition Causing Error Stop N Routine Condition Causing Error Stop

5 FILE1

6

7

8

FILE2

K3.GT.6. Dimension of a subscript-
ed variable exceeded.

(MF-tMT).NE.O. File number and in-
teraction type should be zero in
ENDF/B header record.

MAT.EQ.-l. End of data on ENDF/B
tape.

MAT.GT.MATS. Could not find the
specified material on the ENDF/B
tape. This error stop occurs if
the materials are not processed in
the order in which they reside on
the ENDF/B tape because the tape is
not rewound after each material is
processed.

MAT.NE.MATN. Not positioned to
correct material on ENDF/B tape.

MF.NE.l. Not positioned to correct
file on ENDF/B tape.

MT.NE.451. Not positioned to cor-
rect interaction type on ENDF/B
tape.

MAT.EQ.O. Material number read
from ENDF/B tape should not be
equal to zero at this point.

LNU.EQ.0.OR.LNU.GE.3. Type repre-
sentation for v(E) from ENDF/B
should be equal to either one or
two.

MT.NE.452. See Error Stop 7.

NC.GT.10. Number of terms used in
polynomial representation (LNU=1)
of \f(E) exceeds the dimension of a
subscripted variable.

N18.GT.250. Number of points at
which v(E) is given on the ENDF/B
tape (LNU=2) exceeds the dimension
of a subscripted variable.

MAT.NE.MATN. See Error Stop 5.

MF.NE.2. See Error Stop 6.

MT.NE.151. See Error Stop 7.

16 FILE2 NER.NE.1.AND.NER.NE.2. This ENDF/B
parameter indicates the number of
energy regions in the resonance
range.

18 LRU.NE.1.AND.LRU.NE.2. This ENDF/B
parameter indicates whether there
are resolved (LRU-1) or unresolved
(LRU-2) resonances in the energy
region in question.

19 LRF.NE.l. This ENDF/B parameter
indicates the form in which the re-
solved resonance data are given.
Only single-level Breit-Wigner data
(LRF«1) can be handled by the cur-
rent version of ETOX.

20 NLS1.GT.5. Limitation on the num-
ber of i. states allowed in the
resolved resonance region.

21 INDEX.GT.2S0. Total number of re-
solved resonances exceeds the
dimension of several subscripted
variables.

23 LFW.NE.0.0R.LFW.NE.1. ENDF/B pa-
rameter indicating whether average
fission widths for the unresolved
region are given (LFW-1) or not
(LFW-0).

24 INDEU.GT.250. Total number of un-
resolved resonances exceeds the
dimension of several subscripted
variables.

25 LFW.NE.l. LFW (see Error Stop 23)
should be equal to one at this
point in the code.

26 NI.S1.GT.3. Restriction on the num-
ber of S. states in the unresolved
region.

27 NJS1.GT.3. Restriction on the num-
ber of j states in the unresolved
region.

28 NEU1.GT.100. Restriction on the
number of energy points at which
energy-dependent widths are tabu-
lated for the unresolved region.

10



N

30

31

32

33

35

36

37

38

39

40

41

42

Routine

FILE2

TABLE VIII (cont.)

Condition Causing Error Stop N Routine

43

REMT

REMT

TERP2

TERP1

i

SETUP1

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

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

MF.NE.3. See Error Stop 5.

MTX.GT.108. See Error Stop 7.

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

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

K.GT.N1. Interpolation table in
ENDF/B is incorrect.

II.LE.O. Interpolation code In
ENDF/B is out of range.

XP.LE.O. Zero or negative value of
X cannot be Interpolated by logs.

XA.EQ.XB. Cannot interpolate on a
discontinuity (X1-X2).

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

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

MFFL.EQ.MFFU. Test on the lowest
and highest group numbers for re-
sonance shielding calculations.

45 SETUPU

48 RRES

50 FILE5

51

52

53

54

55

56

998 RETREV

999 ?U.E2

Condition Causing Error Stop

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

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

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

INDEX.GT.2000. Total number of
tabulated data points in ENDF/B for
ail partial distributions exceeds
the dimension of several subscript-
ed variables.

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

INDEX.GT.2000. Same as Error Stop
51 but in a different section of
the routine.

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

INDEX.GT.2000. See Error Stop 53.

NR1.GT.10. See Error Stop 54.

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

JD.LT.0. See Error Stop 998.

wep
FILE3
URES
INELAS
OUTPDX

B. IPX Code

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

sphere), multigroup, diffusion-theory code designed

primarily to compute resonance-shielded and

collapsed-group cross sections. The code can also

be used to compute k _,, compute alpha, or perform

criticality searches on material concentrations,

region dimensions, and buckling for either regular

or adjoint cases. Alpha or k ,. 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 calculated

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 oQ.

Interpolation schemes are used to compute shielding

factors and effective cross sections applicable tr

the specific compositions and t<imperatures in the

reactor. After the flux calculation, 1DX computes

collapsed cross sections averaged over the spectrum

in any specified zone. Collapsed cross-section

output is in standard MULTIGRP format.

11



If cross-section data are to be read from an

EXOX 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, GRF FLXS (either

regular or adjoint), MIX DATA, and MULTIGRP (either

reference or perturbed). Input data not contained

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 MPT, ADMNSTR, GEO DIST, and MIX DATA

are always required. If the flux guess is to be

read from GRP FLXS and the cross sections are to be

read from MULTIGRP, these two data files must also

be available.

Standard data files that can be created by 1DX

are INTQUANT, GRP FLXS (either regular or adjoint),

ZONEDENS, and hJLTIGRP (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 1+1 by either the DRIVER module (I"0) or

by the CLUB code (1-2). All level 1+2 segments are

loaded by subroutine MAIN. Level 1+3 segment MULTI

is loaded by subroutines INP, RECS, and CRUNCH.

Level 1+3 segment DATFS is loaded by subroutines

INP and FINPR.

TABLE IX

SEGMENTATION STRUCTURE OF 1DX CODE

Subroutines Included
in Segment

Segment
Level3

1+1

1+2

1+2

1+2

1+2

1+2

1+3

1+3

Segment
Name

ODXS

INPR

RCXS

RCCAL

FLXCAL

XSCOL

MULTI

DAT.'S

MAIN, ERR02, CLEAR, RCSTUP,
SNIFF, MIXDAT, NTRAN

FXINP, ADMNST, INP

RCINP1, RCPUP, RCPRT1, RCCHK

RCCAL1, RCCAL2

RCCSS, RECS, INIT, FISCAL,
MONPR, OUTER, INNER1, INNER,
CNNP, FINPR, NBAL

GRAM, CRUNCH, INTQUA, ZONEDE

MULTIG

3RPFLX, GEODIS

> 0 if 1DX is loaded by DRIVER, and 1-2 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. Several other error stops are

identified only by the subroutine and statement

number where the error occurred. Conditions lead-

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

Subroutine

MAIN

INP

TABLE X

DESCRIPTION OF SUBROUTINES IN 1DX CODE

Description Subroutine

Controls overall flow of 1DX calcula-
tion and loads segments INPR, RCXS,
RCCAL, FLXCAL, and XSCOL. Called by
DRIVER and CLUB and calls subroutines
BUFOPEN, INP, RCINP1, RCSTUP, RCCAL1,
RCCAL2, RCCSS, RECS, INIT, FISCAL,
MONPR, OUTER, CNNP, FINPR, GRAM, and
CRUNCH. BUFOPEN is pare of the DRIVER
module.

Controls reading, writing, and print-
ing of all input data except cross
sections. Also loads segments MULTI
and DATFS. Called by MAIN and calls

Description

ADMNST, ERRO2, GRPFLX, GEODIS, MULTIG,
MIXDAT, and FXINP. In the call to
subroutine MULTIG at this point, only
the velocities and fission spectrum
are read from the MULTIGRP file.

ADMNST Reads the ADMNSTR standard file.
Called by INP and calls SNIFF.

SNIFF Assigns a buffer to a specified logi-
cal unit. Called by ADMNST, GRPFLX,
GEODIS, INTQUA, ZONEDE, MIXDAT, and
MULTIG and calls BUFOPEN. BUFOPEN is
in the DRIVER module.

12



Subroutine

NTRAN

ERR02

GRPFLX

GEODIS

MULTIG

MIXDAT

FXINP

RCINP1

RCPUP

RCPRT1

RCCHK

RCSTUP

Description

TABLE X (cent.)

Subroutine

RCCAL1

RCCAL2

RCCSS

Writes an end-of-flie on a specified RECS
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, INIT
CNNP, INP, and MULTIG.

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

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

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

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

Assigns a flat flux guess. Called by
INP.

Description

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 cross-section data in the Bon-
darenko format. Called by RCPUP.

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

Calculates a table of Og-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 aQ. Called by MAIN.

Calculates the appropriate Cg for each
Isotope in the mix. Since 0Q cannot
be calculated until the appropriate
shielding factors are known (and vice
versa), iteration is required between
RCCAL1 and RCCAL2. RCCAL1 is called
by MAIN.

Calculates resonance-shielding factors
for each isotope appropriate to the
value of a0 computed in RCCAL1. This
is done by interpolating on the table
of OQ-dependent values computed in
RCSTUP. RCCAL2 is called by MAIN.

Calculates resonance-shielded cross
sections by applying the appropriate
shielding factors to the infinite-
dilution cross sections. Called by
MAIN.

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 calls 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
fission spectrum and the fission rate.
Called by MAIN and calls ERR02 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 race.
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. Called by
MAIN and calls INNER1 and INNER.

Calculates coefficients for the flux
equation. Called by OUTER.

Calculates the flux for a specified
group (inner 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.
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TABLE XI

ERROR STOPS IN 1DX CODE

Routine

MULTIG

Statement
Number

51

MULTIG

MULTIG

MULTIG

CNNP

INIT

53

82

84

130

140

INP

INIT

250

520

Condition Causing Error Stop

Incorrect number of energy
groups in the input MULTIGRP
file.

1DX cannot read Bondarenko
data from the MULTIGRP file.

1DX cannot read a MULTIGRP
file that contains upscatter.

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

Zero fission source.

Error in the 10 or II tables,
i.e., IO(M)>MT or I1(M)>MT
for some l<M<M01.

Input parameter S03 cannot
equal zero if IS02^0 (see
ADMNSTR file description).

RKI+1) - R1HH0 where the
array Rl contains the current
mesh boundaries.

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

C. ANISN Code

The ANISN code is a one-dimensional (slab,

cylinder, or sphere) transport theory (S ) code

with general anisotropic scattering. A diffusion

solution can also be executed for specified groups.

This code can perform a fixed source, k ,_, 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 k __ 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 (either 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 adjoii.t)

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



Input data not available In the standard flies are

read from the ANI INPT file. Card Input for the

creation of the ANI INPT file Is described In

Appendix B. Standard files created are INTQUANT,

ZONEDENS, and GRP FIAS (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 -HI. The AMIS segment is loaded at level

1+1 where 1-0 if loaded by DRIVER and 1-2 if loaded

by CLUB. All the level 1+2 segments are loaded by

subroutine MAIN. A simplified flcs diagram for the

ANISN code Is shown in Fig. 3, and a brief descrip-

tion of each subroutine In the code is given in

Table XIII. Causes of error stopa are explicitly

identified in the output.

P. DOT2PB Code

The DOT2DB code is a combination of the 2DB

code and the DOT code. It can solve either

the transport theory (S ) or the diffusion theory

multigroup equations in two space dimensions. If

diffusion theory is specified, selected groups can

be treated by S . Solutions can be obtained in

slab (X-Y) and cylindrical (R-Z or R-8) geometries.

An additional option, triangular geometry, is avail-

able if diffusion theory is specified for all groups.

Anisotropic scattering cf any order is allowed in

the S option. In the diffusion theory option,

anisotrcpic scattering is treated in the transport

approximation. That is, the P. scattering matrix,

when provided, is used to calculate the transport

cross section.

Either direct or adjoint fluxes can be com-

puted for fixed volume-distributed source, k „ ,

alpha, concentration search, delta search, or fixed

boundary source problems. Alpha or k „, can be

used as a parametric eigenvalue In search calcula-

tions. In addition, activities for any material in

the system can be computed by interval and zone.

Cross-section input to DOT2DB is obtained ex-

clusively from the MULTIGRF file. Although the

calculational portion of the code car "Teat aniso-

tropic scattering, subroutine S860, w ich reads the

MULTIGRP file, cannot do so at present. Other

standard data files required are ADMNSTR, SN CONS,

GEO DIST, MIX DATA, and GRP FLXS (either regular or

adjoint). The flux guess is always read from GRP

FLXS, and SN CONS is always read because of the

TABLE XII

SEGMENTATION STRUCTURE OF ANISN CODE

Segment Segment
Levela Name

Subroutines Included
in Segment

1+1

1+2

1+2

1+2

ANIS MAIN, WOT, TIME, SNIFF

0VLAY1 PLSNT, TP, ADJNT, S805, S804,
S814, WDT8

OVLAY2 GUTS, HEART, S8O7, S810, S821,
DT, S824, S833, S851

0VLAY3 FINPR1, FINPR, PUNSH, DTFPUN,
FLTFX, BT, SUMARY, WRITE, FEWG,
WATE

aI«0 if ANISN Is loaded by DRIVER, 1-2 if loaded by
CLUB.

\
—IPUNSH I—IDTFPUN

Fig. 3. Simplified flow diagram for ANISN code.
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Subroutine

MAIN

TABLE XIII

DESCRIPTION OF SUBROUTINES IN ANISN CODE

Description Subroutine

WOT

TIME

SNIFF

PLSNT

TP

ADJNT

S805

S804

S814

WOT8

GUTS

HEART

S807

S810

Controls overall flow of ANISN calcula-
tion and loads segments OVLAY1, OVLAY2,
and 0VLAY3. Called by DRIVER and CLUB
and calls BUFOPEN, TIME, PLSNT, GUTS,
and FINPR1. BUFOPEN is included in
the DRIVER nodnle.

Prints one-, two-, or three-dimensional
arrays. Called by PLSNT, S807, FINPR,
SUMARY, and WATE.

Obtains and prints elapsed CP time for
the job. Called by MAIN.

Assigns a file number corresponding to
a given file name and assigns a parti-
cular I/O buffer to che file. Called
by PLSNT. TP, and SUMARY and calls
BUFOPEN (see DRIVER module).

Controls the reading of all the input
data and computes pointers for vari-
able dimension arrays. Called by MAIN
and calls SNIFF, TP, S804, ADJNT, S814,
WOT8, and WOT.

Reads cross sections, source, and flux
or fission guess and copies the data to
scratch files if it does not all fit in
core. Called by PLSNT and calls SNIFF,
S805, and ADJNT.

Performs group reversal of specified
arrays. Called by PLSNT and TP.

Rearranges cross-section matrices for
adjoint calculations. Called by TP.

Checks S n constants and computes Pj,
constants. Called by PLSNT.

Computes areas and volumes, performs
source normalization, and computes to-
tal fixed source by group. Called by
PLSNT.

Prints up to eight one-dimensional ar-
rays. Called by FLSNT.

Called by MAIN and calls HEART.

Controls the outer iteration loop.
Cf.lled by GUTS and talle S807, S810,
S321, S824, DT, S833, and S851.

Mixes cross sections. Called by HEART
and calls WOT.

Computes geometry-dependent arrays.
Called by HEART.

Description

WATE Performs group collapse of cross sec-
tions. Called by FEWG and calls WOT
and PUNSH.

PUNSH Sets up each card to be punched by
DTFPUN. Called by WATE and calls
DTFPUN.

DTFPUN Punches collapsed cross sections in

DTF format. Called by PUNSH and calls
FLTFX.

FLTFX Converts a floating point number to an
integer. Called by DTFPUN.

S821 Computes and normalizes fission source
Also normalizes fluxes and currents.
Called by HEART.

DT Performs diffusion theory inner itera-
tion. Called by HEART.

S824 Computes total source (exclusive of
self-scatter) for each interval.
Called by HEART.

S833 Performs transport theory (Sn) inner
iteration. Called by HEART.

S851 Performs outer iteration convergence
tests and computes new parameters for
search calculations. Called by HEART.

FTNPRl Prints final monitor line and sets up
pointers for activity and collapsing
calculations. Called 'ay MAIN and call
FINPR, BT, and FEWG.

FINPR Computes and prints activities and
prints scalar flux and sources. Calle
by FINPR1 and calls WOT.

BT Determines storage needed for balance
tables. Called by FINPR1 and calls
SUMARY.

SUMARY Computes and prints summary tables,
prints angular fluxes, and writes
INTQUANT, GRP FLXS, and ZONEDENS data
files. Called by BT and calls WRITE,
WOT, and SNIFF.

WRITE Writes one-dimensional arrays on a
scratch file. Called by SUMARY.

FEWG Performs preliminary calculations for
cross-section collapsing. Called by
FINPR1 and calls WATE.

16

V-



possibility of mixed diffusion-S calculations. In-
n

put data not available in the standard files are

read froa the DOT IHFT file. Card input for creat-

ing this file with the INP module is described in

Appendix B. Standard files created by D0T2DB are

INTQUANT, ZONEDENS, and GRF FLXS (either regular or

adjoint).

The DOT2DB code can bet loaded by either the

DRIVER module or the CLUB code and is segmented as

shown in Table XIV. The DOTS segment 1 B loaded at

level 1+1, where 1-0 if loaded by DRIVER and 1-2 if

loaded by CLUB. All of the level 1+2 segments are

loaded by subroutine MAIM. Level 1+3 segments

D0TTY2 and DOTTY3 are loaded by subroutine INP, and

the remaining level 1+3 segments are loaded by sub-

routine OUTER.

Segment
Levela

1+1

1+2

1+2

1+2

1+3

1+3

1+3

1+3

SEGMENTATION

Segment
Name

DOTS

DOTTYl

D0TTY4

DOTTY.')

DOTTY::

D0TTY3

D0T4A

DOT4B

TABLE XIV
STRUCTURE FOR DOT2DB CODE

Subroutines Included
in Sestment

MAIN, SNIFF, BUFCL, BUFOP, CLEA1
CLOCK, ERR02, WOT

INP

S8830, OUTER, INIT, W0T8,
FISCAL, S8847, CNNP

S8850, SUMRY, ACTVTY

S860

S862, S863, RSTD, PCON, MAPR

INNER, GRIND

DTC, IFLUXN, DTP, DTJ, DTI

1=0 if DOT2DB loaded by DRIVER, 1=2 if loaded by
CLUB.

Variable dimensioning is used in DOT2DB, and

the code has been processed with the DYNBUF code

to simulate dynamic buffer allocation on the CDC

6600. A simplified flow diagram is shown in Fig. 4.

Subroutines BUFOP and BUFCL, which provide dynamic

buffer allocation and are called by many of the

D0T2DB subroutines, are not shown. A brief descrip-

tion of each subroutine is given in Table XV.

Most error stops in DOT2),B are identified only

by the message "ERR0R(H,I> DETECTED," where H is a

four-character Hollerith word and I is an integer.

Conditions resulting in thitf type of error message

are summarized in Table XVI. Causes of all other

error stops are explicitly identified in the output.

FISCAIt 1ERRO21

IS88301 Iclockl

DTI I 1 CLOCK I

JTFT.HXK!

ICNNP t - JERR02I

Fig. 4. Simplified flow diagram for D0T29B code.
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TABLE XV

DESCRIPTION OF SUBROUTINES IM DOT2DB CODE

Subroutine

MAIN

Description

BUFOP

B'JFCL

ERR02

INP

CLEAR

SNIFF

S860

S862

S863

RSTD

PCON

MAPR

Controls the flow of the D0T2DB calcu-
lation and loads segments D0TTY1,
D0TTY4, and D0TTY5. Called by DRIVER
and CLUB and calls BUFOP, INP, INIT,
FISCAL, S8830, ERRO2, OUTER, S8847,
CNNP, BUFCL, S8850, SUMRY, and ACTVTY.

Assigns a buffer to a specified logi-
cal unit. Calls BUFOPEN (see DRIVER
routines) and is called by MAIN, INP,
SNIFF, INIT, FISCAL, OUTER, S8847,
S8850, SUMRY, ACTVTY, S860, S862, S863,
RSTD, MAPR, S8830, WOT8, INNER, GRIND,
DTC, DTP, ERRO2, WOT, DTJ, and DTI.

Rewinds a specified logical unit and
releases the buffer assigned to the
unit. Called by MAIN. SNIFF, INP,
S860, S862, S863, RSTD, OUTER, INIT,
FISCAL, S8847, S8850, SUMRY, and
ACTVTY.

Prints error messages. Calls BUFOP and
is -ailed by MAIN, INP, S860, INIT,
FISCAL, and CNNP.

Coordinates reading of the input data,
loads segments D0TTY2 and DOTTY3, cal-
culates pointers for array variables,
and reads ADMNSTR file and control
parameters from DOT INPT file. Called
by MAIN and calls CLEAR, SNIFF, BUFOP,
BUFCL, ERRO2, S860, S862, S863, RSTD,
PCON, and MAPR.

Sets a specified numer of elements in
a given array to a specified value.
Called by INP, S860, OUTER, INIT,
SUMRY, and ACTVTY.

Assigns a file number corresponding to
a specified file name. Called by INP
S860, S863, RSTD, S8847, and SUMRY and
calls BUFOP and BUFCL.

Reads cross sections from the MULTIGRP
file, checks cross-section balance, and
rearranges the cross sections for the
adjoint case. Called by INP and calls
SNIFF, ERRO2, BUFCL, BUFOP, and CLEAR.

Reads the distributed fixed source from
the DOT INPT file. Called by INP and
calls BUFCL and BUFOP.

Reads the fixed boundary source from
the DOT 1HPT file. Called by B1P and
calls SNIFF, BUFOP, and BUFCL.

Reads SN CONS, GEO DIST, and GRP FLXS
files and the remainder of the DOT INPT
file. Called by INP and calls SNIFF,
BUFOP, and BUFCL.

Calculates
INP.

constants. Called by

Subroutine

INIT

Description

WOT

W0T8

FISCAL

S8830

CLOCK

OUTER

INNER

GRIND

DTC

DTP

DTJ

DTI

IFLUXN

Prints zone and material maps,
by INP and calls BUFOP.

Called

tions, performs adjoint reversals on
fission fractions and velocities, modi-
fies meshes for delta calculations,
normalizes distributed and boundary
sources, and calculates the fission
source by interval. Called by MAIN and
calls CLEAR, ERR02, BUFOP, WOT, BUFCL,
and W0T8.

Prints one-, two-, and three-dimensional
arrays. Calls BUFOP and is called by
INIT, S8850, SUMRY, ACTVTY, and GRIND.

Prints up to eight one-dimensional ar-
rays. Called by INIT and calls BUFOP.

Calculates the total fission source and
normalizes the fluxes and fission
sources. Called by MAIN and calls
BUFOP, BUFCL, and ERR02.

Prints the iteration monitor line.
Called by MAIN and S8847 and calls
CLOCK and BUFOP.

Obtains the current CPU time in sec-
onds. Called by S8850, S8830, INNER,
DTP, DTJ, DTI, and ACTVTY.

Coordinates the outer iteration loop
and loads segments DOT4A and DOT4B.
Called by MAIN and calls CLEAR, BUFOP,
BUFCL, INNER, /DTC, DTP, DTJ, DTI, and
IFLUXN.

loop. Called by OUTER and calls GRIND,
BUFCL, CLOCK, and BUFOP.

Solves the S n equations for a group.
Called by INNER and calls BUFOP and
WOT.

Calculates coefficients for the diffu-
sion theory flux equations. Called by
OUTER and calls BUFOP.

Performs the diffusion theory inner it-
eration calculation on horizontal mesh
lines for problems with periodic bound-
ary conditions. Called by OUTER and
calls CLOCK and BUFOP.

Performs the diffusion theory inner it-
eration calculation on vertical mesh
lines. Called by OUTER and calls CLOCK
and BUFOP.

Performs the diffusion theory inner it-
eration calculation on horizontal mesh
lines for nonperlodic boundary condi-
tions. Called by OUTER and calls CLOCK
and BUFOP.

Calculates leakages, reaction rates,
and neutron balance and normalizes
fluxes after diffusion theory inner
iteration. Called by OUTER.



Subroutine

S8847

CNNP

S8850

Description

Sums the reaction rates and leakages
and prints the final monitor line and
balance tables. Also writes first
record of INTQUANT file. Called by
MAIN and calls BUFOP, S8830, SNIFF, and
BUFCL.

Performs outer iteration convergence
tests r>n fission and scatter source
ratios and adjusts search parameters.
Called by MAIN and calls ERR02.

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

TABLE XV (cont.)

Subroutine

SUMRY

ACTVTY

Description

Calculates and prints the summary table
by group and zone, writes the remainder
of the INTQUANT file, and writes the
GRP FLXS and ZONEDENS files. Called by
MAIN and calls BUFCL, CLEAR, BUFOP,
SNIFF, and WOT.

Calculates and prints activities by
interval and zone. Called by MAIN and
calls BUFOP, BUFCL, CLEAR, WOT, and
CLOCK.

TABLE XVI

SUMMARY OF "ERROR(H,D DETECTED" MESSAGES

H I Condition Causing Error Stop

DOT2 106 Program logic, error encountered in
MAIN.

*B01 0 IB01 - 2 or IB02 « 2 and IB01 + IB02.
If either the left- or right-boundary
condition ia periodic, the other must
also be periodic.

*B03 0 IB03 = 2 or IB04 « 2 and IB03 + 1B04.
If either the top- or bottom-boundary
condition is periodic, the other must
also be periodic.

*A04 n Order n of S n quadrature is not even.

*S03 IS02 IS02 + 0 and S03 » 0.0 where IS02 is
the parametric eigenvalue type and S03
is the parametric eigenvalue.

IBSS IBSS Insufficient core .storage available
for boundary source that uses IBiS
words. Increase dimension of common
array A in DRIVER.

SIZE LAST Insufficient core storage available
for variable dimension arrays. Amount
of storage required is LAST words.
Increase size of common array A in
DRIVER.

S860 161 KTP<0 where MTP is the number of iso-
topes in the MULTIGRP file.

S860 160 Insufficient storage for reading
MULTIGRP file. Increase size of com-
mon .irray A in DRIVER.

H Condition Causing Error Stop

*MU

*ETA

-ETA

*-ETA

-MU

*WT

m i

m I

m i

m I

ra 1

0

j •

1 -

1<0

1>0

«o (j

MM

2-

0 for angle m.

0 for angle m.

for angle number

for angle number

found that mates

+
MM

Vr w £—», W
1 m m=l m

MM

in >

m <

MM/2.

MM/2.

with -ym.

m

\
rfl.O

*MT MT Mixture number or component in mixing
table exceeds MT where MT is the total
number of materials.

TMAX 0 6max > 1 - 0 (S-roesh is measured in
revolutions, i.e., in units of 271).

*R I R(I+1)-R(I) < 0.0. Radial mesh is not
in ascending order.

*Z J Z(J+1)-Z(J) < 0.0. Axial mesh is not
in ascending order.

*EV I Calculated eigenvalue for outer iter-
ation I differs from input estimate
by more than J./I.

*FS IEVT Calculated fission source is zero.
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-buildup program based
o

on the CITATION cod^. CLUB uses zone-averaged

fluxes to compute time-dependent changes in atom

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. In concentration search problems,

the flux code also provides CLUB with a new

ZONEDENS file.

CLUB uses variable dimensioning and has been

processed with the DYNBUF code to provide dynamic

buffer allocation on the CDC 6600.

Interface files always required by CLUB are

ZONEDENS, MULTIGRP, INTQUANT. and CLB IHPT. Card

input for creating CLB INPT with the INP module is

described in Appendix B. It is recommended that

the isotopes on the MULTIGRP file be ordered such

that the fission products follow the fissile iso-

topes. If 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 I F used, CLUB also

creates the MIX DATA file after each turnup step.

The INTQUANT and GRP FLXS (both regular and adjoint)

files are created by CLUB if an infinite-medium

flux calculation is specified.

The segmentation structure for the CLUB code

is shown in Table XVII. Level 1 segment CLBS is

loaded by the DRIVER module; 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, respectively. Level 3 segments BURNDTA

and BURNUP are loaded by subroutine BURN.

TABLE XVII

SEGMENTATION STRUCTURE FOR CLUB CODE

Segment Segment
Level Name

Subroutines Included
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 BURNUP 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. Hcwev-r, one of

the error messages is in the form

***DATA ERROR STOP NUMBER N

where N is 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.
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Subroutine

TABLE XVIII

DESCRIPTION OF SUBROUTINES IN CLUB CODE

Description Subroutine Description

CLUB

INPT

BUFOP

BUFCL

ICLOCK

ITTIME

NFLX

SPEC

XION

GRIT

SPTC

SPTQ

Controls tlie overall flow of the CLUB
calculation and loads segments DEPINP,
FLXCON, and DEPLET. Called by DRIVER
module and calls subroutines INPT,
NFLX, ICLOCK, BUFOP, BURN, and ITTIME.

Reads title and neutronics selection
from the CLB INPT file. Called by CLUB
and calls BUFOP, ICLOCK, and ITTIME.

Assigns an available buffer to a speci-
fied logical unit. Calls BUFOPEN (see
DRIVER module) and is called by CLUB,
INPT, NFLX, XION, SPEC, GRIT, SPTC,
SPTQ, SPTP, BURN, BRNA, BRNB, BRNC,
BRND, BRNH, BRNI, BRNJ, BRNP, BRNQ,
NUCX, BRNR, and MIXDAT.

Rewinds a specified logical unit and
releases the buffer assigned to the
unit. Called by NFLX, SPEC, GRIT,
SPTC, SPTQ, BURN, BRNA, BRNB, BRNJ,
BRNP, BRNQ, BRNR, and MIXDAT.

Obtains current CPU time in units of
0.01 sec. Called by CLUB, INPT, NFLX,
and BURN.

Obtains current real time in units of
0.01 sec. Called by CLUB, INPT, NFLX,
and BURN.

Loads the appropriate segment (PTSPEC,
ODXS, ANIS, or DOTS) for the flux cal-
culation at each depletion step.
Called by CLUB and calls ITTIME, ICLOCK,
SPEC, BUFOP, GRIT, BUFCL, and MAIN.
Depending on the flux module relected,
MAIN is the main subroutine of the 1DX,
ANISN, or DOT2DB module.

Reads infinite-medium data from the
CLB INPT file and computes pointers for
the infinite-medium flux calculation.
Called by NFLX and calls XION, BUFOP,
BUFCL, GRIT, SPTC, and SPTQ.

Assigns a logical unit number given the
file name. Calls BUFOP and is call A
by SPEC, SPTC, SPTQ, BURN, BRNA, BRtJB,
BRNC, BRND, BRNH, BRNI, BRNJ, BRNP, and
BRNR,

Performs block-data transfers to or
from a specified logical unit. Calls
BUFCL and BUFOP and is called by NFLX,
SPEC, SPTC, SPTQ, BURN, BRNQ, and BRNR.

Reads ZONEDENS and MULTIGRP files and
computes constants for the infinite-
medium flux calculation. Called by
SPEC and calls XION, GRIT, BUFCL, and
BUFOP.

Performs the infinite-medium flux cal-
culation. Writes INTQUANT and GRP
FLXS (both regular and adjoint) files.
Called by SPEC and calls XION, BUFCL,
BUFOP, SPTP, and GRIT.

SPTP Performs perturbation calculations
using infinite-medium fluxes. Called
by SPTQ and calls BUFOP.

BURN Controls flow of burnup calculation for
the depletion step and loads segments
BURNDTA and BURNUP. Called by CLUB and
calls ICLOCK, ITTIME, XION, BUFCL,
GRIT, BRNA, BUFOP, BRNP, BRNQ, and
BRNR.

BRNA Controls reading of input data from CLB
INPT file and computes pointers for
burnup calculation. Called by BURN
and calls XION, BUFCL, BUFOP, BRNC,
BRND, BRNB, BRNH, BRNI, and BRNJ.

BRNC Reads depletion history and editing
options from CLB INPT file. Called by
BRNA and calls XION and BUFOP.

BRND Reads zone-classification data from CLB
INPT file. Called by BRNA and calls
BUFOP and XION.

BRNB Reads cross sections from MULTIGRP
file. Called by BRNA and calls XION,
BUFCL, and BUFOP.

BRNH Reads yield data for fission products
from CLB INPT file. Called by BRNA and
calls XION and BUFOP.

BRNI Reads nucltde-chain specifications from
CLB INPT file. Called by BRNA and
calls BUTOP and XION.

BRNJ Reads nuclide densities by subzone from
CLB INFT file. If subzone densities
are specified, writes the ZONEDENS
file. If subzone densities are to be
set equal to the zone densities, reads
the ZONEDENS file. Called by BRNA and
calls XION, BUFCL, and BUFOP.

BRNP Performs initialisation for each deple-
tion step and reada INTQUANT and
ZONEDENS files. Called by BURN and
calls XION, BUFCL, and BUFOP.

BRNQ Performs the depletion calculation for
the time step. Called by BURN and
calls BUFOP, GRIT, NUCX. and BUFCL.

NUCX Solves the chain equations. Called by
BRNQ and calls BUFOP.

BRNR Performs after-depletion-step calcula-
tions and edits and writes ZONEDENS
file. If a flux code is used, reads
ADMNSTR file. Called by BURN and calls
BUFCL, BUFOP, GRIT, XION, and MIXDAT.

MIXDAT Writes new MIX DATA file after each de-
pletion step. Resds old MIX DATA file
to obtain mix numbers and mi* commands
and GEO DIST to obtain material numbers
by zone.
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TABLE XIX
SUMMARY OF "***DATA ERROR STOP NUMBER N"

OCCURRENCES IN CLUB CODE

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-6, and R-9-Z), sphere

(R), and hexagon (H and H-Z). At user option, DAC

can use either angular fluxes from S calculations
n

or scalar fluxes and currents from either diffusion
or S calculations,

n

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. Only isotropic scatter-

ing is treated. The code is variably dimensioned.

702

703

705

706

710

802

811

Routine

SPEC

SPEC

SPTC

SPTC

SPTQ

BRNA

BRNC

820

321

844

854

855

857

858

861

862

863

871

BRNO

BRND

BRNH

BRN1

BRNI

BRNI

BRNI

BRNJ

BRNJ

BRNJ

BRNP

Condition Causing Error Stop

INFD(1).EQ.O where INFD(l) 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
infinit^-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(l).LE.0.0 where DD(l) is refer-
ence cors power level for first
cycle.

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

All zones were not specified in
zone-classification data.

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

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

Incorrect transition type (NTYPE-0)
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 ftle.

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-of-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.

22



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. If worths of perturbations in micro-

scopic cross sections are Co be calculated, the

perturbed MULTIGRP (PERTMTGP) file is required. If

angular fluxes are to be used, the SN CONS file is

also required. Card input for creation of the DAC

INPT file is described in Appendix B. In the cur-

rent system, there are no interface 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
Level

Segment
Name

DACS

Subroutines Included
In Segment

MAIN, SNIFF, TRSINT, PRINCS,
DNSPEC, SCATCS, DNSORT, RMAVGF,
MIXCX, SCRATO, PERT
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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 variable-
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 is called by
MAIN, TRSINT, RMAVGF, and PERT.

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

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

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

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

MIXCX Mixes and p^xnts cross sections for the
reference configuration. Called by
MAIN.

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

RMAVGF 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 initial mesh and mesh modi-
fiers. Called )<y MAIN and calls SNIFF.

Reads and writes a scratch file.
Called by MAIN.

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

Fig. 6. Simplified flow diagram for DAC code.

SCRATO

PERT

G. MC2 Code

The interfaced version of the MC code proc-

esses both Version-I and -II ENDF/B data to produce

a standard multigroup file. The code has not been

converted for direct access by a path call in

DRIVER. Instead, it is operated as a free-standing

code whose output can be accessed by the other codes

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.
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MC treats the resonance region in a detailed

manner, provides for linear anisotropy (P ) 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 user.

MC is limited to single-level Breit-Wigner

representation of resolved resonances, a broad-

group lethargy mesh that is a multiple of a basic
2

lethargy width Au =• 1/120, and downscattaring. MC

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 sarai

run. This problem can be circumvented outside of

MC by writing a separate code Co merge two MULTIGRP

files iuto one file.

Although the code uses variable dimensionings

a container array of 40,000 words has been 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). MC expects the

first two files (general information and resonance

parameters) on logical unit tape 1, and the next

four files (smooth cross sections, secondary

angular distributions, secondary energy distribu-

tions, and secondary energy-angle istributions) on

tape 9. The output MULTIGRP file is written on

tape 20. Card input to the code is described in

Appendix B. In contrast to the INP module, card

input is not in free format.

MC was originally programmed for the IBM 360

and required much effort to make it operational on

the CDC 6600. Most of the problems were the result

of basic differences in the two computers (e.g.,

small word size on the IBM 360 requiring the use of

double precision), use of nonstandard FORTRAN (e.g.,

subscripted subscripts), and differences in file

usage (e.g., I/O buffer assignment).
2

Difficulties in converting MC to the CDC 6600
18

resulted in the development of the CONVERT code

and the DYNBUF code.17 CONVERT looks for and flags

or changes some of the FORTRAN differences in an

IBM program in converting it for use on the CDC.

DYNBUF makes changes to an IBM FORTRAN program to

provide dynamic buffer allocation on the CDC 6600.

Tr>.ble XXII shows the MC 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 MC is being developed
19 2

at ANL. The new version, railed MC - 2 , will out-

put multigroup cross sections in the Version-11

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, conversion 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 XXII

OVERLAY STRUCTURE OF INTERFACED MC CODE

Overlay
Level

(0,0)

(1,0)

(2,0)

(2,1)

(2,2)

(3,0)

(3,1)

(3,2)

(4,0)

(4,1)

(4,2)

(4.3)

(4,4)

Subroutines Included in Overlay

DRIVER, TIMEIT, SKIPFI, SNIFF, BUFCL,
BUFOP, BUFOPEN, POINTR, FREE, PUTM,
PUTPNT, WIPOUT, DUMP, GETPNT, SAVPRG,
GETN, PRGSET, STATUS, IGET, PRTI1, PRTI2,
PRTRi, PRTR2, PRTA1, PRTA2, IPTERR, ILAST,
ILASTB, ALLOC2, LOCF, FREE1, REDEFM,
REDiiF, TLEFT, ABSTOP, ABEND

CSI001, INPT, READ1

CSC001, FDPRTU, QlilCKW

TWO!, UNRES, QFJ

TW02, RESRS

CSC002

CNTRL1, FDPTR1, FIGERO, SIGAVC, EF, ROMBI,
INSCAT, FDINST, SOURCE

THREE2, CNTRL2, ALRAGO, PONE

CSC003

F0UR1, AVER

FOURTWO, AVER1, DTASET, FDATWT, FRVEL,
RESON, INSCA, QUEZE, ELAST

FOUR3, BGPONE

FOUR4, MUI.TGRP, PRNTAB, PRMTI4, PRNTA,
RWSCT
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APPENDIX A

CONVERSION OF SYSTEM TO OTHER COMPUTERS

For computers that define the overlay struc-

ture by control cards or job control language, It

is suggested that a dummy subroutine 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 e subroutine SEGMENT

be set up to perform the required call. Such a

subroutine could be as simple as the following;

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

CALL LINK (SEG)

RETURN

For systems with built-in dynamic buffering,

subroutines BUFOPEN, BUFCL, and BUFOP should be

replaced by dummy subroutines. In other situations,

local adaptations of the SNIFF subroutine may be

required.

In general, it Is not desirable to compile the

vhole system of codes In a single compilation run.

The binary object codes for each of the file* listed

in Table I (Sec. II) are normally created or updated

In separate compilation runa and are stacked en a

magnetic tape. In executing a particular problem,

the binary fllea are transferred to separate disk

files from the tape. The small DRIVER program la

usually recompiled at execution time to adjust the

size of the common contalnar block A to the particu-

lar problem dimensions. Sample control card deck*

for performing these operations on the CDC 6600 will

be supplied with the source programs.

APPENDIX B

DESCRIPTION OF CARD INPUT

The card input description follows procedures

used by the CCCC in defining files. The descrip-

tion is punched on comment cards, which provide a

convenient method for updating and correcting the

description. The first two columns of a 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 file 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 block of data.

The first block of input, the CONTROL block, 1«

always read by DRIVER at the beginning of a run.

The remaining input is controlled by the path de-

fined by the user. 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 files are to be created or modified by card

Input during the given INP execution. The block

entitled FILE AND RECORD PRINT CONTROLS is read

whenever a PRN call occurs in the path. Additional

information on card reading and file printing Is

given In Seen. .II.A and III.B.

The last file in the card input description

contains the input description for the free-standing

interfaced MC code. This input description was

provided by ANL for the MC code.

Card input for a number of sample problems Is

discussed in Appendix D.
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c
CF CONTROL
CE DRIVER CONTROL INPUT
C

c—-«.
CR NUMBER OF PATH ELEMENTS
C
CL NPATH
C
CO NPATH NUMBER OF PATH ELEMENTS
C
C—« .- — — — - —

c
CR PATH
C
CL <PATH(I>.1=1.NPATH)
C
CO PATH(I) MREE-CMAWACTER HOLLERITH NAKE FOK THE ITH
CO MODULE.COOt BLOCK* OH ELEMENT IN THE PATH.
CO AVAILABLE MODULES ARE
CO H.0 HEADS STANDARP AND COOE-DEPENDENT FILES
CO FWOH TAPE ANO STORES EACH FILE AS A
CD SEPARATE DISK FILE.
CO FLI STORES FILE ON AN OUTPUT TAPE.
CO 1NP INPUT PROCESSOR. CREATES OH MODIFIES ANt
CD OF THE STANDARD OR CuUE-OEPENOtNT FILES
CD FROM CARD INPUT.
CO P«N AT USE" OPTION* PRINTS ANY OF THE FILES
CD OH SELFCTED RECORDS FROM ANY OF THE FILES.-
CD ETX ETOX COOE. CONSTRUCTS MULTIGBOUP CROSS- -
CO SECTION DATA IN 80NDARENKO FORM USING OATA-
CD FROM ENOF/fl FILE.
CO 00X ONEOX COOE. A ONE-DIMENSIONAL DIFFUSION -
CO CODE. CONVERTS ETOX OUTPUT INIO A MULTI- -
CO GROUP CROSS-SECTION SET.
CO »Ni ANIiN COOE. A ONE-DIMENSIONAL SN COOE.
CO OUT 00T20b COOE. A TMO-DIMENSIOMAL FLUX
CO COOE PROVIDING EITHER THE DIFFUSION OR
CD SN OPTIONS.
CD OAC PERTURBATION COOE. CALCULATES PERTUO-
CD BATION REACTIVITIES USING FLUAES FROM
CD ANY OF THE ABOVE FLUX CODES.
CD CLb PERFORMS ttUKNUP CALCULATIONS USING ANY
CO Of THE ABOVE FLUX CODES
c •

CEOF
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CARD INPUT FILE CONTHOLS



CO
CO
CO
CD
CO
CD
CD
cn
CD
CO
CO
CD
CD
CD
CO
CD
CO
CO
CO
CO
CO
CO
CD
CO
CO
CO
CO
CO
CD
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CD
CO
CO
CD
CD
CO
CO
CO
CO
CO
CO
CO
CD
CO
CO
CO
CO
CO
CO
CO

IZM
J«
JK
KM
IRK

IEVT

EV
EVM
EPS
TEMPI. TEMP5
IB01

IB02
IR03
1804
I BOS
IR06
M07

IFXT
SOI
MT
HOI
HCP

MSP
I?
JZ

8=2-0 CYL(R.THEVA)
9=2-0 HEX(M)
11=3-D SLABtX.Y.Z)
1?=J-D CYLIR.THETA.Z)
11=3-0 HEX<h,Z>

DUMBER Of ZONtS
NUMBER OF FIK5T DIMENSION INTERVALS
NUMBER OF SECOND DIMENSION INTERVALS
NUMBER OF THIRD DIMENSION INTERVALS
NUMBER OF BUCKLING SETS
=0. NONE
= •1. ZONE DEPENDENT ONLY
=-l» INDEPENDENT OF ZONE AND GROUP
=*IGM. ZONE ANO GROUP OEPENOENT
=-I6M» GROUP OEPENOENT ONLY
EIGENVALUE TYPE. 0= SOURCE CALCULATION

1= iv-EFFECUVE CALCULATION
2= ALPHA CALCULATION
3= CONCtNTRATION CALCULATION -
*= ZONE WIDTH CALCULATION
5» BUCKLING SEARCH
6' OUTEH RADIUS SEARCH

INITIAL EIGENVALUE 3UESS
EIGENVALUE MODIFIED
CONVERGENCE CRITERION
UNDEFINED
LEFT BOUMDARY CONDITION

-1= FLUX VANISHES AT BOUNDARY
0« VACUUM
1* H£FLECT1V£
2» PERIODIC
3a WHITE
<•= GRAY

RIGHT BOUNDARY CONDITION. SAME OPTIONS AS IB01-
TOP BOUNDARY CONDITION. SAME OPTIONS AS IB01 -
BOTTOM SOUNOARY CONDITION. SAME OPTIONS AS IBOl-
FrtONT BOUNDARY CONDITION. SAME OPTIONS AS 1801-
8ACK BOUNDARY CONDITION. SAKE OPTIONS AS IR01 -
I-LUX INPJT OHTVONS.

-1= NO FLUX GUESS
0= A VALUE FOR EACH GROUP. X(G)« WHICH

REPRESENTS THAT GROUP IN £VE»V IN1ER
VAL* I.E.* FLUX(b«l»JtK)*X(G>.

1= A VALUE FOR EACH INTERVAL. IN BLOCKS -
bY GHOUP* EACH BLOCK IM»JM«KM LONG*
I.e.* FLUX(G.I.J.K)xK(G.I.J.K».

2s A VALUE FOX EACH GROUP* X(G). FOL-
LOWEO BY A BLOCK OF VALUES* ONE FOR
EACH INTERVAL* Y(I.J.K). I.E.*
FLUXIGtI.J.I)=X(G)«Y(I.J.K).

3= A VALUE FOS EACH GROUP* X(G). A VALUE -
FOR EACH 1ST OIM. INTERVAL* Y(I>. »
VALUE FOR EACH 2N0 QJM. INTERVAL* Z(J)-
AND A VALUE FOR EACH 3RD OIM. INTERVAL*
»MK). I.E.. f'LUX(G*i*J»KM

*= £NTE« COMPLETE RESTART FOR CONTIW**-
TION OF PROBLEM RROM STANDARD FILES*

5= CXT3ACT FLUXES FROM THE STANDARD FILE.
USE NEGATSVF. SOURCE CHECK • 0-NO. 1*YF.S
SOURCE NUKHALi2.4TION FACTOR
TOTAL NUMBER OF MATERIALS INCLUDING MIXTURES
NUMSErt OF MATERIAL SPECIFICATIONS
NUMBER OF ISOTOPES FOR WHICH CHOSS SECTIONS
APE INPUT FRQH CARDS.
S*ME AS <4CH* BUT INPUT FROM STANDARD FILE
HUHbEf OF FIWST DIMENSION ZONE MODIFIERS
NUMBER i!-r SECOND DIMENSION ZONE MODIFIERS
NUHHER OF THJUD DIMENSION ZONE MODIFIERS

28



CO
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CO
CD
CD
CD
CD
CD
CD
CO
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
C-.
CEOF

IS02

S03
IGM
MG6

1905
IG07
G05

G06

ALAL
ALAH
POD

EPSA

XPAC

PARAMETRIC EIGENVALUE TYPE FOR SEARCH CALCS
0= NONE
1= K-EFFECTIVE FOR OFF-CRITICAL SYSTEM

WHERE S03= K-EFF
2= ALPHA FOR OFF-CRITICAL SYSTEM

WHERE S03=ALPHA
PARAMETRIC EIGENVALUE
NUMBER OF ENERGY GROUPS
SOURCE INPUT OPTIONS

0= A VALUE FOR EACH GROUP* X(G)« WHICH
WILL BE USED IN ALL INTERVALS, I.E..
Q(<i»I*J.K) = X<G>

1= A VALUE FOR EACH INTERVALt IN BLOCKS
BY GROUP, EACH BLOCK IM»JM*KM» LONG*
I.E.' G(G»I*J*K>= X(G«I*J*K)

2= A VALUE FOR EACH GKOUPf X<G>. FOLLOWED -
BY A BLOCK OF VALUES, ONE FOR EACH
INTERVAL, Y(I»J,K). I.E.,
0(&.I»J.K>» X<G)*Y(I*J.K)

3= A VALUE FOR EACH GROUP* X(G)» A VALUE
FOR FACH 1ST DIM. INTERVAL* YU>* A
VALUE FOR EACH 2ND DIM. INTERVAL* Z(J>. -
AND A VALUE FOR EACH 3RD DIM. INTERVAL* -
W(K), I.t.. Q(G*I.J.K>=

X<G)«Y(I>*2U)»W(K>
4= RIGHT (NORMAL TO 1ST DIM.) BOUNDARY

SOURCE
5= TOP (NORMAL TO 2ND DIM.) BOUNDARY

SOURCE
6= FRONT (NORMAL TO 3RD DIM.) BOUNDARY

SOURCE
MAXIMUM NUMBER OF OUTER ITERATIONS
MAXIMUM NUMBER OF INNER ITERATIONS PEP GROUP
USE NEUTRON BALANCE TtST - 0=NO, G05=LIMIT
FOR TEST
USE INNER POINTWISE FLUX TEST - 0=NO, G06*
LIMIT FOR TFST
LOWER LIMIT ON LAMBDA
UPPER LIMIT ON LAMBDA
NEW PARAMETER MODIFIER (OK PARAMETER OSCILLATION
DAMPER)
CONVERGENCE PRECISION USED IN CRITICALITY
SEARCHES
EXTRAPOLATION FACTOR

c
CF
CE
C

SN CONS FILE
SN CONSTANTS

C
CR
C
CL
C
CD
C

RECORD CONTROL READ IF IrttAO<2>.EQ.3

IRD(J), J=l*3

IRD(J) READ RECORD J FROM CARDS - 1= YES* 0=NO
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c
CP MU DIRECTIONS HF.AC' IF I f c O U I . E Q . l
c
CL M 7 ( M ) , M=t ,MM
C
CO M7 MU DIRECTIONS
CD «M NUM6EH OF DIRECTIONS
C
C . ~ — ......—-

CK ETA DIRECTIONS KEAO IF I*D»?>.CO.l
C
CL HS(M)t H=l,MH
C
CO MS tTA OIHECTIONS
C

CR WEIGHTS HEAD IF :«0(3l.EQ.l
C
CL WO(M>. H=1,NM
C
CO MO HEIGHTS
C
c
CEOF

c
CF INTQUANT FILE
CE INTEGRAL QUANTITIES
C

CR RECORO COKTHOL wf-AO IF IrtEADO) .EQ..i
C
CL IPDtJ). J*I»3
C
CO IHO(J) HEAD HSCOMDiJ) FNOH CAHD5 - 1»T£S» 0«MO
C
C •

CR 0F.R1VE0 CONSTANTS^ riEAO IF 1 R 0 I D . E Q . 1
C
CL Ew.EV.EVS.IC0NttvOfL0.N0J.TS0.TL0.TLe.TeL0.T8A9
C
CO EK EFFcCTIVf. MULTIPLICATION FACTOR
CO £¥ SEA»CM £!6tMwALUE
CO EVS EIGENVALUE SLOPE
CO ICON CONVEftGCNCt C«!Tt*»ION SATISFIED - O»YES»
CD EVC EibENVALUi CONVERGENCE RE/.CHEO (ON FISSIOfJ
CD SOURCE1
CD FLO fLUi CONVEHGENCE REACHED
CD NOI MUHfctilN OF OUTER ITERATION!*
CO TSO IOTAL NEuTHON SOURCE (INTEGRATED
CD SI&MA FISSION)
CO TLO TOIAL NEUlMON LOSSES
CO TLE IOTAL LEAKAGE
CO T8L0 TOTAL BUCKLING LOSS
CO TfUB TOTAL INTERNAL SLACK ABSOHPTJON
C
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c . • —
CR ZONE AVERAGEO FLUXES. READ IF 1RD(2).EO.1
C
CL C(ZF(LtI>»L»l»IZM).l=l.IGM)
C
CO ZF AvEHAGEO FLUX BY GrtOu*1 AND ZONE
C
C • —

c
CR ZONE VOLUMES* «C*O If 1*0(31.EU.l
C
CL VOLI!>•I»l»IZN
C
CO VOL VOLUHf. OF ZONE
C

CfOF

c
CF
CE
C

> • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • » • • • • • • • »

GEO OIST FILE
GfOHETRY ANO MATERIAL DISTRIBUTIONS

• • • • • • • • • • • • • - • » • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • » • • • • • • • • • • • # • • • • • • •

c- — — — — — — — — — — ...——...—..............
CR RECORD CONTROL «EAO IF IREAOt*!.£0.3
C
CL 1BO(J).J"1.*
C
CO IRO(J) HEAD RECOKO J FROM CARDS - l«Y£St 0»N0
c

C . — — — — . - — . — — .......... ........
CR BOUNDARIES MEAD I F I K 0 U 1 . E 0 . 1
C
Cl J O U t i I » J . I M J
CL YO<J>. J»!tJMl KEAD IF 1A01.GE.2
CL ZO(K>. K«t,«Hl MEAO IF IA0J.EO.3
C
CO XO FIRST DIMENSION 8OUN0ARICS
CD '0 SECOND DIMENSION SOUNDARIfS
CO ZO THIRD DIMENSION dOUNOAffiCS
CD IMl NUMStP OF FIRST DIMENSION BOUNDARIES
CD J^l NUMBER OF SECOND DIMENSION BOUNDAKItS
CD KM1 NUMBER OF THIKO DIMENSION BOUNDARIES
C

CR MATERIAL NUMBERS M £ A 0 IF SttO(?t.EU.l
C
CL M2II)«!*I«I?M
C
CO H? MATtHIAL WUMHERS BY ZONE
C
C . . . . . . . . — — . — — — — » — — — .
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c
CR
c
CL
C
CO
CO
CD
C
C
CEOF

ISOTOPE NUMBERS

ISO1D1I).!=ltHL

ISOIO

ML

REAO IF IMOCO.EO.1

MJCLlOE NUMBERS ON MULTIGHOUP F'iLt OR
NUCLlOE SEQUENCE NUM8E«S ON ETOX LIBRARY

c
CF
CE
C

GRP FLXS FILE
REGULAR TOTAL FLUXESt CURRENTS* ANO ANGULAR FLUXES

C— ........ ...........—...............—..........—......
CR RECORD CONTROL «E*O IF IM£.«D<6) .EO.3
C
CL !RD!J)»J»1.3
C
CO IRO(J) READ ACCOM) -• - t 'YESt 0«NO
C
£ . . . . _ . . . _ . . _ . _ . , . . . . . _ . • • . • . • . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . .

c . . . . . . . . . . . . . . .
CR FLUX GUESS
C
CL X(L>*L«t* IGM KEAO IF N07.EU.0 Ok N07.EO.2 O« H07.E0<3
CL {((Y(I,J,K).I«1.IM>.J«1»JM)«K«ltKM) R£A|) IF H07.E0.2
CL Y U > . I » ! « I W R£A[) IF H07.EO.3
CL ZfJ).J»ltJf? fcEAD IF HO7.EC.3 AND JA01.GE.2
CL tf(K).K*l.KM Mf*0 IF HO?.EO.3 AND IA01.E0.3
C
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . — — . . . . — . . . . . . . .

c—
CR
C
CL
C
C
C
CL
C
CO
C

TOTAL FLUX "CAB I f I«O«»>.EO.1.AN0.M07.EO.5

(.'.°MKI,L)f UUIH) tL'l.IGH) READ IF UOJ.Et.l

00 N L>1*IGM
00 N K~1.KH

(<P«i(I«J>tI*l*lM)tJ*).JM> MEAU IF IA01.GE.2

TOTAL FLUX BY GROUP ANO INTERVALPHI

r—
CR
CR
C
Ct
C
C
c
c
CL
c
CO
CO
c
c—

CURRENT

((XII.I>.!*}.!

00 N M=l.!*01
00 H L=l.IGH

N tfEADitt) (I

KEAP IF I«0eZJ,£0.1.AW0.<IAU.EO.0.OR.<lAlJ.EO,-
1.AND.IAO3.E0.I)J.AN0.N07.E«.5

REAO IF IA01.E0.1

«I=S ,J=I,JH) MEAD If IA01.UE.2

vtCTGH CUMKFNT HY COMPOWENT, GHOUP* ANO
INTERVAL
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CB ANGULAR FLUX READ IF IRD(3).E0.1 AND IAll.E0.1.AND.M07.ei5-
C
C 00 N L=ltIGM
C DO N K=1,KM
C DO N J=ltJH
CL N READ(N> ((AF'.M.I) .H= I ,MM) , I = 1 , IM)
C
CD AF ANGULAR FLUX AT MESH CENTERS BY GK0UP* INTERVAL*
CD AND OIKECTION
C
C»»——•»——•»—•——«——••'»—•——••••———-—•—•••-»•—••—»—'»—•———-.•••«—•-•-•—»».—»»•»»„_.

CEOF

C
CF ADJ FLXS FILE
CE ADJOINT TOTAL FLUXES. CURRENTS. AND ANGULAR FLUXES
C

C
CR RFCORO CONTHOL KtAO IF UEAD(7).EQ.3
C
CL IR0(JI.J»l*3
C
co IRD(J) NEAO RECOHO J - i=yes.
c
c

c — — — —
c
CC ADJOINT GRP FLJX FILE OTHERWISE HAS THE SAMfc STRUCTURE AS THE
CC REGULAR GRP FLUX FILE.
C
CEOF

c
CF MULT IGRP F I L E
CE MULTIGROUP Cr»OSS-SECTION F I L E
C

c .
CS FILE STRUCTURE
CS
CS FILE NAME
CS RECORn CONTWOL
CS DIMENSIONS
CS ISOTOPE NUH6ESS
CS FISSION ISOTOPkS
CS AMiSOTROPIC ISOTOHES
CS ISOTOPE NAMES
CS GROUP STRUCTUftfc
CS OFLAYED NEUTRON DECAY FACTORS
CS DELAYED SPECTRUM



cs
cs
cs
cs
cs
cs
cs
cs
cs
cs
cs
cs
cs
c
c—

»••*•••••(REPEAT FOK N1R ISOTOPES)
• ISOTOPE HEADING
• ISOTOPE FISSION SPECTRUM
• DELAYED NEUTRON ABUNDANCES
• •••••(REPEAT N U B TIMES FOR ANISOTROPIC ISOTOPES)

• PRINCIPAL CROSS-SECTIONS
• INELASTIC CROSS-SECTIONS
• ELASTIC CROSS-SECTIONS
••••••••N-2N CfcOSS-SECTIONS

FACTORS LN(SIGMAPO)/LN<10> FOR BONDARENKO XS
BONDARENKO TEMPERATURES
BONDARENKO SELF-SHltLDING FACTORS

••••••••BONDARENKO CROSS-SECTIONS

C—
CR
C
CL
C
CD
C
C —

FILE NAME

ANAME(I)»I=lt9

ANAHE

ALWAYS READ

DESCRIPTION OF CROSS-SECTION SETt 9A6

C—
CR
C
CL
C
CO
C
C —

RECORD CONTROL

IRD(J»<J*1«12

IRD(J)

ALWAYS READ

HEAD RECORD J - 1=YES» 0=NO

C —
CR
C
CL
CL
C
CD
CD
CD
CO
CD
CO
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CO
CD
CD
CD
CD
CD
CD
CD
C
C~

FILE DIMENSIONS AND CONTROLS ALWAYS READ

NIRt N6S» NOSSt NTAB» NINT. NTEMt 1HM. IHT. IHS» INUFt
I*BS« ITOT. IFIS« IN2N» ING. INAf INPt INOt INT. INtil

NIR
NOS
NDGS
NTAB

NINT

NTEM

IHM
IHT
IHS
INUF
IABS
ITOT
IFIS

ING
INA
INP
IND
INT
ING:

NUMBER OF ISOTOPES
NUMBER OF PROMPT GROUPS
NUMBER OF DELAYED GROUPS
NUMBER OF SCATTERING TABLES GIVEN FOR

ANISOTROPIC ISOTOPES
NUMBER OF S1GMAP0 FACTORS AT WHICH BONDARENKO

SELF-SHIELDING FACTORS ARE GIVEN
NUMBER OF TEMPERATURES AT WHICH BONDARENKO

SELF-SHIELDING FACTORS ARE GIVEN
PRINCIPAL CROSS-SECTION TABLE LENGTH
POSITION OF TRANSPORT CROS.S-SECTION
POSITION OF IN-GROUP SCATTERING CHOSS-SECTION
POSITION OF NU-FISSION CHOSS-SECTION
POSITION OF ABSORPTION CROSS-SECTION
POSITION OF TOTAL CROSS-SECTION
POSITION OF PISSJON CROSS-SECTION
POSITION OF N2N C#OSS<*SECTION
POSITION OF N-GAMMA CR0SS*5ECTI0N
POSITION Of N-AtPHA CkOSS-SECTION ,
POSITION OF N-5" CROSS-SECTION ' .,
POSITION OF N-0 CROSS-SECTION "••••
POSITION OF N-T CROSS-SECTION
POSITION OF N-GAMMA TO FIRST EXCITED STATE

CROSS-SFCTION
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c
CR ISOTOPF NUMBERS ALWAYS HtAD
C
CL ISNUM(l)*K=!.NIK
C
CD ISNUM OhiOtW NUMBE" OF ISOTOPE 1 IN COMBINED SET OF
CD FILE AND CARD INPUT CkOSS-SECTIONS
C
C

C .
CR FISSION TSOTOPf INDICATORS ALWAYS KEAD
C
CL IFIS(I)*I=1«N]R
C
CD IFIS FISSION ISOTOPE INDICATOR. CARD INPUT ISOTOPE
CO I IS FISSIONABLE. 1=VES» 0=NU
C

C
CR ANISOTROPIC ISOTOPE INDICATORS ALWAYS KEAD
C
CL IANI(I),I = l.NIi?
C
CD IANI ANISOTHOPIC ISOTOPE INDICATOR
CD NTAB PRINCIPAL CROSS-SECTION TABLES GIVEN FOR -
CD ISOTOPE I. 1=YES. 0=NO
C
C

CR ISOTOPE NAMES HEAD IF IHO(l).EQ.l
C
CL (ISOID(ISO)»ISONHE(ISO).TOC(ISO).IRZM(ISO).150=1.NIK)
C
CO ISOID ISOTOPE ID NUMBER
CD ISONME ISOTOPE NAME (A6)
CO TOC TEMPERATURE (DEGREES CENTIGRADE)
CD IRZM INDEX TO A REGIONE ZONE. OR MATERIAL IF THIS
CD HAS BtEN AVERAGED OVER A SPECTRUM AND
CD COMPOSITION FOR A PARTICULAR NEACTOR REGION.
CD ZONE. 0« MATERIAL
C
C-—————————••————'•————————•-»—•••••••••—••••••-•——•••—••«•—»••• •»•««•«—_«.•,

c •
CR GROUP STRUCTURE REAU IF TRD(2>.EU.l
C
CL JFTG.IDBt-. <E < I ) . I = i .NGSl ) . <U( I ) « I = 1.NGS1> »PV < I ) . I = 1.NGS> «
CL < E B A R U ) . I = 1»N5S)» CStPC( i ) .1=1»NGS)
C
CD JFTG CJROUP NUMbER OF FIRST THERMAL GROUP
CD IBBF DETAILED BALANCE FACTOK INDICATOR. IDBF=O.
CD UP-SCATTERING ELEMENTS A*F. GIVEN. IOBF=I« -
CD COMPUTE UP-SCATTERING ELEMENTS FROM
CD DETAILED BALANCE
CD E(II UPPER ENERGY LIMIT (EV) OF GROUP I.
CD (E(NGSl) IS LOWER ENEKGY BOUND OF GROUP NGSI
CD UtI) LOWER LETHARGY LIMIT OF GWOUP I. <U<NGS1J IS -
CD UPPER LETHARGY LIMIT OF GROUP NGS)
CD RV(I) AVERAGED KEC1PR0CAL VELOCITY FOR GROUP I
CD EBAR(I) CHARACTERISTIC ENERGY (EV) OF GROUP I USED IN *
CO CONJUNCTION WITH POINT-POINT MATRICES
CO SFPC(i) AVFrtAbED USSION SPECTRUM FOR CROSS-SECTION SET-
CD NGSI NGS*1
C
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c—
CR
CR
C
CL

c
CD
C
C —

DELAY'tD NEUTRON DECAY CONSTANTS

DNOC<N).N=1»NDRS

IK l»D(3).EU.l
AND NUGS.NE.O

ONDC OtLAYEO NEUTRON DECAY CONSTANTS

C—
CR
C
CL
C
CO
CD
C
C —

DELAYED NEUTRON SPtCTRUM READ IF IKD(<O.£Q.1 AND NDGS.NE.O

((CHIDN(N«L> *N=l.NGS)tL»ltNDGS)

CHIDN DELAYED NEUTRON YIELDS BY PROMPT GROUP AND
DELAYED GROUP

C—
CR
C
CL
CL
CL
C
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CO
CD
CO
CD
CD
CD
CD
CD
CD
CO
CD
CO
CO
CO
CD
CD
CO
CO
CD
CD
CD
CD
CO
CO
CD
CO
CD
CD
CD
CD
CO
CD

ISOTOPE HEADING HEAD IF IRD<S).EO.l

ISOID. ISONME, TOO IriZM. 1ZAS. AWft. EFISi ECAPt OCA.
TEMP6. TfMP7. TEMPB, TEMP9. TEMP10, KBH, ICHI» LiNt LEL.
LN2N. JSXLt JSXHt JDML. JONH. NBINT. NBTEM

ISOIO
ISONME
TOC
IRZM

1ZAS

AWR

EFIS
ECAP
OCA
TEMP6.TEMP1O

ICHI

LVN

LEL

LN?N

JSXL

JSXH

JONL

ISOTOPE NUMBER
ISOTOPE NAME (A6)
FEMPERATUWe (DEGREES CENTIGWAOE)
INDEX TO NEGION. ZONE* OH MATERIAL IF THIS DATA-

HAS BEEN AVERAGED OVEH A SPECTRUM AND
COMPOSITION FO>* A PARTICULAR MEACTOR PEGION*
ZONE* OP MATERIAL

INTEGER Z*A> STATE NUMBER. IZAS>IOOOO*Z*1O*A«S>
WHERE Z* ATOMIC NUMBER. A> ATOMIC WEIGHT* -
AND S* FINAL STATE NUMBER (0* GMOUNO STATEJ-

HflTIO OF ISOTOPE ATOMIC WEIGHT TO THAT OF A
NEUTRON

FISSION ENERGY IWATT SECONDS PER FISSION)
CAPTURE ENEPGY (WATT SECONOS PER CAPTURE)
DECAY CONSTANT FOR ISOTOPE (PER SECOND)
UNDEFINED
MATERIAL TYF. FLAG

(^UNDEFINED

2»FEHT1LE
3-OTHEW HEAVY MATERIAL

S=FI5S10N PRODUCT
FISSION FLAG FOR ISOTOPE

-1=FISSIONABLE. USE SET CHIS
0=N0NFISSI0NA6LE

NGS= INCIDENT ENERCiY OEPENOSNT
1=NOT INCIDENT ENERGY OEPENDENT

MAXIMUM OHOTM OF INELASTIC SCATTERING
0=M)NE
l=IS0TROPIC

NTAB=NUMBER OF TABLES GIVEN
MAXIMUM OMOEP OF ELASTIC SCATTERING

SAME OTIONS AS LIN
MAXIMUM OROfW OF N2N SCATTERING

SAME OPTIONS AS LIN
LOWEST GROUO AT WHICH SECONDARY C*0t>S-SECT10N

DATA bl'/tN
HIGHEST 6N0UP AT WHICH StCONOAMY CHOSS-SECT!0>J

UATA fa|V£N
LOWEST G«OUP AT WHICH OtLAYFO NEUlHON SPECTRA

AHE G1VFN



CO JONH HIGHEST GWOUP AT WHICH OLAYEO NEUTRON SPECTRA
CO Ak£ GIVEN
CO NBINT NUMBER Of" VALUES OF SIGPO AT WHICH tlONOARENKO
co SELF-SHIELDING FACTORS ARE GIVEN
CD NBTEM NUMdEH OF TFHPERATURES AT W*1CH BONDAREHKO
CD SELF-SHIELDING FACTORS ASC OIVEN
C
C

c
CR SSOTOPE FISSION SPtCTRUM KEAO IF IkO(6).Eo.I AND 1F1S<1).GT.O
C
CL ((CHI (KL,J>.rC=HFli,(I)) ,J=J.NGS>
C
CD CHI(K.J) fISSlOH SPECTRUM INCIDENT IN GROUP K, BORN
CD IN GROUP J
C
C—————————————————————•»'——————————————————————————.«.—~«—«»»

c— .
CR DELAYED NtUTHON ABUNDANCES MEAO IF 1HD!7).EQ.1 AND
CR IFI5.NE.0 AND NOGS.bT.O
C
CL ONAB(I)tl=l«NDGS
C
CD DNAB DELATED NtUTRON ABUNDANCES
C

C
CR PRINCIPAL CROSS-SECTIONS READ IF I M H t t l .EQ . 1
C
CL ( < X S U » J » . I - i t l h M I . J=1.NGS)
C
CD XS PRINCIPAL CROSS-SECTIONS. CROSS SECTIONS
CD OCCUPYING POSITIONS KM1.J) TC XSOHT-UJI •
CD INCLUSIVELY A«E SPEC1HE0 UY XHi. POSITION •
CO INDICATORS IHUF. IAt)S* ETC.* O W E N IN THE •
CO FILE DIMENSIONS ANO CONTROLS RCCOPD.
CO POSITIONS «SIIHS*J» TO XS(lHKtJ) ARE
CO OCCUPIED HY CWOSS-SECTIOMS fO« SCATTERING •
CO FROM GSnuP K TO (iROUP J» WITH KxJ»J-l•...• •
CO J-NOM««€SPECTlVELt» «rtE»E NON XS fH£ TOTAL •
CD NUMBCM OF ALLOWED OOWNSCATTERING TERMS.
CD IF NO UPSCATTgR CROSS-SECT SONS ARE HRCSFNT..
CO !KSs !«T*i, UPSCATTEH CROSS-SECTIONS
CO K» ^•NUP.J»Nltti-I....«J»l OCCUPT POSITIONS •
CO XS(|rtT*2) TO XS(lHS-ttJ* HESPECTJVELY.
CO ANO X M I H T M J J I CONTAINS TM£ SUM OF
CO SCATTERING CWOSS-StCTIONS FHOM GHOUP J TO -
CO GROUPS (if HIGHER EMt^OY. NUP IS THE TOTAL •
CO NUNBEK OF ALLOnEO UPSCATTt" TErtHS.
C

CR INELASTIC SCATTERING CwOSS-StCTIONS rt£l,D if JMU<V).tO.l
C
CL (JtStJ'NUP. J) «XS( J'NO^-1 .J) t ...•*S(.i»J) .
c
CO XS i N t L A b U C SCAJTf*«INti
C

c



CR ELASTIC SCATTERING CKOSS-SECTIONS «tAO IF tttO(10>.C«.I
C
C LIST S4Mf AS FOS INELASTIC CROSS-SECTIONS
C

c

CR N?N SCATTERING CROSS-SECTIONS READ IT l w D U U . E Q . l
C
C LIST SAME AJ> FO« INELASTIC C*OSS-SECTIONS
C
C — - — — — —

c •
CR SIGHAPO FACTORS FOM BONOABENKO CROSS-SECT IONS
CR *E»D IF 130(12) £0.1 AND NINT.NE.O
C
CL »U>t! = 'nNINT
C
CO X VALUES OF LNCSIGPOJ/LNUO) FOR HHlCn BONDARENXO-
CO CSOSS-SF.CTIONS ARE GIVEN
C
C————— ...—————-—.-....-.....-. ........................

£...«.-....«...«...«....—."••—-.*—.......................................

CR BCKDArtENKO TEHOERATUKES READ I F I R 0 I 1 2 I . E * . ! AND NTEK.NE.O
C
C!. TB(I>>!«I«NTEM
C
CO TB r£MPE»ATU«ES AT WHICH 'nCMUARENKO CWJSS-SECTIONS-
CO ARE oIVF.N
C
C . . .

c —— - . — . . . . . . - .
CR 80ND4)ENK0 SELF-SHltXClNG FACTORS HEAD IF I » 0 < 1 2 ) . E t f . 1 AND
CR N l N T . N t . O *N0 N T E M . N E . O
c
CL < « f T O T ( N . K , J ) . r C A P C N . K . J l . F t I c i N * K « J ) » F T a I N » K , J > » F £ L I N . R . J l .
CL N«J,N1NT> «K>l««iTEM< : J * i . ! i S s >
C
CO FTOT Tvi iAt SELF-SMlELDUiS FACIOH F0» HUQUP J, S I W O -
CO FACTOS* N , «N0 TEHPEHATUKC X
CO FCAP CAt>TUKE SELF-SMIELOING F*CTO«*
CO M i S J O h SELF-SHIELDING F 4 C T 0 *
CO FTB TxtANSPOMT SfLF-SKjCLOlNt i f ACTOW
CO FEL t L A S T I C StL^-SMlELOlNO F*CTOa
C

C — — . . . . — . . . . .
CP fiflNDAHENKO CROSS-SECTIONS HEAD I F U 0 ( J / ? ) . £ U . l ANO N J N T . " E . O -
CR AND NTEM.NE.O
C
CL (XSPO(J>»*SlN«J»»*i€lJ>«*S'l»UIJ».XSJiI «J)»»S€OCJ).ja
C
CO *SPO KOTSNTIAL SCA1Tts»I»iG
CD XS1N M t l . * S T I C CROSS-SECTION
CD XSE t L « » J I C CWOSS-SECTltOM
CD KSt'U AvfcSUGt COit .xt Of SCAi !£A iNG ANGLt
CO KS»I A v t " * G t CLASTIC SCATrt»»I»JO t £ TMAfciit
CO KSEO t L A S T I C 5u*NSCATft>»lN'> f t i AOJACiNl
C
c — . . . . . . — . «•——
CFOF



c
CF PFRTMTGP FILE
Cf. PF9TU«aED HULT1GW? FILE

c

c ,._.«.-_.
c
C S*Mf ST^UCTUWC AS MULUGH? Hit.
C
CfOF

CF ZONEOEHS FILE
C

••••••••••••••••••••••••••••••••#*«*9»***>*«*«*»*»»««*»»»

OH ATOM OFNSJTIFS
C
CL <<AOEN*I.J>•I=1*HL>
C
CO ADEN AiO« DENSITIES 8Y ISUTOPt AND ZONE
CO Ml. *
C
C--... . . . — — — _ .

£•••••••4 •••••••••••••••••••••••••••••••••••••I- ^••••••••••••••••••••••••

c
CF ETX INPT
Ct ETOI COO£-Ot*»ENDENT INPUl OAT A FILE
C
£•••••••«••->••••••••*•••••••••••••••••••••••••••••*••••••••••••••••»••••

c ——
CR S£CO»U CONTMUL
C
CC at*Q IF Ii-E*DtH>.iPQ.i
C
CL «|SO«J>»J»1»3»
C
CO IBOIJ) RE*O rtt<-O«O J FROM C A H O S (1/0«T£S/NOI. IF I H E A O U U -
CO .e«>.l« ALL TME iBOIJ) AH£ SET INTERNALLY TO i. IF -
CO ISfAUtU) IS EUUAL TO ? O« «.» OM|T ALL CAHO INPUT
CO FO« TM£ ETK 1N»>T FILE.
CO lOfAOUl) SEt CA«O INPUT FILE CONTMOLS
r _



c—
CR
C
cc
c
CL
C
CL
C
CO
CO
CO
CD
CO
CD
CD
CO
CO
CO
CO
CD
CO
CC
CO
CO
CD
C
C —

DATA COMMON TO ALL ISOTOPES TO BE PROCESSED

READ IF IRDUI.EQ.l

NIS0.1DTAP.N6.LN5

(FGU).I = 1 KEAD IF NISO.GT.O
m

NISO TOTAL MUMdfc* OF ISOTOPES TO BE PROCESSED. ISOTOPES MUST -
BF. PROCESSED IN THE SAME RELATIVE ORDER AS THEY OCCUR
ON THE ENDF/8 TAPE.

1DTAP ENOF/B DATA TAPE I.D. NUMBER <IDTAP.GF.l.AND.IDTAP.LE.
9999). ENDF/B DATA TAPE MUST BE MODE 1 (STANDARD BINARY)-
AND MUST Bt ASSIGNE.0 TO LOGICAL UNIT TAPE48.

NO NUMBER OF ENfcSGY GROUPS OF OUTPUT CWOSS SECTIONS <N6.GE.5-
.AND.NG.LE.9V>. IF AN ETOX LIBRARY IS TO BE UPDATED. NG -
MUST BE THt SAME AS THAT FOR ISOTOPES ALREADY IN THE
LIBRARY.

LN5 NUMBER OF DOwNSCATTtRING GROUPS (INCLUDING SELF-SCATTER) -
OF OUTPUT CKOSS SECTIONS (LN5.GE.1.AND.LN5.LE.NG). IF
AN ETOX LIBRARY IS 10 BE UPDATED. LN5 MUST BE THE SAMF
AS THAT FOR ISOTOPES ALREADY IN THE LIBRARY.

Efi(I) GROUP BOUNDARIES <EV> BEGINNING WITH LOWEST ENERGY.
PGU)=O IS NOT ALLOWED.

NG1 = NG*1

CR
C
CC
C
CC
C
CL
C
CL
CL
C
CO
CD
CO
CO
CO
CO
CO
CO
CO
CO
CD
CO
CO
CO
CD
CO
CO
CO
CO
CO
CD
t.D
CO
CO
CO
CO
CO

ISOTOPE-DEPENOtNT DATA

SEAO IF NISO.GT.O.AND.1P.D(<?>.EU.1

DO 5 N=ltNlSO

(DESCRHI).I=1.12I.NAHei,MATl),NTEMP.NSiG0,LN6

I EMAXFFtEMINFF.EMNieF.CFF.DELMAXtDELUMX.ANFMHD«EPSt(TT(I)»I=l«
NTEMPS•(SIGOII>•1=1«NSIGO)

OESCRKI) TITLE ITWELWE 6-CHAKACTER WORDS)
NAMEI ISOTOPE NAME (ONE ^-CHARACTER WORD)
MATH ENDf/B ISOTUPE I.H. NUMBER (MATH .GE.l .ANU.MATU.

LE.999V).
NTEMP NUMBER OF TEMPEKATURES AT WHICH SELF-SHIELDING

FACTORS AKt TO bE CALCULATED (NTEMP.EQ.I.OR.NTEMP.E« -
.3).

NSIGO NUMBER OF "SIGMA ZERO* VALUES AT WHICH SELF-SHIELRING-
FACTOKS ARE TO bt CALCULATED (NSIGO.GE.l.AND.NSIGO. -
LF..6).

LNf> l/O=CALCULATt AND PRINT FISSION FRACTIONS/NO
EMAXFF MAXIMUM ENERGY <EV) FOR SELF-SHIELDING FACTOR

CALCULATIONS (EMAXFF.Gt.O).
EMINKF MINIMUM ENERGY (EV) FOR SELF-SHiELOING FACTOR

CALCULATIONS StKi^F.GE.O.AhiO.EMlNFF.LE.EMAXFF).
EMN2EF MIMIMUM ENERGY (EV) FOR WHICH FISSION SPECTRUM IS

USED AS THE WEIGHTING SPECTRUM (EMN1EF.GE.?.OE+O6>. -
CFF FISSION SPECTRUM CONSTANT (tV). CFF.GE.1.0E*06.AND. -

CFF.LE.2.0E*06.
OELMAX MAXIMUM LETHARGY SIZE FOR FINE bWOUPS (DELMAX.GE.

O.OOS.ANU.DELMAA.LE.O.t).
DCLUMX MAXIMUM LETHARGY SI/E FOR UNRESOLVED GROUPS (OELUMX. -

Gt»e.OU7.ANO.OELUMX.LE.0.25>.
ANFMPD NUMHER OF FINE-GROUP POINTS PER ENDF/B SIGMA TOTAL

DATA POINTS (ANFMPO.GE.0.5.AND.ANFMPO.Lt.3).
EPS ACCURACY PARAMETER FOR HOMHfcRG INTEG«ATION JtPS.GF.. -

0.00001.AND.EPS.LE.0.1).
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CD
CD
CD
CD
CD
CD
C
C—

TT(I) TEMPERATURES (DEG K) FOR rfHlCH SELF-SHIELCING FACTOHS-
ARF TO HE CALCULATED ( TT (I) .GF. .273. AND. TT <I) .LE.SQOO) -
VALUES MUST HE GIVEN IN INCREASING ORDER.

SIGOU) 'SIGMA it«O* VALUFS (ciARNS) FOR rfHICH S£LF-SHIE'!.DING -
FACTORS ARE TO HE CALCULATED (SIGO(I).GT.0). VALUES -
MUST rit GIVEN IN INCREASING OrtOERc

C
CR
C
CC
C
CL
C
CD
CD
CD
CD
CD
CD
CO
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
C
C
CEOF

LIBRARY UPDATE DATA

READ IF IRO(J).EO.l

NUP»NUP1.NUP2»NPR.NPK1.NPR2<>NLAST

NUP l/0=PR0DUCt AN UPDAltD LIBRARY OF trOX CROSS SECTIONS/NO
IF NUH=1. CROSS SECTIONS FOR NISO=NUP2-NUP1•1
ISO.• ->PES MUST HAVE BEEN GENERATtO IN THE CURRENT PUN.
THE OUTPUT LIBRARY IS WRITTEN ON LOGICAL UNIT TAPF46.

NllPl LIBRARY SEQUENCE NUM8FR OF FIRST ISOTOPE TO BE UPDATED.
NOT USED IF NUP=0. IF NUP=1 AND NLAST=0f StT NUPl=l.

NUP? LIBRARY SEUUENCE NUMBER OF LAST ISOTOPE TO t)E UPDATED.
NOT USF.D If NUP=0. IF NUP = 1 AND NLAST = 0» SET NUP2=NISO.

NPR l/0=PRINt C^ObS SECTIONS/NO. PKINf IS ALWAYS FROM
LldkARY ON LOGICAL UNIT TAPE46.

NPRI LIBRARY SEUUENCE NUMBFR Of FIRST ISOTOPE TO BE PRINTED.
NOT USED IF NPR=0.

NPR2 LIBRARY SEQUENCE NUMbFR OF LAST ISOIOPE TO HE PRINTED.
NOT USED IF NF-R=0.

Nf.AST TOTAL NUMBtW OF ISOTOPES ON THE INPUT LIBRAKY. IF NLAST
•GT.0.ANO.NUP.EQ.1. INPUT LIBRARY MUST BE ASSIGNED TO
LOGICAL UNIT TAPE47. IF NUP.EU.O.AND.NPR.ECI.1t INPUT
LIBRARY MUST bE ASSIGNED TO LOGICAL UNIT TAPE46.

C
CF
CE
C

*»»o«»»»»»»»»*»»»••»••»•»•••«»••«••*»•*•»•«••••»

ODX INPT
1DX COOE-DEPtMOENT INPUT DATA FILE

C —
CR
C
CC
C
CL
C
CD
CD
CD
CD
CD
C
O -

RECORD CONTROL

SEAD IF IREAOtl?).E0.3

(IRD(J).J=l»7)

IRD(J) READ WECORD J FROM CAROS (1/0 = YES/NOS. IF IPEAD(12)-
.EO.l. ALL THE IKD(J> ARE SET INTERNALLY TO 1. IF •
I9EADI12) '.S EOUAL TO 2 Oil <M OMIT ALL CARD INPUT
FDR THE ODX INHT FILE.

1REAOU2) SFE CARO INPUT FILE CONTROLS
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c—
CR
C
CC
C
CL
CL
C
CO
CO
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CO
CD
CO
CO
CO
CD
CO
CD
CD
CD
CD
CD
CD
CD
CD
C
C--

TITLE AND CONTxOL •'ARAMFTERS

BEAD IF It*DU).EO.l

).I=l«ll).MAXT.MACM,NPl<T»NHCF.NlFF.MM01»NC««NTRt

ID(I) TITLE ftLEvEN 6-CHARACTER *ORDS)
HAXT MAXIMUM RUNNING n*t <MIN> FOR JOB <NOT USED IF
NXCM NUMBER OF DOWNSCATTtR bROUPS IN CROSS SECTIONS
NPRT 0/l/2=Ci£LfCTt PRINTING OF XSEC DATA AND FLUXfcS(MINI PRINT)-

/DELETE PRINTING OF INPUT XSECS IN 30N0ARENK0
FORMAT(MIOI PRINT)/FULL PRINTJMAXI PRINT}

NPCF NUMbER OF MIXES USEU IN GENERATING KESONANCE SHIELDED
X«5£CS. IF NRCF.GT.Ot XSEC INPUT MUST HE IN THE
BONDAWENKO FORMAT FROM AN ETOX LIBRARY TAPE ON LOGICAL
UNIT TAPE46. THt NRCF MIXTURES MUST 9E SPECIFIED FIRST -
IN THE 10 TABLE (SEE MM01 BELOW). IF NRCF*0t XSECS ARE •
READ FSOM MULTIGRP. !0 TABLE IS SPECIFIEO IN MIX DATA
FILE.

NIFF WMBEP OF SPECTRUM ITERATIONS IN THE CALCULATION OF
ELASTIC DOwNSCATTE^lNG. RECOMMENDED VALUE NIFF=0.
NOT USEO IF NRCF=0 AND SET TO ZERO INTERNALLY IF IA02*l -
(ADJOINT CALCULATION).

MM01 LENGTH OF 10 TABLE *-0R THE FIRST NRCF MIXTURES I.E.
NUMdER OF MIXTURE SHEC1FICAT10NS FOR GENERATING RESONANCE-
SHIELDED CKOSS SECTIONS (MMOl.LE.MOl). SET MM01=0 IF
NPCF=0. Mul IS SPECIFIED IN THE ADMNSTW FILE.

NCR NUMBER OF COLLAPSED GROUPS. IF" NCR.GT.IGMt NO GROUP
COLLAPSING CALCULATION IS DONE. MULTIGRP FILE IS
WRITTEN ONLY IF NCR.LS.IGM, ISM IS SPECIFIED IN ADMNSTR -
FILE.

NTR TYPE WEIGHTING FOR COLLAPSED SIGMA TRANSPORT <0/l»
NORMALIZED/RECIPROCAL)

NFGM NUMBER OF COLLAPSED MATERIALS (NOT USED IF NCR.GT.IGMJ
IPUN O/1=PRINT COLLAPSED XSEC DATA/NO
MULTl O/l=MULTIGRP/PERTMTt.P TO BE READ (USED ONLY IF NRCF=0). -
MULT2 O/1=MULTIGRP/PERTMTGP TO BE WRITTEN (USED ONLr IF

NCR.LE.IGM).

C —
CR
C
CC
CC
C
CL
C
CD
CD
CO
C
C —

BUCKLING MODIFIERS

READ IF (lEVT.EO.5.0R.(IBK.En.-l.AND.bK.NE.0.0)).ANO.IR0<2>-
.EO.l

(GAM<I).I=1»IZM)

GAM(I) BUCKLING MODIFIERS BY ZONE
BK BUCKLING (SINGLE VALUfT) FROM GEO DIST FILE
lEVTf IZM. AND IBK ARE SPECIFIED IN ADMNSTR FILE.

CR
r
CC
C
CL
C
CD
CO
CD
C
C —

FISSION FRACTIONS AND VELOCITIES

HEAD IF >J(<CF.UT.0.AND.IRLM3) .EU.l

K7(I) FISSION FRACTION tit GROUP
V7(I) VELOCITY rii GROUP

NUMBER OF tNF.k&Y GKOU^S (SPECIFIED IN ADMNSTR FILE)
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c »
CR ZQNF MOD If If.»*S
C
CC HEAD IF ItVT.Kli.'f.AWO.IROCI .60.1
C
CL (P3(I).I=1,1ZM)
C
CD R 3 U ) ZONE "Ol-U 1ER FOrt ZUNF 1. IF R3<l>=0. WIDTH OF ZONE I
CD IS HELD CONSTANT.
C

c— .—.—. ...— — — .......
CR DATA FOR XStC G K O U P COLLAPSING
C
CC REAR IF NC«.LE.IGM.A^U.IRD(53»E0.1
C
CL (NPN(I).I = 1.NC!J) t <N*P<I).I=1«MFGM>.(NZN<II.I=1,NFGM>
C
CO NPN(I) NUMbER OF ORIGINAL GROUPS IN ITH COLLAPSED GROUP
CO NFP(I) RFFEREMCE I.D. NUMBER OF ITH MATERIAL TO BE COLLAPSED
CD N2NU) ZONt NJMBEH OF FLUXES TO BE JSED FOH COLLAPSING ITH
CD MATERIAL
C
C .

C
CR DATA FOR RESONANCE SHIELDING CALCULATIONS
C
CC READ IF MRCF.GT.0.AN0.IR0<6).FQ.l
C
CL <NZ(I>.I=ltNRCF}.<HETCCI>,I=l.NRCF>•<J1<I)t1=1.MM01)t
CL (ATEM(I) <I = ltMM01>« (MFU) tI=l.MMOl> . <U7 < I) « 1 = 11IGM)
C
CO NZ(I) ZONE NUMBER OF FLlMES TO BE USfcO IN ELASTIC OOWNSCATTER
CD ITERATIONS FOk ITH MIX
CD HETC(I) HETEROGENEITY CONSTANT (CM) FOR ITH MIX
CD Jlil) MIX COMMANDS SIMILAK TO II TABLE
CD ATEM(I) TEMPERATURE (DEG K) Of- NUCLIOES IN Jl TABLt
CD MF(I) 0/l=FUfcL/MODtRAT0R DESIGNATION FOk NUCLIDES iN Jl TARLE
CD U7(I) LETHARGY WIDTH BY bROUP
CD MIXTURES IN THIS RSCOkD REFER TO THE NRCF MIXES USEU IN
CD GENERATING RESONANCt SHIELDtD XSECS. SEE BNWL-954 FOk EXAMPLF
CD ON HOW TO SET UP Jl TABLE.
C

c . .
CR EXTPA DATA NEEDED FOS WPITING MULTIGRP FILE AFTER
CR GROUP COLLAPSING
C
CC READ IF NCR.LE.IGM.AND.1R0<7).EQ.l
C
CL NFAM,(ISONME(I)%AWK(I)»UCA(I(»EFIS(I)«ECAP(1),TDC(I).IZAS<I>»
CL K8RU)«ICHKI) .I = 1»NFGM)
C
CL (DNDC(N)*N=ltNFAM) HEAD IF NFAM.GT-0
C
CC DO 5 I=1«NFGM
C
CL ((CHI(I.JtK).J=I«ICHl(I))t<=liNCR) READ IF ICHI(I).faT.O
C
Cl S ((DNCHI ll«J»N).J=1»NCR)»N = 1»NFAM) READ IF ICHI(I).NE.O*AND.
CL NFAM.GT.O
C
CD NFAM NUMBES OK UtLAYEQ NEUTRON FAMILIES
CD ISONME(I) 6-CHAPALTEK NAME FOk COLLAPSED ISOTOPE I
CD AwP(I) PATIO OF COLLAPSED ISOTOPE ATOMIC WEIGHT TO THAT OF
CD NEUTRON



CD
CD
CD
CD
CO
CO
CD
CO
CD
CD
CD
CD
CD
CD
CD
CD
CO
CD
CD
CD
CD
CD
CO
CD
C
C
TFOF

DCA(J> DECAY CONSTANT U/SEO FOk COLLAPSED ISOTOPE I
CFIS(I) FISSION ENERGY IM-atC/FISS) FOR COLLAPSEO ISuTOPE I
ECAPU) CAPTURE ENERGY (w-SEC/CAP) FOR COLLAPSED ISOTOPE I
TOC(I) TEMPE-JATUHfc <OEO C> FOP COLLAPSED ISOTOPE 1
I7ASU) l0tf0»2»10»A*S WHE^E Z-ATOMJC NO* AsATOHIC «T. AND S«

FiHAl STA1E NO 10=00 STATEI FOK COLLAPSED ISOTOPE I
KBO(l) MATERIAL TYPE FLAG FOrt COLLAPStD ISOTOPE I

n/l/?/3/<./b=iiNDEFINeO/r!SSILe/FERT!Le/OTHew HEAVY
MATERIAL/STRUCTURAL/FISSiON PRODUCT

ICHtni FISSION FLAG FOR COLLAPSED ISOTOPE I
-)=FISSlUNA8LE-uSe CHI FOR SET
0=NONF1SSIONABLE
1=FISSIONABLE-CHI NOT INCIDENT ENERGY DEPENDENT

NCRsFISSIONA8LE-CHl IS INCIDENT tNERGY DEPENDENT
DNOCIN) DECAY CONSTANT Cl/SEC) FOR DELAYED NEUTRON PRECURSORS

IN FAMILY ri.
CMKI.J.K) FISSION SPECTRUM (-0H ISOTOPE I. GIVEN AS THE

FRACTION OF FISSION NEUTRONS BURN IN GROUP K WHEN
THE INCIDENT MEUTRON IS IN GROUP J. IF ICHKI>»1.
CHI I» NOT INC1DFNT ENERGY DEPENDENT.

DNCHIII«J«N> DELAYtO NEUTRON SPECTRUM FOR ISOTOPE I. GIVEN AS
THE FRACTION UF DELAYED NEUTRONS ASSOCIATED WITH
FAMILY N WHICH ENTER GROUP J. THE SUM OF
ONCHl(ItJtN) OVER ALL J IS TH£ YIELD FOR FAMILY N.

c
CF
CE
C

AN1 INPT
ANISN CODE-DtPENUENT INPUT DATA FSLE

C—
CR
C
CC
c
CL
C
CD
CD
CO
CD
CD
C
C —

RECORD CONTROL

READ IF THEALK13).tQ.3

URD(J).J=1»9)

IRD(J) READ HECORO J FROM CARDS (1/0=YES/NO). IF IREAD(13>-
.EO.I« ALL THE IRO(J) AWE SET INTERNALLY TO 1. IF -
IQEADO3) IS EuliAL TO 2 OR <t. OMIT ALL CARD INPUT
FDP THE ANI INPT FILE.

IREADU3) SEF CAUD INPUT FILE CONTROLS.

C —
CR
C
CC
C
CL
CL
C
CD
CD
CD
CD
CD
CD

IFG.

T(I)
10
IWT
IMS
IHM
IDFM

COMTfiOL

IF lkD(l).£.Q.l

l.i2),iD»IrtT»IHSt

TITLE <TwEH/t 6-CMAkACTEH hOROS)
PRO'JLfy ID NUMbEhi
CPOSS SECUON TABLE POSITION OF SICMA TOTAL
CROSS SECTION TABLE POSITION OF StLf SCATTEW SIGÎ A
CROSS SECTION TAULE LFNGTH
l/O=DF\iSITY FACTORS USED/NO
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C—
CP
C
cc
c
CL
C
CL
C
CO
CD
CD
CD
CD
CD
C
C —

c—
CR
C
CC
r
CL
C
CD
C
C—

C —
CR
C
CC
c
CL
C
CD
CD
C
C—

C —
CR
C
CC
c
CL
C
CD
CD
C
C —

CO IPM IM/l/0=tNTt* SHELL SOURCE BY INTERVAL.GROUP. ANO ANGLF/
CO HY O»»OUP AND ANGLE ONLY/NONE
CO IPP INTERVAL NUMbtW THAT CONTAINS ShFLL SOURCE IF IPM«1
CO 101 l/O=HPIhT A.JGULAt* FLUX/NO
CD 1P3 N/0=COMHUTt N ACTIVITIES 8Y £ONL/NO ACTIVITIES
CD 104 l/0 = CO«t'UU M ACTIVITIES BY INTE»VAL WHERE N REFERS
CD TO lOJ/hO
co rnAT? i/o=£KrcuTt DIFFUSION ;>OLUTION fuk SPECIFIEU GWOUPS/NC
CD I f G l /C^COLLAJ'St C^ObS SECTIONS/NO
CD IFLU 0/I/2=STE»J MOOEL UStO WHEN LlNtAH ExTRAPOLATIUN YIELDS
CD NtC-ATIvt TLU* (MIXED H00E)/U5t LINEAR MyOEL ONL*/
CD JSE bTEP MOOEL ONLY
CD 1FN l/O=tl̂ E FLOX GUESS/FISSION GUESS. FLUX GUESS TAKEN FROM
CD 6»? FLXS FILE. FISSION GUESS MUST BE ENTEHEO FROM
CD CA*DS.
CO IPRT O/1=P»INT CMOSS SECTIONS/NO
CD i)FMl TBANSVE^SE 0IHENS10N FOK VOID STREAMING CUHrtECTION
CD »YF NOBHALLV O.b. tPS/KYF IS USEO AS CONVERGENCE CRITERION
CO ON SCATT£KI«/G (TuTAL ANO UP)
C

FIXF.O SOjkCf

PEAD IF IEVT.fcU.O.AND.lRO(2).E0.1

I.J)«I=1«IM).J=l.IOrt) READ IF M06.ta.ll

(<(OS(M.I,J>,M=1»MM)»I=1»1PM)«J=l,ieM) HEAD IF 1PM.OT.0

OD(liJ) DISTH1BUTLD SUOriCE FOR INTERVAL I AND GROUP J
QS(M,I.JJ SHtLL SOUKCE FOK DIRECTION «« INTERVAL I« ANO

GJJOUP J
OD AND (JS CANNOT BOTH BE PHEbENV IN THE SAME PROBLEM.
MM NUMBER OF ANGULAR DIRECTIONS.
IFVT. IM, IGM, AND M06 AKE SPFCIF2E0 IN THE ARMNSTR FILE.

FISSION GUESS

HEAD IF IFN.tu.0.AND.I»DI3).EO.l

FD(I) FISSION DENSITY BY INTERVAL

RADIUS MODIF

RFAp IF I£VT.F.M.4.AND.IRl>(4).Eli.l

(PMd) ,I = I

RM(I) RADIUS MODIFIERS B1 ZONE
IFVT AND IZM A»h SPECIFIED iN THE ADMNSTR FILE.

OEMSITY FACTUKS

READ IF ItJFM.EU.l.AND.IR0<5).E0.1

<OF<I).1=1.IM)

DFU)
IM

DFNSITr FACTORS HY INTERVAL
SPECIFIED IN THE ADMNSTH FILE.
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c—
CR
C
cc
c
CL
C
CD
CO
C
C —

ACTIVITY DATA

RF.AD IF ID3.L>T.0.AN0.lRD<fc> . E Q . l

<J3CI>«I = ) .103)

Jill) MATERIAL NUMBlKS FOk ACTIVITIES
J 4 U ) CROSS SECTION TAbLE POSITION FOH ACTIVITIES

C—
CR
C
CC
c
CL
C
CD
CD
C
C —

DIFFUSION MAKKERS

RFAD IF IDAT<J.EU.LANU. IHD(7) .EQ. l

U G T ( I > . I = t » I G M )

IGTtI) O/1=USE TRANSPOHT/OIFFUSION THEOKY IN GHOUP I
IGM SPECIFIED I'M ADMNSTK FILE.

C--
CR
C
CC
C
CL
CL
CL
CL
C
CD
CD
CD
C
C —

ALBEDO

READ IF (IBOl.EQ.3.0R.IRO<?.£0.3).AND.IHOlbJ.EO.l

(ART (I) .IM.IGM) ? (ALF Til) ,I = I,1GM) MEAD IF 1801 .EO.3.AND.
IB03.EO.3

<ART(I),I=1»IGM> WEAO If IB02.EQ.3.AND.IBO1.NE.3
(ALFT(I).1='.IGM) READ IF IB01.EU.3.AND.I902.NE.3

ART(I) ALBEDO 6Y GROUP FOR RIGHT BOUNDARY
ALFTU) ALBEDO BY GHOUP FOH LEFT BOUNDARY
IROl. IR02. AND IGM SPECIFIED IN AOMNSTR F R E .

C
CR
C
CC

CL
C
CO
CO
CD
CD
CD
CD
CD
CD
CD
C
C
CEOF

GROUP COLLAPSING PARAMETERS

READ IF IFG.EU.I.AND.IMD<9).EQ«1

ICON»!HTF,IHSF,IHMF,IPUN»(Fb6(l)«1=1»IGM)

ICON

IHTF
IHSF

IHMF

FGG(I)
IGM

1/2=COLLAP!>E MICRO CROSS SECTIONS/MACRO (MINUS IMPLIES
CELL WEIGHTING)

POSITION OF SIGMA TOTAL IN COLLAPSED CROSS SECTIONS
POSITION OF SELF-SCATTER SIGMA JN COLLAPSED CKOSS
SECTIONS (MINUS IMPLIFb UPSCATTER RtHOVAL)
TABLE LENGTH OF COLLAPSED CROSS SECTIONS
l/0=PUNCH COLLAPSED CROSS SECTIONS/NO
FEW-fiROUP NUMBER FOk EACH MULTIGROUH
SPECIFIFD IN ADMNSTk FILE.
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C
CF DOT INPT
CE D0T2DB CODE-OEPENOENl INPUT DATA FILE
C

C • —
CR RECORD CONTROL
C
CC READ IF !»EAU(1<.) .tO.J
C
CL (IPD(J)»J=1»6>
C
CD IRO(J) READ HECURD J FROM CARDS < 1/0 = YES/NO). IF IREADU4)
CD .EG.l. ALL THE IRD(J! ARE SET INTERNALLY TO 1. IF
CD I3fcAD(l<.) IS EUUAL TO 2 OR U, OMIT ALL CARD INPUT
CD FOR THE DOT INPT FILE.
CD IREADU<O SEE CARD INPUT FILE CONTROLS
C

c — -

c
CR CONTROL PARAMETERS
C
CC HEAD IF JftDin.EO.l
C
CL <ID(I)»I = 1.12).A01»FXTtlHT.lHS,ITL»M05tSO<»»iAFT»MO<».M06.IB01.
CL IB02«IB03.IB04
C
CD IB TITLt (TWELVE 6-CHARACTER WORDS)
CD A01 PROBLEM I.D. NUMBER
CO iXT KLUX CALCULATION MODE
CD 0=LINEAR EQUATIONS ONLY
CD 1=LINEAR MOOEt RECOMPUTE NEG. FLUX
CO 2=STEP FUNCTION EQUATIONS ONLY
CD IMT CROSS SECTION TABLE POSITION OF SIGMA TOTAL
CD IHS CROSS SECTION TABLE POSITION OF SELF SCATTEP
CD ITL CROSS SECTION TABLE LENGTH
CD M05 NUMBER OF REGIONWISE ACTIVITIES
CD ISO* INITIAL INNER ITERATION MAXIMUM PER GROUP
CD IAFT FLUX MOMENT AND ANGULAR FLUX OUTPUT TRIGGER
CD 1=NO PRINT
CD 2=PRINT
CD M04 NUMBER OF POINTWISE ACTIVITIES (M04.LE.M05)
CD M06 DISTRIBUTED FIXEO SOURCE INPUT OPTIONS
CD -1=NO UISTrtlaUTtO FIXED SOURCE INPUT
CD 0=KEAD ONE BLOCK CONTAINING IGM WORDS
CD 1=KEAU IGM tJLOCKS EACH CONTAINING IM»JM WORDS.
CO 2=READ TWO BLOCKS WITH THE FIRST CONTAINING IGM
CD WOtfUS AND THt SECOND IM'JM WORDS.
CO 3=PEAU THREE BLOCKS CONTAINING IGM» IM. AND JM WORDS-
CD 4=KEAO TWO BLOCKS FOR EACH GROUP. THt FIRST BLOCK -
CD CONlttlNS IM WODDS AND THE SECOND CONTAINS JM WORDS-
CD IP01 LF.FT BDUNDAWY CONDITION (0/I/2=VACUUM/REFLECT/PERI0DIC). -
CD 1302 "IGHT 3OUNUAt^r CONDITION (0/l/2/3/4=VACUUM/REfLECT/
CD PfOJODICVWHirt/lNPUT ROUNDARY SOURCE)
CD 1803 TOP BOJNOAKr CONDITION (SAME OPTIONS AS IB02)
CD IR04 BOTTOM BOUNDA^r CONDITION (0/l/2/3=VACUUM/R£FLECT/
CD PFRIODIC/«(.-il Tt)

CD IGH» IM, »ND jv( SPtClFIEO IN ADMNSTH FILE.
C
C .

48



c .
CR OISTRIHUTED flKtO SGLWCF.
C
CC READ IF ItVT.FO.O.ANO.M06.G£.O.ANU.lfiU(?).EO.i
C
CL (Z(G).(i=l.If>M) MEAD IF M06.EU.0
C
CD FI>SORiG.I.JI=7(fi) b=l»lGM 1 = 1.IM J=1.JM
C
C DO 1 G=1,16H
CL 1 READIN) ((FIXSl)k(O«I<J)t1=1tlM),jsl,jM) WtAD IT HOb.EU.l
C
CL (Z(G)»G=1«IOM).I(AY(l.J)»I=lvlM)fJ=ltjM) READ IF M06.E».2
C
CD FIXSOR<G.I,J)=Z(G)«XY(1.J)
C
CL (Z(G>«G=i.IOM)<<X(I)<I=1.I<4),(Y(J),J=1vJH) HEAD IF M06.E0.3
C
CD FIXSOP(G.I.J)=Z«G)»x(l)»Y(J)
C
C DO 1 G=1.IGM
CL 1 READ(N) (X(G,I).1=1.1M».(Y(ti«J)«J=ltJM) KEAD IF MOb.EQ.4
C
CD FIXSOR(G.I,J)=XtG.l)«Y<G.J)
C
CO IPVT. IGM, IM, AMD JM SPECIUF.D IN ADMNSTH FIlE.
C
C = «.

c , «__... „
CR FIXED BOUNDARY SUUHCt
C
CC READ IF (IR(^.EQ.4.OU.ie03.EQ.<t).AND.ltiO(3}.EQ.l
C
CL (S(I)tI=l«IUSS>
C
CD IHSS=0
CD If (IBO2.E«.<t) I8SS=(H5*IA04/2)»JW»IGM
CD IFHb03.EO.4) IbSS=I«SS»I15«lM«IGM
CD I15=IA0*»(IA04+4)/*
CD IAO<t. IM, JM, ANO i<iM SPECIFIED IN ADMNSTt* FILE.
CD SEE GFAP-13537 FOR OkDEh OF SPECIFICATION OF S(I). DISTRIBUTFO -
CD AMD BOUNDARY SOURCtS CANNOT BOTH Bt SPECIFltO IN THt SAME PROBLEM-
C
C ._

CR MATFrtlAL NUMBERS AMD TABLE POSITIONS FOR ACTIVITY CALC
C
CO READ IF ^05.oT.0.ANL».IRD(<t).EO.l
C
CL (MN(I) ,I = 1,MOS; , (NI-'OS(l) »I = l,M05)
C -
CD MN(I) MATt^IAL NOS. FOR ACTIVITY CALCULATION
CD '^ACTIVITY OF MATERIAL N COMPUTED IN-
CD ALL INTERVALS IN WHICH N IS
CD PRESENT.
CD -N=ACTIVITY OF MATERIAL N COMPUTEO
CD IN ALL INTERVALS.
CD O=ACTIVITY COMMUTED AT EVERY
CD INTERVAL FOR MIXTURE ASSIGNED TO -
CD THAT INTERVAL.
CD N°OS<7> CROSS SECTION TABLE POSITIONS FOR ACTIVITY
CD CALCULATION.
C
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c
cc
c
CL
CL
C
CO
CO
CD
CD
CO
CD
CO
C
C —

WIDTH tsAt'CM PA*AMFTtKTS

IF

<AMOI)(J) • . ! = ! • J?)

HA151AL

S «H]CH MAOIAL MODIFIED IS USED IN THE

AXIAL MOD1FIF.R IS USED IN THE
OHOO(l)
NAXL(J)

JNlt'KVAL.
AM0n<j> AA1AL MO01FIEWS
IFVI, IMt II. JM, AND JZ SPtClFIt'O IN AOMKsTH FILE.

C
CR DIFFUSION
c
CC «EAO IF IAll.tO.0.AN0.luO!')).EU.l
C
CL <NOM(I).1=1.IOil
C
CD NOM(I) 1 =tlSe DIFFUSION THEORY IN GROUP 1
CO O=US£ TRANSPORT TriEOHY IN GROUP I
CD Ull AND IGH SPECIF ICO IN AUMNSfK FILE.
C
c
CfOF

c
CF CLU INPT
CE CLU*> COOE-f)CftNOtNT INPUT UATA FILt
C

c

CP WECOPO CONTCHL
C
CC WEAO IF IktALMlb).EQ.3
C
CL U R D U ) »J=1»7>
C
CD IROtJ) f£*D Kt'COHD J V rtOM CAKDS (1 /0 = VES/NO) . IF
CO I » t A £ M 1 5 > . I . O . I . ALL 1HE 1 « D ( J ) ARE SET INTERNALLY
CD TO 1 . I F I » £ A l i < 1 5 ) I S EUUAL TO 2 O« <t. OMIT ALL
CD I^UT FOR THE CLR INPT FILE.
CD IOF.A0I15I SET CARD INPUT i ILE CONTROLS
C

c
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c
ce
c
cc
c
CL
c
CO
CD
CO
CO
CD
CO
CD
CD
CO
C
<•>

TJTL

SFL

Tine AIO *»£*.<TNONJCS SELECTION

TITLE (TwfcMT FOUP 6-CMArtACTEtf
CPU TIMt Ll*lT (MSN> FOK THE CALCULATIO&J
NFUTBONICS SELECTION (3-CHArt*Crt« HOLLERITH rfORD)
3MZAf»NO MuTKO'NICS CALCULATION* USE *ONl-AV£H»GED

fLSMES ON JXTOUAUT FILE
3HAIMaJNF!i»JTE ME01U* CALCULATION

OTHERWISE UtNOTES THE PARTICULAR FL U * MODULE 10 B£ USCO
IN THE FUEL CYCLt CALCULATION. 3N0DX, JHAM* AND SHOOT

AVA1L48LE.

c
CR
C
CC
C
CL
CL
C
CD
CD
CD
CD
CD
co
CD
CO
CD
CD
CD
CD
CD
CO
CO
CD
CD
CO
C
C

INFINITE MEDIUM DAI A

HEAD IF SEL.tU.3ruMM.AN0.IR0<ai.£0.1

(INFDd! .I*1«I ! ) • <Ael( I) tjxl, t,)
<FHl>«I«i«!NFDn>) MEAt) IF lNFU<7).t(J.l

INFDU)
IMF0<2>
INFOO)

IMFDJ4)

INPDtSJ
INFD<6>
INF0<7>
INFDlfl)
INFO(9)
INFO(IO)
INFD(II)
AB<1)
AB(2)
AB(3)
AHJ4)
Btl)

0^ ENE4br GHOUPS
LIMITIN6 NUMBt* Of ITERATIONS
tICENVALUE TVPt I0/1/2»KEFK/UUCKLING SEARCH/
(1/V) ABS0HBE3 SEARCH)
1/0=SOLVE ADJOINT PHOBLEM EACM TIHE THE SPECTRUM

is CALCULATED/NO
1/0=SOLVL ADJOINT PROBLEM AT START-OF-CYCLE/NO
I/0»SOLVt AOJOlNT PROBLEM AT END-OF-CYCLE/NO
I/0=9tAO GhOUP-UFPENOENT VALOES OF d**2/N0
NJMREk Of MUCLIDES
1/O=PH1NT ITERATIVE DATA/NO
l/0=Pi<lNl HACKUSCOfIC CHOSS SECTJONS/NO
1/O=PKINT MACROSCOPIC SCATTERING KE«NEL/NO
DESIRED FLUX CuNVfc«GENCE
DESIRED SOUrtCE AND FISSION SATE CONVERGENCE
VALUE OF B»«? USED FOR ALL GWOUPS UNLESS IMFO<7>=1
nESIRtb KEFF FOR SEARCH PMOftLfMS
G»OUf>-OEPENDENT

c
CR
C
CC
C
CL
C
CD
CD
CD
CD
CD
CP
CO
CD
cn
CD
CD
CD
CD
CO
CD
CD
CD

DEPLETION HISTORY AND EDITING OPTIONS

READ IF IftD(3).Eu.l

(HOLL!I)«I = 1»1?)« <N0<J)«I = 1«I7).(DD(1).1 = 1•!/).(IEDT(I)11 = 1,12)

HOLL(I)
N D d )
ND(?)
NP<3>

NDI5)
N0(6)

ND(7)

DEPLETION HISTORY TITLf (TWELVt 6-CHARACTER WORDS)
NUMBER Of" CYCLES
Max NUMBER OF OfcPLETION TIMt STEPS FOR FIRST CYCLE
SAKE AS ND(2) BUT FOR SECOND CYCLE
SAME AS NO(3) BUT FOR ALL OTHEK CYCLES
NJMHtK OF SuBbTfcPS FOP EACH DEPLETION STEP
l/O=Kt.CALCULArt FLUX AT END OF TIME STtP ANO USE

LINtAK-AVLKA6tO FLUX VALUES OVER SU8STEP

O/l=SAVt STA^T-OF-STEP NUCLIOt DENSITIES FOR END-OF
CVCLt ktCOVtPY/NO

0/^^ENO^rtALlZt ^LUA ftfltk EACH SUBSTE^ JO ACHIEVE
D-SIh'EO PJ«£« LtVfcL/Nu

l/0=Kt fU-<W fO»tK LKVEL TO URIGINAL SPECS (SEE OD(1)
AND 00 (b)) AFIL:.- tACh NEUTKONICS CALC/AOJUST
POWLK LEVtL To GIVL DESIRtU AVERAGE OVEH THE
TIME. SiclPS (StE DD<5) AND 00(6))
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CO
CO
CD
CO
CD
CO
CD
CO
CO
CO
CO
en
CO
CO
CO
CD
CD
CO
CD
CD
CO
CO
CO
CD
CO
CO
CO
CO
CD
CO
CO
CO
CD
CO
CV
CO
CO
CO
CD
CO
CO
CO
CO
CO
CD
CD
CD
CD
CD
CO
CD
CD
CD
CD
CO
CD
CD
CD
CD
CO
CD
CD
CD
CD
C
C

NO(I 0 >

NO (1 1 .'

MD(1?}

N O 11 j)
N0U4!

NO 11S)

NO 116)
NO <17 >
ODd)
0012)
00(3)
OOli)

DO. 5)
00(6)

0017)
DCMB)
D0<9>

00(10)
DO(11)

DOU?)

00(13)
00 <U)
00(15)
00(16)
00:17)
IEDTU)

J.E0TI2)
IEDTO)

IEDT(*>

IE0T(5)

IEDT(6)

IFDT<7)

1EDTI8)

IF_DT<«>

IEOT(IO)
IEDT(ll)

IEDT<1<?)

O»?»0?» <JN> L iM|TJ« l& DENSITY <SiE UO<<i>>

l=CONTjNUf H I T M U U T CHA»«»i IN
QHlf LEVtL 10 L1HJ1 TMfc POWER DENSITY-
UWt« TO MAINTAIN THE P0Ht» DENSITY

OENSITt 001*) APPLieS TO ZONES/ -
J = A0JU*>T

1»/1=LIMJ1 INO

0/l=L!«niNO al ul)(9) TO

1/0=00 NiOTMO-VlC CALC FOR ENO-OF-CYCLE CONOiT 10NS/N0-
0*1 ION ON EUD-Of-CYCLf

-l=t*TK6t»JLATE ON CONTROL
•j=tXlhiA»J3LATE ON EXCESS RtACTIVlTY
1=0^ NOT EXTKAPOI.ATE

0.>T10* >OH CALCULATION OF CONVtRSION RATIO
O=USE C*^IU°E KATE IN FERTILE MATERIAL
l=USt (N.t.AMMA) RATE IN Ft&TILE KATfcRlAL
OK ENE^u
Of MAIEKJA!

tUrtt HOtat* LEVEL »wT> FOR FIHST CYCLE
RATIO OF THERMAL Tl» FJSS10N fc'NtRGY
FRACTION OF CONt JNCLUOEO IN Tut «OU£L
LIMITING POWER 0FNS1TY <w/CCK USE Of D O C ) DEPF.NOS-
OM OP I IONS CHOSF.N FOR NO(|U) ANO N D U 1 ) .
OESlRtO POWER LEVtL (M*«T) FOR ALL CLASS 1 ZONES
SAME Ai DUI6) BUT FOR ALL CLASS I ANO "d ZONES
SUMMEO. FLUX LEVEL IS AOJUSTEU TO MAINTAIN ElTHfR -
D01SI OR 00(6). WHICHEVER R£UuI«ES THE HIGHEST FLL.X.-
MAXIMUM EUPOSJRE TIME <OAYS) FUR ANY CYCLE
CORE PO*ER LEVEL (WT) FOR SFCOND AND SUCCEED. CYCLES-
LIMIT lMt> AVER HEAVY METAL EXPOSURE (MtoT/METRIC TON» -
TERMINATING CYCLF
DESIREO ENO-OF-CYCLE MULTIPLICATION FACTOR
OESIRED ENO-OF-CYCLE FRACTION NEUTRON LOSS IN
CONTROL ABSORBER
DEPLETION TIME (OAYS) FOR FIRST TIME STEP OF FIRST -
CYCLE
SAME AS DD U ? ) HUT FOR SECOND TIME STEP
SAKE AS 00(13) HUT FOR RFHAINOtR OF TIME STEPS
SAME AS 0UJ12) BUT FOR REHAINOER OF CYCLES
5AHE AS 00(13) BUT FOR RtMAINuER OF CYCLES
SAI-E AS Di)tU> BUT FOR REMAINDER OF CYCLES
.M/0=PK!N1 NUCLIOE DENSITIES isY ZONE EVERY NTH

TIME STEP/NO
SAME A3 IEDT(l) BUT BY SUbZONE
N/O=PKlNT GROSS REACTION K A T E S IN tNDIVIOUAL

NuCLIOEa EVEPY NTH TIME STEP/NO
N/O=P«INT REACTION RATES IN INUIV1DUAL NUCLIDES RY -

ZONE EVERY NTH TIME STEP/NO
N / Q = P K 1 N T ZONE-AVERAGE I-LUX &Y GROUP EVERY NTH TIME -

STEP/NO
M/O=PKINT ZONE-AVERAGE POWER DENSITIES EVERY NTH

TIME STEP/NO
N / O = P K I N T DECAY ACTIVITY BY NUCLIOE F.V.ERY NTH

TIME STEP/NO
1/O=PHINT EUI1 INFORMATION USEFUL IN DEBUGGING FOR -

EACH CYCLE/NO
l/C^PRINT CROSS SECTIONS EXTRACTED FROM MULTIGPP

FiLE/NO
1/O=PRINT START-OF-CYCLE ZONt NUCLIOE UENSITIES'NO -
1/C=»JR1NT ENO-OF-CYCLE NUCLIOE DENSITIES BY SUBZONE -

/NO
1/O=PKINT END-UF-CYCLE FIbSILt LOAC'NGS/NO
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CR
C
CC
C
CL
C
CL
C
CO
CO
CO
CO
CO
CO
CO
CO
CO
CO
CD
CO
CO
CO
CO
C

20NF. CLASSIFICATION DATA

IF

NZSiT
m

(NF (H) «NL IN) .NSUBZ (N) .NZCL(N) <NDPL<N) «ZA(N> tZB(N) »N=1 .N2SET)

N7SET NJMBfcR OF ZONE SFTS. ZONES IN EACH SEI HAVE THE
SAME NUMBER OF SUBZONES* BELONG TO THE SAME ZONE
CLASS. AND ARE ALL tlTHEW DEPLETING OR NONDEPLETING.-

NF(N) FJRST ZONE NUMBER (OF A CONSECUTIVE SET) IN S£T N
NL<N) LAST ZONE NUMBER (OF A CONSECUTIVE SET) IN SET N
NSUBZ(N) NUMBER <LE.«*> OF SUSZONES IN EACH ZONE OF SET N.

IF NSUBZ(N).GT.l. SUBZONE NUCLIDE CONCENTRATIONS
MOST teE SPtCIFlEH.

NZCHN) A ktFtrttNCE NUMBFR (LE.25> IDENTIFYING THE ZONE
CLASS.

NOPL(N) -1/0=ZONE SET N CONTAINS NONOEPLETING/DEPLETING
ZONES. CHAIN tdUATIONS A«£ NOT SOLVED FOR NON-
DEPLE1ING ZONES.

ZA(N) FIRST wOHO (b CHARACTERS) OF ZONE CLASS NAME
ZR(N) SECOND WORD (6 CHARACTERS) OF ZONE CLASS NAME

o
CR
C
CC
C
CL
C
CL
C
CL
C
CD
CD
CD
CD
CD
CD
CD
C
C

FISSION YIELD DATA

READ IF IPD(S).E(i.I

JNt.NFIPRO

(NNOF(I)tI=l.JNO)

(Nl<J)»(YLD(I.J)«I=1«JNQ).J=1.NFIPRO)

JN» TOTAL NUMaEW 0^ NUCLIDES THAT PRODUCE FISSION PRODS
NFIPWO TOTAL NUMBER OF FISSION-PRODUCT NUCLIDES
NNOF(I) REFERENCE I.D. NUMBERS OF NUCLIDES THAT PRODUCE

FISSION PRODUCTS
N K J ) REFERENCE I.D. NUMBER OF FISSION PRODUCT J
YLD(I.J) YIELO fPER FISSION) OF FISSION PRODUCT Nl(J)

FROM FISSIONABLE NuCUDE NNOF < 1)

c
CR
C
CC
C
CL
C
CL
C
CL
C
CO
CD
CD
CD
CD
CD
CD
CD
CD
CP
CD
CD

NUCLIOE CHAIN SPECIFICATIONS

READ IF IRO(o).EQ.l

NC

( L C t N ) . N = 1 » N C >

( < ( I D ( I t > N . ) * N T Y P t U « N ) « I = l « I l > t I D U 2 t N ) I . N = 1 . N C )

MC TOTAL r»UMHEW ( 6 E . l . A N O . L E , , 1 0 0 ) OF CLAIMS TO 8E
SBECIHEO

LC(N) LENGTH OF CHAIN N. CHAIN LENGTH IS NORMALLY EQUAL
TO 2*NONUC(N)-1 WHERE NONuC<N) Is ThE NUMBER OF
NJCLIUES IN CHAIM N.

mtltN) WEFE^tNCt l.D. NUMBER F0»< ITH NUCLIDE IN CHAIN N
NTYPECI.M) TYPF OF THANSITION FROM ITH 10 (I»1)TH NUCLIOE IM

CHAIN !x.
-1=OECAY
1 = T0TAL Crtl'TUHE
<>=NibAMHA
J=N«ALPHA
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CD
CD
CU
CD
CD
CD
CD
CD
CD
C
CC
CC
CC
CC
CC
CC
C

S=NiP
d=NONDEPLETI0N—RESERVED rOH ONE-NUCLIDE CH'.IN

INDICATING THE NUCLIDE CAPTUWES bACK TO
ITSELF.

-J=HARTS PtK 100.000 FISSION TREATED AS CAPTURE
IU = P A R T S PtK 1.000*000 TOTAL CAPTURE

I1=NONUC(N>-1

SFCONRAPY SOURCE ROUTtS TO NUCL1DES MUST BE INDICATED FOR CORRECT
CALCULATIONS. A SEPARATE CHAIN DESCRIPTION IS REQUIRED FOR
SECONDARY ROUTES AND SECONDARY-ROUTE CHAINS ARE FLAUGEU BY
ADDING 200.000 TO ALL NUCLIUE I.D. NUMBERS IN THE CHAIN.
FOP A NONDEPLETING ONfc-NUCLIOF CHAIN* THE CHAIN CONTAINS ONLY
THE TWO ENTRIES IDUt.M) AND NTYPE(i»N)=8 WI1H LC(N)=2.

c

CR
C
CC
CC
C
CL
C
C
CL
CL
C
CL
C
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
C
CC
CC
CC
CC
CC
C
c

CEOF

SUBZONE "JUCLIOE CONCENTRATIONS

READ IF IkD<7>.LU.l.AND.NSUBZ(N).&T.1 FOR ANY N (SEE ZONE -
CLASSIFICATION DATA).

IFLG.NZSET

DO S N=l.NZSET
READ(M) MF(N) .vll_ (N> ^tAD IF IFLG.LQ.l
READ(M) (NUCL(I.N).I=1»NSU6Z(N)> READ IF IFLG.EGl.l
DO 5 I=1.NSUBZ(M
REAO(M) ( I B ( J . I . N ) . C ( J . I e N ) . J = 1 « N U C L < I . N ) ) READ I f IFLG.ECI.l -

IFLG l/0=PkUCE£D WITH REMAINDER OF iNPUT/SUbZONE CONCENTR-
AUONS ARE SFT EQUAL TO ZOIME CONCENTRATIONS IN -
ZONEDENS FILE AND REMAINING INPUT IS NOT READ. -

NZSET TOTAL NUMBER Of ZONE SETS. ZONES IN EACH SET MUST -
HAVE THE SAME NUMBER OF SUBZONES AND THE SAME SUR- -
ZONE CONCENTRATIONS. NOT USED IF IFLG.EG.0

MF<N) FIRST ZONE NUMBER (OF A CONSECUTIVE SET) IN SET N
ML IN) LAST ZONE NUMBER (OF A CONSECUTIVE SET) IN SET fJ
NUCLUtN) TOTAL NUMBER OF NUCLIDES IN 1TH SUBZONE OF ZONFS IN -

SET N
NSUBZ(N) N J M B E K OF SUBZONES IN EACH ZONL OF ZONE SET N

(MUST AGREE WITH DATA GIVEN IN ZONE CLASSIFICATION) -
IP(J.I.N) R£FE«tNCE I.D. NUMBER OF JTH NUCLIDE IN SU8Z0NE I

OF ZONE SET N
CIJtI.N) ATOM DENSITY (10»»24 ATOMS/CO OF JTH NUCLIDE IN

SUbZONE I OF ZONE SET M.

IF SURZONE CONCENTkATIONS ARE READ* A NEW ZONEDENS FILE IS
WRITTEN USING ZONE-AVERAGE CONCENTRATIONS COMPUTED FROM THE
SUBZONF CONCENTRATIONS. THE ZONE-AVERAGE CONCENTRATION OF ANY
NUCLIOE TS THF; SUM of THE SUB70NE CONCENTRATIONS DIVIDED BY THE -
NUMBER OF SUBZONES.



C
CF DAC INPT
CE DAC CODE-DEFfcNDENT IN^UT DATA FILt
C

c —
CR RECORD CONTROL
C
CC HEAD IF IKEAD(16).EQ.3
C
CL (IRD(J>»J=I»3>
C
CD IRO(J) READ KEICOKO J FROM CARDS U/0 = YES/NO>. IF IREADO6)
CD .EQ.1» ALL THE 1PD(J) ARE SET INTERNALLY TO 1. TF
CD I8EADU6) IS Et,UAL TO 2 OR <M OMIT ALL CARD INPUT
CD FOR THE DAC INPT FILE.
CD IREAD<16! SEE CARD INPUT FILE CONTROLS.
C

c

c —
CR CONTROL PARAMETERS
C
CC READ IF IROU).£C.l
C
CL ITP.ID1»MAXLP»MAXLD.NFI»NCA;>
C
CD ITP CROSS SECTION CONTROL (1/2=R£AD REFERENCE MULTIGRP FILE
CD ONLY/READ BOTH REFERENCE AND P E R T U R M E D MULTIGftP FILES).
CD ID1 FL'JX CONTROL (1/O=USE ANGULAR FLUXES/SCALAR FLUXES AND
CD CURRENTS).
CD MAXLP MAXIMUM NUMBER OF GKOUPS TO WHICH TrlERE CAN BE UPSCATTER
CD MAXLD MAXIMUM NUMBEK OF GKOUPS TO WHICH THERE CAN BE
CD D O W N S C A T T E K

CD NFI NUM8ER OF F:SSIONA3Lt" ISOTOPES
CD NCAS NUMBER OF f-ERTURQATION CASES TO BE PROCESSED
C

C
CR MESH M O D I F I E K S AND MESH MODIFIER NUMBERS
c
CC READ IF IEVT.EQ.^.AND.IRO(2).EQ.l
C
CL (XM(I)»I=I.IZ).(NXM(I),I=I,IM(
C
CL (YM(J)«J=1.JZ),(NYM(J)»J=1»JM) READ IF IA01.GT.1
C
CL (7M<K)»K=1,KZ).(NZM(K)»K=lfKM> REAU IF 1A01.GT.2
C
CD XM(I) MFSH MODIFIERS FOR 1ST DIMENSION
CD NXM(I) MESH MODIFIER NUMbEkS FOR 1ST DIMENSION. THESE NUMBERS
CD SPECIFY WHICH OF THE XM(I) ARE TO Bt USED IN EACH
CD INTERVAL.
CD YM(J) MESH MODIFIERb FOR 2NO DIMENSION
CD NYM(J) MESH MODIFIER NUMBERS FOR ZNQ DIMENSION
CD ZM(K) MFSH MODIFIERS FOR JRD DIMENSION
CO NZM(K) MfSH MOOIFlffi NUMBERS FOR 3RO DIMENSION
CD IZ.JZ.KZ,IM,.JM,KM, . IAOU AND IEVT DEFINED IN ADMNSTR.
C
C
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CR
C
CC
C
CC
C
CL

CL
C
CL.
CL
C
CL
C
CD
CD
CO
CD
CD
CD
CD
CD
CD
CD
C

c
CEOF

PERTURBATION CASE DATA

READ IF NCAS.dT.O.ANO.IRO(3).EQ.1

DO 5 N=1.NICAS

ITPP.NPM.NP*

U (MPAd.J.K) ,I = 1»1M).J=1»JM) »K = 1»KM) READ IF NPM.GT.O

<MPZ(I>,I=1»NPR>,<MP(I)»I=1,NPM),(MPC(I),1=1»NPM>,
(XDE(I)»I=1'NPM) READ IF NPM.GT.O

(XDEP(I)»I=1»NPM)

ITPP

HEAD IF NPM.GT.0.AND.ITPP.NE.2

TYPE PEHTUKBATION <l/2/3=DENSITY/CR0SS SECTION/BOTH)
SET ITPV.oT.l ONLY IF ITP.EG.2

NPM NUMbER OF PERTURBATION MIXTURE SPECIFICATIONS
NPR NU«hER OF PERTURBATION ZONES (NHR.GT.O IF NPM.GT.O)
MPAU»J*K) PERTUKbATION ZONE NUMBERS BY INTERVAL
MPZ(I) PERTURBATION MATERIAL NUMBERS BY ZONE
MP(I) PERTURBATION MIX NUMBERS
MPC(I) PERTURBATION MIA COMMANDS
XDE(I) PERTURBATION MIA DENSITIES
XOEP(I) PERTURBED Ml/ DENSITIES

c
CF FILE AND RECORD PRINT CONTROLS
C

c—
CR
|~CL

CD
CD
CD
f-

L
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CO
CD
C

FILE PRINT

IPRIN(I)»I=

IPRIN

I

CONTROLS

1.16

=1, SKIP FILE
=2. PRINT ENTIRE FILE
=J. PRINT SELECTEO RECORDS I

=1. ADMNSTR FILE
=2. SN CONS FILE
=3. 1NTOUANT FILE
=<»» GEO DIST FILE
=bt MIX DATA FILE
=6. GRP FLUX FILE. REGULAR
= 7. GRP FLUX FILE. ADJOINT
=H, MULTIORP FILE. REFERENCE
=-J. MULTIORP FILE, PERTURBEO
=10. ZONE DFNS FILE
=11, ETX INPT FILE
=12. ODX INPT FILE
=13. ANI INPT FILE
=14, DOT INPT FILE
=1S. CLB INPT FILE
=lb, DAC INPT FILE

FILE
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c — _ .
CR ADMNSTR FILE RECORD PRINTING CONTROLS
C
CC NO RECORD CONTROLS - PRINT ENTIRE FILE IF IPRIN(l) = 2 OR = 3
C

CP SN CONS FILE RECORD PRINTING CONTROLS
C
CC NO RECORD CONTROLS - PRINT tNTIRE FILE IF IPrtIN<2> = 2 OR = 3
C

CR INTOUANT FILE SECOKD PRINTING CONTROLS HEAD IF IPRINO) = 3
C
CL IPR(I).I=1»3
C
CD IPP(I) PulNT RECORO It 1=YES» 0=NO
C
CD I =1» DERIVED CONSTANTS
CD =2» ZONE AVERAGED FLUXES
CD =3. ZONE VOLUMES
C

C . -.
CR GEO DIST FILE RECORD PRINTING CONTROLS HEAD ?F IPKINU) = 3
C
CL IPR(I) *I = lt<f
C
CD IPR(I) PRINT RECORO I» 1=YES» 0=NO
C
CD I =1» BOUNDARItS
CD =2t MATERIAL NUMBERS
CO =3» ZONE NUMBERS
CD =»i BUCKLING
C

CR MIX DATA FILE RECORD PRINTING CONTROLS RtAO IF IPHINC5) = 3
C
CL IPR(I).l=lt^
C
CO IPR(I) PRINT RECORD I, 1=YES. 0=NO
C
CD I =1* MIX NUMBERS
CD =2» MIX COMMAND
CD =3» MIX DENSITIES
CD =4. ISOTOPE NUMBERS
C
C .

c
CR REGULAR GRP FLUX FILE RECORU PRINTING CUNTROLS
CR READ IF IPC?IN(b) = 3
C
CL IPP(I) ..1 = 1.3
C
CD IPR(I) PRINT KECORD I» 1=YES» 0=NO
C
CD I =1» TOTAL FLUX
CD -^f CURRENTS
CD =3. ANGULAR FLUX
C

c
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c .... .
CR ABJOINT GRP FLUX FILE RECOrtO PRINTING CONTROLS
CP RffAO IF IPRIN(7i = 3
C
CL IPP. (I) .1 = 1 *3
C
CD IPR(I) PRINT RECORD !• 1=YES. 0=NO
C
CD I =1» TOTAL FLUX
CD =2* CURRENTS
CD =3. ANGULAR FLUX
C

c —........ .
c _
CR MULTIGRP FILE RECORD PRINTING CONTROLS READ IF IPRIN(8> =
C
CL IPR(I).1=1*13
C
CD IPR(I) PRINT RECORD I. 1=YES. 0=NO
C
CD I =1» FILE TITLE AND PARAMETERS
CD =2, ISOTOPE IDENTIFICATION
CD =3, GROUP STRUCTURE
CO =<». DELAYED NEUTRON DECAY CONSTANTS
CD =5. DELAYEO NEUTRON SPECTRUM
CD =6» DELAYED NEUTRON ABUNDANCES
CD =7t ISOTOPE PARAMETERS
CD =8. ISOTOPE FISSION SPECTRUM
CD =9. PRINCIPAL CROSS-StCTIONS
CD =10. INELASTIC SCATTERING CROSS-SECTIONS
CD =11. ELASTIC SCATTERING CROSS-SECTIONS
CD =12. N2N SCATTERING CROSS-SECTIONS
CD =13. BONDARENKO
C
C — . .

c . — .
CR PERTURBED MULTIGRP U L E RECORD PRINTING CONTROLS
CR READ IF IPR1N(S») = 3
C
CL IPR(I).1=1.13
C
CD IPR(I) PRINT RECORD RECORD It l=YESt 0~'M
C
CD I =1. FILE TITLE AND PARAMETERS
CD =2t ISOTOPE IDENTIFICATION
CD =3. GROUP STRUCTURE
CD =<•, DELAYED NEUTRON DECAY CONSTANTS
CD =5t DE.LAYEO NEUTRON SPECTRUM
CD =6. DELAYEO NEUTRON ABUNOANCES
CD =7, ISOTOPE PARAMETERS
CD =d, ISOTOPE! FISSION SPECTRUM
CD =*t PRINCIPAL CROSS-SECTIONS
CD =10. INELASTIC SCATTERING CROSS-SECTIONS
CD =11. ELASTIC SCATTERING CROSS-SECTIONS
CD =12. N2N SCATTERING CROSS-SECTIONS
CD = 1 3 . BONDAfJENKO DATA
C

CR ZONE DENSITIES FILfc RECORD PRINTING CONTROLS
C
CC NO RECORD CONTROLS, PRINT ENTIRE FILE IF ifHIN(lO) = 2 OR =3
C

58



CR ETXIN FILE RECORD PRINTING CONTROLS - READ IF IPRlKlll) = 3
C
CL IPRU)»I = 1»3
C
CD IPR(I) PRINT RfcCOtfO I, 1=YES« 0=NO
C
CD I =!• (JATA COMMON TO ALL ISOTOPES
CD =?» ISOTOPE DEPENDENT DATA
CD =J» LIBRARY UPDATE DATA
C
C .

c -——
CR OOXIN FILff RECORD PRINTING CONTROLS - READ IF IPR1NU2)
C
CL IPP<I)tl' = l»7
C
CD IPP(I) PRINT RECORD I. 1=YES» 0=NO
r
CD I =1» TITLE AND CONTROL PARAMETERS
CD =a» BUCKLING MODIFIERS
CD =3i FISSION FRACTIONS AND VELOCITIES
CD =4» ZONE MODIFIERS
CD =5, XSEC GROUP COLLAPSING DATA
CD =6, RESONANCE SHIELDING DATA
CD =7. MULTIORP FILE DATA
C

CP. ANIIN FILE RECORD PRINTING CONTROLS - MEAD IF 1PRINU3) = 3
C
CL IPR!I)»I=1.9
C
CD IPRU) PRINT RECORD I« 1=YES» O = NO
C
CD I =1« CONTROL PARAMETERS
CD =2. FIXED SOURCE
CD =3t FISSION GUESS
CD =4. RADIUS MODIFIERS
CD =5t DENSITY FACTORS
CD =6, ACTIVITY DATA
CD =7, DIFFUSION MARKERS
CD =ri. ALBEOO
CD =9, XSEC GROUP COLLAPSE DATA
C
C .

c . •

CR DOTIN FILE RECORD PRINTING CONTROLS - READ IF IPRINU4) = 3
C
CD IPP(I) PRINT RECORD I, 1=YES» 0=!MO
C
CD I =1» CONTROL PARAMETERS
CD =£• DISTRIBUTED FIXEO SOURCE
CD =3. FIXED BOUNDARY SOURCE
CD =4, ACTIVITY OATA
CD =5, /ONE rflDTH SEARCH PARAMETERS
CD =b« DIFFUSION MARKERS
C
c
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c __ .
CR CLP1N FILE RECORD PRINTING CONTROLS - READ IF IPR1NU5) = 3
C
CL IPR(I)»1=1»7

CD IPP(I) HrtlNT RECORD I. 1=YES= 0=NO
C
CD I =!• TITLE AND NEUTPONlCS SELECTION
CD = 2» INFTNITF MEDIUM DATA
C D =3. DEPLETION HISTORY AND EDITING OPTIONS
CD =<*•> ZONE CLASSIFICATION DATA
C 0 =b. FISSION YIELD DATA
rn =b, NUCLIOE CHAIN SPECIFICATIONS
CD = 7, SltBZONE NUCLIDE CONCENTRATIONS
C
c

C • —

CR DACIN FILE RECORD PRINTING CONTROLS - READ IF IPRINU6) = 3

C
CL IPR(I)tI=l»3
C
CD IPR(I) PRINT RECORD It 1=YES» 0=NO
C
CD I =1» CONTROL PARAMETERS

C D =2, MESH MODIFIERS AND MESH MODIFiEK NUMBERS

C D =3t PERTURBATION CASE DATA
C
c

CEOF

C
Cf CARD INPUT FOR INTERFACED MC»«2 CODE
C
CN THE LIST FOR EACH -iECORD IS GIVEN IN TERMS OF THE BCD FORMAT Of
CN THE DATA CARD. COLUMNS i-d ALWAYS CONTAIN THE CARD TYPE NUMBER.
C

CR PROBLEM TITLE
C
CC CARD TYF-E 01 MUST ALWAYS 8E PRESENT
C
CL FQRMAT<I?»<tX.9A8>
C
CD COLUMNS CONTENTS

CD 1-8 01
CD 7-78 ANY ALPHANUMERIC CHARACTERS
C
C >

c
CR POINTH CONTAINER ARRAY SPECIFICATIONS
C
CC CARD TYPE 02 15 OPTIONAL
C
CL F0RMATU?»4X,3I6>
C
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cuCD
CD
CD
CD
CD
CD
CD
CD
C

COLUMNS
=======
1-2
19-24

CONTENTS
n = = = = = = = = = = = = = = = = === = = = = = =- = = = --
02
PRINT OPTION FLAG FOR CONTAINER ArfRAY. TYPICALLY 0.
DEFAJLT=0.
0=NO TRACE OR DUMPS
1=DUMPS ONLY
2=TRACE ONLY
3=T»ACE AND DUMPS

CR GENERAL PROBLEM SPECIFICATIONS
C
CC CARD TYPE 03 MUST ALdAVS BE PRESENT
C
CL F O R M A T U 2 » 1 0 X » 6 I 6 » L 1 2 . 5 » I 6 >

C
CD COLUMNS CONTENTS
CD ======= ============================================B==s=====K=—
CD 1-? 03
CO 13-1B FUNDAMENTAL MODE TYPE
CD 1=P1
CD 2=CONSISTENT Bl FOR ISOTROPIC NEUTRONICS
CD 3=C0NSISTENT PI FOK ISOTROPIC NEUTRONICS
CD 4=CONSISTENT 81 FOR ANISOTHOPIC NEUTRONICS
CD 5=CONSISTENT PI FOP ANISOTHOPIC NEUTRONICS
CO 19-24 FUEL PIN GEOMETRY (1/2=SLAB/CYLINDER>
CD 25-30 LIBRARY IDENTIFICATION NUMBER OF ISOTOPE TO BE USED AS -
CD FISSION SOURCE.
CD 31-36 O/1=CALCULATE BROAD GROUP CROSS SECTIONS/NO
CD 37-42 O/1=ALL FINE GROUP PROeLEM/ULTRAFlNE GROUP PROBLEM
CD 43-48 FINE GROUP WEIGHTIiMG SPECTRUM OPTION
CD 1=1/E SPECTRUM
CD 2=CONSTANT SPECTrtUM
CD 3=E SPECTRUM
CD 49-60 FINE GROUP LETHARGY WIDTH. TYPICALLY 0»25. MUST BE
CD ONE OF THE VALUES LISTED BELOW. THE CORRESPONDING
CD NUMBER N OF ULTRAFINE GROUPS PER FINE GROUP IS ALSO
CD GIVEN FOK EACH LETHARGY WIDTH.
CD LETHARGY WIDTH N
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD 61-66
CD
CD
CD
C

CR BROAD (iHOUP S P t C I f ICAT IONS
C
CC CARD TYPE 04 MUST ALWAYS BE PRESENT
C
CL FOPMATU?.1UX,3(I6.E12.5) )

8.33333E-3
1.66667E-3
2.SO0OOE-2
3.33333E-2
4.16667E-2
5.00000E-2
P.33333E-2
1.00000E-1
1.25000E-1
1.66667E-1
2.50000E-1
5t.00000E-l
CALCULATION PATH OPTION
1=COMPLETE MC**2 PROBLEM
2=CALCULATE PESOLVED AND
SECTIONS ONLY

1
2
3
'+
5
6
10
12
15
20
30
60

UNRESOLVED RESONANCE CROSS
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CD
CD
CD
CD
CD
CD
CD
CD
CD
C
CC
CC
C

COLUMNS

1-2
13-lB
19-30
31-36
37-48
<Vg-54
5^-66

CONTENTS

04
BROAD GROUP NUMBER
UPPER ENtHGf OF GKOUP <EV)
BROAD GROUP NUMBER
UPPER ENERGY OF GROUP <EV)
BROAO GRbuP NUMBER
UPPER ENERGY OF GROUP (EV)

AS MANY TYPE 04 CARDS ARE USED AS ARE NECESSARY TO SPCCIFY THE
ENERGY BOUNDARIES. GROUP 1 IS THE GROUP OF HIGHEST ENERGY.

C —
CR
C
CC
/"\*
CL
C
CD
CO
CD
CD
CD
CD
CD
CD
CO
CD
C
CC
C
c—

FUEL PIN SPECIFICATIONS

CARD TYPE 05 IS OPTIONAL

FORMAT(I2»IOX,2E12.5>

COLUMNS CONTENTS

1-2 05
13-24 RAOIUS OF FUEL PIN IF COLS. J9-24 ON CARD TYPE 03 E»UAL-

2» HALF THICKNESS OF FUEL SLAB IF COLS. 19-24 ON CARD -
TK."C 03 EQUAL 1.

2S-36 RADIUS OF OUTER CLAO-COOLANT REGIUN IF COLS. 19-24 ON -
CARD TYPE 03 EQUAL 2. OUTER BOUND OF CLAO-COOLANT
REGION RELATIVE TO CENTER OF FUEL SLAB IF COLS.19-24
ON CARD TYPE 03 EQUAL 1.

CARD TYPE 05 IS PERTINENT ONLY FOR A HETEROGENEOUS PROBLEM.

C—-
CR
C
CC
C
CL
C
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
Cf)
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
C
CC
CC
C
C —

PROBLEM COMPOSITION SPECIFICATIONS

CARD TYPE 06 MUST ALWAYS BE PRESENT

FORMAT<!2»4Xt2A6.16.4E12.5)

COLUMNS CONTENTS

1-2 06
7-12 NUCLIDE IDENTIFICATION LABEL ON LIBRARY. LABEL MUST

BE LEFT JUSTIFIED IN FORMAT FIELD WITH IMBEDDED BLANKS -
PRESERVED.

13-18 ISOTOPE NAME. THIS NAME CAN BE ANY ALIAS NAME USER
WISHES.

19-24 I.EGEMDRE TREATMENT SPECIFICATIONS
0=NON-LF.GEND«E TRtATMENT OF ELASTIC SCATTERING
1=ELASTIC SCATTERING FOR NUCLIDE USES THE LEGF.NDRE
TREATMENT.

25-36 NUCLIDE CONCENTRATION USED TO COMPUTE HOMOGENIZED
MACROSCOPIC CROSS SECTIONS FOR USE IN THE FUNDAMENTAL -
MOOE CALCULATION (AT0MS/CC*E-24) .

37-48 NUCLIDE TEMPERATURE (DEGREES K).
49-60 NUCLIDE CONCENTRATION IN THE FUEL PIN <ATOMS/CC*E 24). -

IF BLANK. THE VALUES GIVEN IN COLS. 25-36 WILL BE USED -
PROVIDED ALL 06 CARDS USED ARE BLANK IN COLS. 49-60.

61-72 NUCLIDE CONCENTRATION IN THE CLAO-COOLANT CUTER REGION -
(ATOMS/CC»t-<?4> . IGNORED IF CARD TYPE 05 IS NOT
SUPPLIED.

AS MANY TYPE 06 CAhiOS ARE USED AS ARE NECESSARY TO SPECIFY THE"
COMPOSITION.
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c
CR FUNDAMENTAL MODE ITERATION SPEC]KICATIONS
C
CC CARD TfPE 07 IS OPTIONAL
C
CL FORMAT<I?»10X.3ei?.5>
C
CD COLUMNS CONTENTS
CD 1-2 07
CD 13-24 FIRST GUESS FOR SUCKLING <1/CM*»2)
CO 23-3b SECOMD GUESS FOR BUCKLING <l/CM*n»2)
CD 37-48 CONVERGENCE CRITERION (EPS) FOR KEFF I.E. ABS(KEFF-l). -
CO LE.EPS.
C
CC IF EPS=O.O» FIRST BUCKLING GUFSS IS USED ANU NO ITERATION IS
CC PERFORMED.
C
c , ~
c—
Cp THERMAL CROSS SECTION DATA
C
CC CARD TYPE 08 IS OPTIONAL
C
CL FORMAT(I2.10X.A6.e>K»4E12.S)
C
CD COLUMNS CONTCUS
CD 1 -2 08
CD 13-18 NUCLIDE IOENTKFICATION i_AflEL
CD 25-36 MICROSCOPIC THERMAL GROUP CAPTURE CROSS SECTION <BARNS>-
CD 37-48 MICROSCOPIC THERMAL GROUP FISSION CROSS SECTION (BARNS)-
CD 49-60 NUM8ER Of NEUTRONS FMITTED PER FISSION IN THE THERMAL -
CD GROUP
CD 61-72 MICROSCOPIC THERMAL GROUP TRANSPORT CROSS SECTION
CD (BARNS).
C
CC AS MANY TYPE 08 CARDS ARE USED AS ARE NECESSARY TO SPECIFY THE
CC THERMAL CROSS SECTIONS FOR THE iMUCLIDES IN THE PROBLEM.
C
C .—

CR THERMAL CROSS SECTION DATA
C
CC CARD TYPE 09 IS OPTIONAL
C
CL FORMAT(I2»1OX»A6»6X»2E12.5)
C
CD COLUMNS CONTENTS

CD 1-2 09
CD 13-18 NUCLIDE IDENTIFICATION LABEL
CD 25-36 MICROSCOPIC THERMAL N-ALPHA CROSS SECTION (BARNS).
CD 37-48 MICROSCOPIC THERMAL N-P CROSS SECTION (BARNS).
C
CC AS MANY TYPE 09 CARDS ARE USED AS ARE NECESSARV TO SPECIFY THE
CC THERMAL CROSS SECTIONS FOR THE WJCLIDES IN THE PROBLEM.
C
C---—-—--——--------•--—----—""---—---——----------—-—"•—-———————--

c •

CR WEIGHTING SPtCTKUM DATA
C
CC CARD TYPE 10 IS OPTIONAL
C
CL ' FORMATU?.10X,3 ( I 6 . E 1 2 . 5 ) )
C
CD COLUMNS CONTENTS
C D = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = • • = = = = = = = • - = = - - = = = = = = = = = = = = = -
CD 1-2 10
CD 13-18 FINE GROUP NUMBER
CD 19-30 FINE GROUP WEIGHTING SPECTRUM
CD 31-36 FINE CROUP NUMBER
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CD 37-48 FINE GROUP WEIGHTING SPECTRUM
CO 49-54 FINF GROUP NUMBER
CD S5-66 FINE GROUP WEIGHTING SPECTRUM
C
CC AS MANY TYPt 10 CAKbb ARE JbED AS ARE NECESSARY TO SPECIFy THE
CC WEIGHTING SPECTRUM.
C
C _,. _.

c
CR PRINT SELtCTlON OPTIONS
C
CC CAPO TYPE 11 IS OPTIONAL
C
CL FORMAT (I2.4X, 7 Ib)
C
CD COLUMNS CONTENTS
CO === ==== ::::::::::::::::»::s:3::s:::u::»:a:3:s::s::s::r::n.
CD 1-? 11
CO 7-12 IF NON-ZERO. EDIT AVERAGE MICROSCOPIC GROUP CROSS
CO SECTIONS SUMMED OVER ALL CONTRIBUTING RESONANCES IN THE-
CD RESOLVED RESONANCt REGION. ALSO EOIT POINT VALUES OF -
CD MICROSCOPIC CROSS SECTIONS AVERAGtO OVER PORTER-THOMAS -
CD DISTRIBUTIONS IN THE UNRESOLVED RtGION.
CD li-13 IF NON-ZF.RO. EDIT AVERAGE MICROSCOPIC GROUP CROSS
CD SECTIONS FOR EACH RFSONANCE IN THt RESOLVEO RESONANCE -
CD REGION.
CD 19-24 IF NON-ZtRO. EDIT MICROSCOPIC AVtKAGE FINE 6R0UF' CROSS -
CD SECTIONS COMPUTED FROM LINEAR-SEGMENT DATA.
CD 25-30 IF NON-ZERO. EDIT HOMOGENIZED MACROSCOPIC FINE GROUP
CD AND JLTRAFINE GROUP CROSS SECTIONS. ALSO EDIT FISSION -
CD SPECTRUM.
CD 31-36 IF NON-ZERO. EDIT FINE AND ULTRAFINE GROUP FLUXES FOR -
CD EACH BUCKLING ITERATION.
CD 37-42 IF NON-ZERO. EDIT ULTRAFINE GROUP MATERIAL MACROSCOPIC -
CD ELASTIC REMOVAL CROSS SECTIONS. ELASTIC TRANSPORT CROSS-
CO SECTIONS. AND ELASTIC TRANSFER CROSS SECTIONS.
CD 43-46 IF NON-ZERO. A COMPLETE EDIT OF THE MULTIGRP CROSS
CO SECTION J-'TA 3tT.
C
CC ALL DEFAULT VALUES *KE ZURO.
C
C

c
CR ADDITIONAL INFORMATION NEEDED fOR WRITING MULMGRP U L E
C
CC CARD TYPE 12 MUST ALWAYS BE PRESENT
C
CL F0R*AT<l?.4X.A&.3I6,3E12.5>
C
CD COLUMNS CONTENTS

CO 1-2 12
CO 7-12 NUCLIDE IDENTIFICATION LABEL ON LIBRARY.
CD 13-1? NUCLIDE IDENTIFICATION NUMBER ON MULTIGRP FILE.
CD 19-24 MATERIAL TYPE FLAG (0/l/2/3/4/5=UNDEFINED/'FISSILE/
CD FER7ILE/OTHER HEAVY MATERIAL/STRUCTURAL/FISSION
CD PRODUCT).
CD 25-30 NUCLIOE ATOMIC NUMBER
CD 31-42 DECAY CONSTANT FOP NUCLIDE (1/SEC).
CD 43-54 NUCLIDE USSION ENERGY (W-SEC/FISSION).
CD 5S-66 NUCLIDE CAPTURE ENERGY (W-SEC/tAPTURE).
C
CC A TYPE 12 CARD IS Rt^UIRLD FOR EACH NUCLIOE THAT IS SPECIFIED ON -
CC A TYPF 06 CARD.
C

CEOF
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APPENDIX C

FILE HANDLING

The logical unit n ..jers of the interface-

data files are assigned oy the codas that create

the files. These logical unit numbers are available

to the other codes through the COMMON array NFILES.

An input and an output version of a file can

exist concurrently. Logical unit numbers of input

files are stored in (NFILES(1),I-1,NSTD) and logi-

cal unit numbers of output files are stored in

(NFII.ES(NSTD+I),I-1,NSTD). NSTD is the number of

interface-data files. It is currently set equal to

16 in DRIVER and is transmitted to all the codes

through NFILES(100).

The values of I corresponding to the 16 inter-

face files are:

I
1

2

3

4

5

6

7

8

File

ADMNSTR

SN CONS

GEO DIST

GRP FLXS

INTQUANT

MIX DATA

MULTIGRP

Z0NEOENS

I
9

10

11

12

13

14

15

16

I'ile

ADJ F'JCS

PERTMTGP

ETX INPT

ODX INPT

ANI DIPT

DOT INPT

CLB INPT

DAC INPT

Logical unit numbers for output files are assigned

by

i f

or by

if

NFILES(NSTD+I)-NSCT+NSTD+I

NFILES(I).LE.NSCT+NSTD

NtflLES(fcSTD+I)=NSCT+I

NFILES(I).GT.NSCT+NSTD ,

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 neKt code in the path, NFILES(I)

is set equal to MFILES(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(1)-51 is to be modified

by the IN? module. The output ADMNSTR file is

then written on logical unit NFILES (17)»67, and

NFILES(1) is set equal to 67. However, if tha input

ADMNSTR file is on logical unit NFILES(l)-67, the

output file is written on NFILES(17)-51, and

NFILES(1) is set equal to 51.

When an FL1 call is made to copy interface

files from disk to magnetic tape, (NFILES(I),1-1,

NSTD) is written as the first record on the tape.

This is followed by the current versions of the in-

terface files, i.e., those on logical units

NFILES(I),I-l.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 files.

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

user to specific logical units by control cards.

Because dynamic buffer allocation is not a

built-in feature of the CDC 6600, a scheme was de-

veloped to rotate a few buffers among the many files

used by the codes. This scheme involves the use of

a COMPASS language routine, BUFOPEN. Whenever a

buffer is to be assigned to a particular file, a

call is made to

BUF0PEN(I,FNAME,BUF.L) .

This routine initializes the circular buffer

parameters (CBP) for file FNAME where FNAME is a

seven-character Hollerith name (7HTAPE1~~,7HTAPE2,^,

...,7HTAPE99,O. The CBP are the first five words of

the file environment table (FET), which occupies the

first 17 words of the buffer area.. The remainder of

the buffer area is used to transmit data between

core and the file. I is the relative location in

core cf 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 i n t e r - sequence of calculat ions from f i l e s saved in a

faced codes are discussed in th i s Appendix. These previous run.

problems i l l u s t r a t e the card input required for the Sample Problem 1. The f i r s t sample problem

creat ion and modification of in terface f i l e s , p r i n t - shows how ETOX could be used to update an isotope

ing of f i l e s , execution of ca lcula t ional codes in in an exis t ing ETOX l i b r a r y . Card input for t h i s

some typica l sequences, and continuation of a sample problem i s shown below.

CARD INPUT FOR SAMPLE PROBLEM 1

3 T NUMBER OF PATH ELEMENTS ORIVER01
•INP PRN ETX* T PATH DRIVER02
R10<4> 1 R5»4) T CAHO INPUT FILE CONTROLS INPCNT01
1 203 26 11 T DATA COMMON TO ALL ISOTOPES TO BE PROCESSED ETXINP01
2.26*1 3.727*1 6.144*1 1.013*2 1.67*2 2.754*2 4.54*2 7.485*2 1.234*3 ETXINP02
2.035*3 3.355*3 5.531*3 9,119*3 1.503*4 2.«79*4 4.087*4 6.738*4 ETXINP03
1.111*5 1.832*5 3.02*5 4.979*5 B.208*5 1.353*6 2.231*6 3.679*6 ETXINP04
6.065*6 1.0*7 T ENERGY BOUNDARIES ETXINP05
* FE IN 26 GROUP STRUCTURE FOR UPDATED ETOX LIBRARY »ETXINP06
•FE» i l 2 2 1 3 0 T ISOTOPE-DEPENDENT DATM ETXINP07
1.0*5 1.0 2.6*6 1.4*6 0.1 0.1 0.5 1.0-3 3.0*2 5.0 5.0*1 ETXINPOS
5.0*2 T ISOTOPE-DEPENDENT DATA 2 ETXINP09
1 3 3 1 1 3 3 T ETOX LIBRARY UPDATE DATA ETXINP10
Rl0( l> 2 R5U> T FILE PRINT CONTROLS PRNCNT01

DRIVER01 and DRIVER02 are the control input cards controls instruct INP to read the ETX INPT f i le from

for the DRIVER program. In this example, the num- cards ETXINP01 through ETXINP10 and to skip a l l the

ber of path elements i s three, and the path i s INP other interface f i l e s . Finally, PRNCNT01 instructs

PRN ETX. The next card, INPCNTOl, contains the the PRN module to print the ETX INPT f i l e (see below)

card input f i l e controls for the INP module. These and to skip a l l of the other interface f i l e s .

OUTPUT FROM PRN MODULE—SAMPLE PROBLEM 1

**ETOX INPUT FILE** FILE 61

COMMON FILE PARAMETERS
NISO NUMBER OF ISOTOPES 1
IDTAP ENOF/B DATA TAPE I . D . NUMBER ~ 203
NG NUMBER OF ENERGY GROUPS OF OUTPUT X-SCCTIONS 26
LN5 NUMBER OF DOWNSCATTERING GROUPS OUTPUT 11

GROUP ENERGY BOUNDS

I
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

BOUND
.22600E*02
.37270E*02
,61440E*02
.10130E+03
,16700E*03
.27540E*03
.«5400E*03
.74850E*03
,*2340E*04
,20350E*04
.33550E*04
•55310£*04
,91190E*04
•15030E*05
,24790E*05
•«0870E*05
•67380E*05
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18 ,*1110E*06
19 .t8320E*06
20 ,30200E*06
21 ,*9790E*06
22 ,82080E*06
23 .i3530E»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
NAMEI ISOTOPE NAME — FE
MATH ENDF/B ISOTOPE I.O. NUMBER — — 1122
NTEMP NUMBER OF TEMPERATURES OF SELF-SHIELD FACTORS 1
NSI60 NUMBER OF SIGO y/ALUES OF SELF-SHIELD FACTORS 3
LN6 1/OsCALCULATE AND PRINT FISSION FRACTIONS - 0
EMAXFF MAX ENERGr FOR SS FACTOR CALCULATIONS .10000E*06
EMINFF MIN ENERGY FOR SS FACTOR CALCULATIONS .10000E+01
EMN1EF MIN ENERGY WEIGHT SPECTftUM=FISSION SPECTRUM- .26000E*07
CFF FISSION SPECTRUM CONSTANT <EV> — ~ .14000E«07
DELMAX MAX FINE GROUP LETHARGY — — — — — — — .10000E«00
DELUMX MAX UNRESOLVED GROUP LETHARGY .10000E+00
ANFMPD NUMBER FINE-GP POINTS/ENDF/B SIGMA TOT POINTS .50000E*00
EPS R0M8ERG INTEGRATION ACCURACY PARAMETER .10000E-02

TEMPERATURES SIGMA ZERO
1 3.00000E+02 5.00000E*00
2 5.00000E+01
3 5.00000E*02

ETOX LIBRARY CONTROLS
NUP 1/0*PRODUCE UPDATED LIB OF ETOX X-SECTIONS/NO 1
NUP1 LIB SEQUENCE NO. OF 1ST ISOTOPE UPDATED 3
NUP2 LIB SEQUENCE NO. OF LAST ISOTOPE UPDATED — 3
NPR 'i/0=PRINT X-SECTIONS/NO — — 1
NPR1 LIB SEQUENCE NO. OF 1ST ISOTOPE PRINTED — 1
NPR2 LIB SEQUENCE NO. OF LAST ISOTOPE PRINTED — 3
NLAST TOTAL NO. Of ISOTOPES ON INPUT LIBRARY — 3

The input ETOX library and the ENDF/B tape are

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

isotopes in the order 235U, 238U, and Fe. Execu-

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

fi le 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. In 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 MUXTIGRP file containing

the three isotopes U, U, and Fe. As a check

on the group collapsing, the one-dimensional 1DX

calculation is repeated with the 4-group MULTIGRP

f i le .

Card input for this sample problem is shown on

the next page. The f i rs t two cards define the num-

ber of path elements (6) and the path (INP PRN ODX

INP ODX FL1) for the DRIVER program. The next card,

INPCNT01, contains the controls for the f i r s t ca l l

to INP. This card instructs the INP module to create

the ADMNSTR, GEO DIST, MIX DATA, and ODX INPT f i l e s

from cards and to skip the other interface f i l e s .

Cards for the four f i l es created by INP are ADMNST01

through ADMNST04, GEODIS01 through GEODIS04, MIXDAT01

through MIXDAT05, and ODXINP01 through ODXINP15 as

shown.

67



CARD INPUT FOR SAMPLE PROBLEM 2

10 1.0-4 1.0-3

6 T NUMBER OF PATH ELEMENTS
*INP PRN ODX INP ODX FL1» T PATH
1 R2<4) P2(l) R6(4) 1 R4(4) T CARD INPUT FILE CONTROLS

• BDMNSTR FILE FOR <?6-6H0UP 1DX CALCULATION »/ TITLE
1 R3(9) 4 R2<2) 50 HZ (1) -1 1 R2(0.0> 1.0-4 R5I0.0) 1
-1 1 1.0 5 8 0 3 R4<0> 0.0 26 0 30
0.5 K O 1.0-3 1.0 T ABMNSTR PARAMETERS
0.0 I?9<29.64> 119(6*.2) T MESH BOUNDARIES
4 5 T MATERIAL NUMBERS
R30U) R20(2) T ZONE NUMBERS
1.9579-3 T BUCKLING
R4<4) R4<5> T MIX NUMBERS
0 1 ? 3 0 1 2 3 T MIX COMMANDS
0.0 4;S67-3 3.4392-2 7.167-03 0.0 8 .9 -5 4 .0025-2 /
6.121-3 T MIX DENSITIES
1 2 3 T ISOTOPE NUMBERS

• 1DX 26-rROUP REGULAR PROBLEM USING ETOX LIBRARY TAPE
2 10 0 1 <) R2<4> 0 3 R3<0> T TITLE AND CONTROL PARAMETERS
R2U.0T T BUCKLING MODIFIERS
2.175-2 9.994-2 1 . '746-1 2.2688-1 1.8522-1 1.2228-1 7.085-2 3.789-2
1.93-2 9 .55-3 4 .64-3 2 .23-3 1.06-3 5.0-4 2 .4 -4 1.1-4 5 .0 -5 3 .0 -5 2 .0 -5 OOXINP05
R7(0.0> R26U.0 ) 1 FISSION FRACTIONS AND VELOCITIES ODX1NP06
R4(6> 1 2 3 R3ll> T DATA FOR XSEC GROUP COLLAPSING ODXINP07
1 1.0 fl 1 2 3 R4000.0> R4(0> R2b(0.5) T DATA FOR RESONANCE-SHIELD CALCODXINP08
6 »U-235» 233.02 0.0 3 .1-11 CO 27.0 94350 1 -1 «U-238» 236.0 0.0 ODXINP09
3.1-11 0.0 27.0 94380 2 - 1 «FE« 55.37 R3(0.0) 27.0 26558 4 0 T EXTRA ODXINP10
1.24-2 3 .05-2 0.111 0.301 1.14 3.01 T DELAY NEUT DECAY CONSTANTS ODXINP11
0.0 2.2258-4 R310.0) 1.4821-3 R3<0.0) 1.3341-3 RJ(O.O) 2.6784-3 R3 (O.0JODXIW12
7.8311-4 R3I0.0) 2.8569-4 R2<0.0> T OELAY NEUT YIELD SPECTRUM FOR U-23E0DXINP13
0.0 2.2258-4 R3(0.0) 1.4821-3 R3(0.0) 1.3341-3 R3(0.0) 2.6784-3 R3(0.0JODXINP14
7.8311*4 R3(0.0) 2.8569-4 R2(0.0> T DEiLAY NEUT YIELD SPECTRUM FOR U-23800XINP15
2 R 2 U * R2<2> R6I1) 2 R4( l ) T FILE PRINT CONTROLS PRNCNT01
3 RIO(4) 1 R4<4) T CARD INPUT FILE CONTROLS INPCNT02

• ADMNSTR FILE FOR 4-GROUP 1DX CALCULATION • S38 4 T ADMNSTS2
• 1DX 4-GROUP REGULAR PROBLEM USING MULTIGRP FROM PREVIOUS CALC »OOXIN 01

2 3 R4(O) 5 R5(0) T TITLE AND CONTROL PARAMETERS ODXIN 02
R2I1 .0* T BUCKLING MOOIFIERS ODXIN 03

DR1VER01
DR1VER02
INPCNT01
ADMNSTO1

R5<0)AOHNST02
1.0-2 AOMNST03

A0MNST04
GEODIS01
GE0DIS02
GEODIS03
GE0DIS04
MIXDAT01
HIXDAT02
MIXDAT03
MIXDAT04
MIXDAT05

•ODXINP01
ODXINP02
ODXINP03
ODXINP04

The next input card, PRNCNT01, Instructs the

PRN module to print the four f i l es created in the

preceding cal l to INP. This printed output i s

shown on the following pages. The next element in

the path, ODX, causes the 1BX code to be loaded and

executed. 1DX reads the four interface f i l es avai l -

able at this point and also the ETOX cross-section

l ibrary. The ETOX library i s expected on logical

unit 46, which i s the logical unit number for the

output l ibrary from the ETOX code. 1DX performs

the 26-group flux calculation and group collapse

specified by the interface-data f i l e s . New f i les

created by 1DX at this point are GRP FLXS and

INTQUAHT for the 26-group structure, MULTIGRP con-
23S 218

taining U, U, and Fe in the colUpsed and

resonance-shielded 4-group structure, and ZONEDENS.

Execution of the second cal l to INP sets up

the ADMNSTR and ODX INPT f i les for repetit ion of the

1DX flux calculation using the MULTIGRP f i l e created

in the previous ODX ca l l . Input card INPC"T02 in-

structs the I!iP module to overlay the existing

ADMNSTR f i l e with card ADMNSTR2 and to create a new

ODX INPT f i l e from cards ODXIN01 through 0DXIN03.

Note that only the t i t l e and parameter IGM are

changed in the ADMNSTR f i l e . Note also that the

input for the ODX INPT f i l e is considerably shorter

when cross sections- are read from the MULTIGRP f i l e

and no group collapsing is to be done.

In the second cal l to ODX, the 4-group flux cal-

culation i s performed by 1DX. New f i les created by

1DX at this point are GRP FLXS and INTQUANT for the

4-group structure. Finally, a l l the current in ter -

face f i l e s are copied onto a magnetic tape in the

cal l to FL1. The user must assign the tape to logi-

cal unit 50 by a control card. This tape i s used in

Sample Problem 3 to continue the calculations.
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OUTPUT FROM PKN MODULE—SAMPLE PROBLEM 2

"ADMINISTRATION FILE»» FILE 51

"ADMINISTRATION AND CONTROL PARAMETERS**

ADMNSTR FILE FOR 26-GROUP 1DX CALCULATION
IA01 l/2/3=DIMENSI0N 1
IA11 TYPE. 0=OIFFUSION» 1=TRANSPOHT 0
IAO2 THEORY. 0=REGULAW. 1=ADJOINT 0
IA03 ANISOTROPIC Sf'TTERING ORDER 0
IA04 ORDER OF SN APPROXIMATION 4
IGE Q/l/2/3/6/7/8/9/ll/12/13=GF.0METRY 2
IZM NUMBER OF ZONES 2
IM NUMBER OF 1ST DIMENSION INTERVALS 50
JM NUMBER OF 2ND DIMENSION INTERVALS 1
KM NUMBER OF 3RD DIMENSION INTERVALS 1
ISK NUMBER OF BUCKLING SETS -1
IEVT 0/l/2/3/<»/5/6 = EIGENVALUE TYPE 1
EV EIGENVALUE GUESS 0.
EVM EIGENVALUE MODIFIER 0.
EPS CONVERGENCE CRITERION .10000E-03
TEMPI UNDEFINED. 0.
TEMP2 UNDEFINED. Oc
TEMP3 UNDEFINED. 0.
TEMP4 UNDEFINED. 0.
TEMP5 UNDEFINED. 0.
IB01 -1/0/1/2/3/4 = Lt^T BORY CONOITION 1
IB02 -1/0/1/2/3/4 = RIGHT BDKY CONDITION 0
IB03 -1/0/1/2/3/4 = TOP BDPY CONDITION 0
IB04 -1/0/1/2/3/4 = BOTTOM BDRY CONDITION 0
IB05 -1/0/1/2/3/4 = FRONT BDRY CONDITION 0
IB06 -1/0/1/2/3/4 e BACK BDRY CONDITION 0
M07 0/1/2/3/4/5 = FLUX INPUT OPTION -—- -1
IFXT NEGATIVE SOURCE CMECK. 0=NO.i=YES — 1
SOI SOURCE NORMALIZATION FACTOR .10000E»01
MT NUMBER OF MATERIALS. — 5
M01 NUM3ER OF MATERIAL SPECIFICATIONS 8
MCR NUMBER OF ISOTOPE XS SETS FROM CARDS 0
MSF NUMBER OF ISOTOPE XS SETS FROM TAPE- 3
IZ NUMBER OF 1ST DIMENSION ZONE MORFYRS 0
JZ NUMBER OF 2ND DIMENSION ZONE MODFYRS 0
KZ NUMBER OF 3RD DIMENSION ZONE MODFYRS 0
IS02 PARAMETRIC EIGENVALUE TYPE 0
S03 PARAMETRIC EIGENVALUE. 0.
IGM NUMBER OF ENERGY GROUPS. 26
M06 0/1/2/3/4/5/6 = SOURCE INPUT OPTION- 0
ID05 MAXIMUM NUMBER OF OUTER ITERATIONS— 30
ID07 MAXIMUM NUMBER OF INNER ITERATIONS— 10
G05 NEUTRON BALANCE TEST. 0-NO«G05=LIM?T .10000E-03
G06 POINTWISE FLUX TEST. Q=NO.G06=LIMIT- .10000E-02
ALAL LAMDA LOWER LIMIT .10000E-01
ALAH LAMDA UPPER LIMIT .50000E*00
POD NEW PARAMETER MODIFIER — .10000E*01
EPSA CONV. CRITERION-CRIT. SEARCHES. .10GOOE-02
XFAC EXTRAPOLATION FACTOR. ,10000E*01
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"GEOMETRY AND MATERIAL DISTRIBUTIONS FILE«« FILE 53

BOUNDARIES
1ST DIMENSN

BOUNDARIES
1ST DIMENSN

1
2 9.
3 1.
4 2
5 3.
6 4
7 5.
8
9
tO 8.
11 9.
12 1
13 1.
14
15
16
17

7.

18 1.

88000E-01
97600E*00
96400E*00
95200E*00
94C00E*00
92800E+00
(6OOE+QO

90400E*00
89200E*00
88000E*00
08680E*01
18560E*01
28440E*01
,38320E*01
,4t,2OOE*Ol
,58080E*01
,67960E*01

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

.77840E*01

.87720E*01
•97600E*01
•07480E*01
,17360E»01
.27240E»01
.37120E»01
.47O00E*01
,56880E*01
,6676OE*O1
.76640E*01
.86520E*01
•96400E*01
,13680E*01
,3O96OE*O1
.48240E*01
.65520E*01

37
38
39
4 0
4 1
42
43
44
45
46
47
4 8
4 9
30
51

BOUNDARIES
1ST DIMENSN

4.00080E*01
4.17360E+01
4.34640E+01
4.51920E*01
4.69200E*01
4.86480E*01
5.03760E*01
5.21040E*01
5.38320E*01
5.55600E*01
5.72880E+01
5.90160E*01
6.07440E*01
6.24720E*01
6.42000E*01

MATERIAL NUMBERS

1
2

ZONE
1
2

MATERIAL NO.
4
5

ZONE NUMBERS

INTVL/2ONE
1
2
3
4
5
6
7
8
9

10
11
I?
13
14
15
16
17
18
19
20
21
22
23
2<*
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4 2
4 3
44
45
4 6
47
48
49
50

1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

GROUP AND ZONE INDEPENDENT BUCKLING= .19579E-02

70



••MIXTUPE DATA FILE** FILE 56

MIXTURE SPECIFICATIONS

1
2
3
4
5
6
7
8

MIX NUMBERS
4
4
4
4
5
5
5
5

ISOTOPE NUMBERS

MIX COMMAND
0
t,

2
3
0
I
2
3

ISOTOPE NO.
1 1
2 2
3 3

••ONEDX INPUT FILE** FILE 62

MIX DENSITY
0

4.56700E-03
3.43920E-02
7.16700E-03

0
8.90000E-05
4.00250£-02
6.12100E-03

TITLE ANO CONTROL PARAMETERS
1DX 26»GR0UP REGULAR PROBLEM USING ETOX LIBRARY TAPE

MAXT MAX RUNNING TIME <MIN> —
NXCM NUMBER OF DOWNSCATTER GROUPS - — — — » —
NPRT PRINT. 0/1/2S.NO X-SEC OR FL/NO IN X-SEC/FULL
NRCF NUMBER OF MIXES USED IN GENERATING X-SECTIONS
NIFF NO. SPECTRUM ITERATIONS-ELASTIC DOWNSCATTER -
MM01 NO. MIX SPECS-RESONANCE SHIELDED X-SECTIONS -
NCR NUMBER COLLAPSED GROUPS — — — — — — — —
NTR O/ISNORMALIZED/RECIPROCAL WGT. SIGMA TRANSPT
NFGM NUMBER COLLAPSED MATERIALS — —
IPUN O/1=PRINT COLLAPSED XSECS/NO
MULT1 O/1=READ MULTIGRP/READ PERTURBED MULTIGRP —
MULT2 O/1=WRITE MULTIGRP/WRITE PERTURBED MULTIGRP -

2
10
0
1
0
4
4
0
3
0
0
0

BUCKLING MODIFIERS

I
i
2

M O D I F I E R S
;IOOOOE+OI
;IGOOOE»OI

FISSION FRACTIONS

ROUP
I
2
3
4
5
6
7
B
9

10
11
12
13

FISSION
FRACTION

2.17500E-02
9.99400E-02
1.97460E-01
2.26880E-01
1.85220E-01
1.22280E-01
7.08500E-02 1
3.78900E-02 )
1.93000E>02 1
9.55000E-03 1
4.64000E-03 1
2.23000E-03 1
1.06000E-03 1

AND VELOCITIES

VELOCITY
1.000006*00
1.00000E*00
l.OO000E*OO
t.O0O00E«OO
1.00000E*00
l .00000E*00
.000006*00

U000Q0E«00
.000006*00
.000006*00
.000006*00
.000006*00
.000006*00

GROUP
14
«5
16
*7
18
19
20
Til
82
23
?4
25
26

FISSION
F-RACTION

5.00000E-04
2.40000E-04
1.I0000E-04
5.00000E-05
3.00000E-05
2.000006-05

0
0
0 )
0 1
0 J
0 1
0 1

VELOCITY
1.000006*00
i.oooooe*oo
l.00000£*00
1.00000E*00
l.00000E*00
I.O0OOOE*OO
I.OO0OOE*OO
l.OO->00E*OO
.OOOOOE*UO
.000006*00
.000006*1)0
.OOOOOE*00
.0OOO0E*OO
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XSEC COLLAPSING SPECIFICATIONS
INCLUDES NUMBER OF FINE GROUPS IN ITU BROAD GROUP.
I.D. NUMBER OF ITH MATERIAL TO BE COLLAPSED.AND
ZONE NOi OF FLUX FOR COLLAPSING ITH MATERIAL.

I NO.
1
2
3
4

FINE GRPS
6
6
6
6

MAT I.D.
1
2
3

ZONE NOS.
1
1
1

RESONANCE SHIELDING SPECIFICATIONS
INCLUDES ZONE NO. OF FLUXES FOR ELASTIC DOWNSCATTER ITERATIONS FOR ITH MIX.
ITH MIX HETEROGENEITY CONSTANT
MIX COMMANDS CONTAINING ABSOLUTE REFERENCES TO ISOTOPES USED IN FORMING RESONANT MIXTURES
tSEE 6NWL-954,UC-32>,
TEMPERATURES OF NUCLIDES IN MIX COMMANO TABLE.
0/1"KUEL/KODERATOR DESIGNATION FOR MIX COMMAND TABLE.
LETHARo* WIDTH BY GROUP

I ZONE NOS.
I I
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
SI
22
23
24
25
26

HET CONST MIX COMMAND
1.00000E*00 0

1
2
3

TEMPERATURE
3.
3.
3.
3.

OOOGOE*02
00000E*02
0OO00E»O2
00000E«02

FUEL/MOD
0
0
0
0

LETHARGY tfDTH
5.00000E-0!
5.00COOE-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-OI
D.OOOOOE-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
S.0OOO0E-01
5.00000E-0.1

5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-01
5.00000E-0I
5.00000E-01
5.00000E-01
5.00000E-01

DATA NEEDED FOR WRITING COLLAPSED MULTI6RP FILE
(SEE DESCRIPTION OF MULTIGRP FILE)

NFAM* 6

I ISOMK£
1U-23S
2U-238
3FE

AWR
.23302E*03
.23600E*03
.55370E»02

0.
0.
0.

DCA EFIS
.31000E-I0
.31002E-I0
0.

0.
0.
0.

ECAP TDC I2AS KBR ICHJ
,2?000E*O2 94350 1 -1
,27000E»02 94380 2 -1
»27000E*02 26558 4 0

DECAY CONSTANTS (I/SEC) BY DELAYED NEUTRON FAMILY
1 1.24000E-02
2 3.05000E-02
3 1.H0OOE-01
4 3.01000E-01
5 1.14000E*00
*> 3.01000f*00
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DELAYED NEUTRON SPECTRUM FOR U-235

PAMLY
1
2
3
4
5
6

GRP GRP 2
2.22580E-04
1.48210E-03
1.33410E-03
2.b7840E-03
7.83110E-04
2.85690E-04

GRP
0 .
0 .
t .
C.
0 .
0 .

3 GRP
0 .
0 .
0 .
0 .
0 .
0 .

DELAYED NEUTRON SPECTRUM FOR U-238

PAMLY
1
2
3
4
5
6

GRP
0 .
0 .
0 .
0 .
0 .
0*

i GRP 2
2.22580E-04
1.48210E-03
1.33410E-03
2.67840E-03
7.83UOE-04
2,85690E-04

GRP
0 .
0 .
0 .
0 .
0 .
0 .

3 GRP
0 .
0 .
0 .
0 .
0 .
0 .

Sample Problem 3. Some of the interface files

saved on magnetic tape in Sample Problem 2 are used

in ANISN to obtain regular and adjoint flux solu-

tions in S, approximation. The angular fluxes from

ANISN are then used in a DAC perturbation calcula-

tion. Card input for this sample problem is given

below. The first two cards, DRIVER01 and DRIVER02,

instruct the DRIVER program to execute the path

(FLO INP PRN ANI INP AMI DAC).

In the call to FLO, the interface file3 on the

magnetic tape are copied to separate disk files.

The user must assign the magnetic tape to logical

unit 49. The next input card, INPCNT01, instructs

the INP module to overlay the ADKNSTR file with in-

put card ADMNST01 and to create the SN CONS, ANI

INPT, and DAC INPT files from cards labeled SNCONS01

through SNCONS04, ANISN01 through ANISN03, and

DACINP01 through DACINP06, respectively. Note that

the only modification to the ADMNSTR file is in the

title aud in the diffusion/transport theory flag

OA11).

CARD INPUT FOR SAMPLE PROBLEM 3

7 T NUMBER OF PATH ELtMLNTS DRIVER01
»FL0 INP F«N ANI INP ANI DAC* T PATH DRIVER02
3 1 P10<4) 1 R2<4> 1 T INPUT FILE CONTROLS (FIRST INP CALL) INPCNT01
• ADHNSTk FILF FOH 4-GWJUP S4 ANISN CALCULATION • SI 1 T ADMNST01
-0.471405 -0.333J33 0.J3333J -0.942809 -0.881917 -0.333333 SNCONS01
0.3333T3 0.831917 T MU DIRECTIONS SNCONS02
N8(0.0> T ETA DIRECTIONS SNCONS03
0.0 «?<0.1666*7> 0.0 K4(0.l66foto7> T WEIOHTS SNC0NS04
* ANISN S4 4-GP WEGULAH ^KObLtM USING FILES SAVtO IN SAMPLE PROBLEM 2 »ANISN 01
1 3 4 7 Kll(O) 0.0 0.S T AMISN CONTROL ^ArtAMEfERS ANISN 02

R20(O.0) T flSSlON GUESS ANISN 03
3 ? 1 T OAC CONTHOL PARAMETERS DACJNPO1
T PEPTU«H41ION CASE DATA DACINP02

I DACINP03
1 ^ 3 0 1 2 3 0.0 4.S67-3 3.4392-2 DACINP04

ft.*-S 4.uO25-if 6.1PI-3 T DACINP05
3.43-*2-/» 7.16/-3 0.0 8.9-S <».002S-2 0.121-3 T DACINP06

? R4(l) ? k 2 U ) ? T FILE. PklNT CONTROLS PRNCNT01
INPUT ULI- CONTROLS <SECOND INK CALL) INPCNT02

AOJUIMT CALCULATION ADMNST02

W30<1.0)
1 1 0
1 1 ?
P30I1)
it s P4(<,(
7.1ft7-T 0.0

S;4804-J
Ph(l)

3 P15(4) r
S10 1 I

w<»O)

0.0
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Input card PRNCNT01 instructs the PRN module

to print the ADMNSTR, SN CONS, MULTIGRP, ANI INPT,

and DAC INPT f i l e s . Output from the PRN module,

except for the ADMNSTR f i l e , i s shown below.

Execution of the next path element, ANI, causes

the ANISN code to be loaded and executed. ANISN

performs the regular flux calculation and creates

new GRP FLXS and INTQUANT f i l e s . The next input

card, INPCNT02, instructs the INP module to over-

lay the ADMNSTR f i l e with input card ADMNST02. At

this point, only the regular/adjoint flag (IAC2) i s

changed. In the second cal l to ANI, ANISN performs

the adjoint calculation and creates the ADJ FLXS

f i l e and a new INTQUANT f i l e .

The las t path element causes the DAC code to

be loaded and executed. DAC performs the perturba-

tion calculation specified by the DAC INPT f i l e

using the current versions of the ADMNSTR, GEO DIST,

GRP FLXSj ADJ FLXS, INTQUANT, MIX DATA, and MULTIGRP

f i l e s . In this example, the perturbation i s a 20%
235increase in the U atom density in the core.

OUTPUT FROM PRN MODULE—SAMPLE PROBLEM 3

»«SN CONSTANTS F1LE»«

3
4
5
f>
7
8

M

F ILE 52

WEIGHT MU
0 -4 .71405E-01

1.66&67E-01 -3 .33333E-01
1.66667E-01 3.33333E-01

0 -9.42809E-01
1.66667E-01 -8.61917E-01
1.66667E-01 -3.33333E-01
L66667E-01 3.33333fc-01
1.6666fE>01 8.81917E-01

"REFERENCE MULTIGROUF F I L E " FILE 57

FILE TITLE
CROSS SECTIONS FROM IDX (STANDARD FILE MULTIGRPJ

FILE PARAMFTERS
NISO NUMBER OF ISOTOPES.
NEG NUMBER OF GROUPS. — —
NFAM NUMBER OF DELAYED NEUTRON FAMILIES.
NBON 8ONDARENKO DATA GIVEN. 1=YFS»0=NO.
MAXJJP NUMBER OF UPSCATTER GROUPS.
MAXDN NUMBER OF DOWNSCATTER CROUPS.
MSEC SECONDARY X-SECTNS GIVEN. l=YEStO=NO
MORD NUMaER OF SCATTERING TABLES.
MBINT NUMBER OF SIGMAPO VALUES.
MBTEM NUMBER OF TEMPERATURES.
1SL SCATTERING TABLE LENGTH.
IHM CROSS-SECTION TABLE LENGTH.

3
4
6
0
0
3
0
t

6
o
4
11

ISOTOPE IDENTIFICATION

NUMBER
1
2
3

NAME
U-23b
M-238
FP

TEMPERATURE
.27000E»02
•27000E*02
.?7000E*02

INDEX
1
1

GROUP STRUCTURE
LIMITS

l.OOOOOE'O?
4.97871E*0S

1.23<tlOE*O3

LEFHAkGItS
C

J.00000t*00
h.O0O0OE*OO
*.0O0OOE*OO
1.20000E*01

1/VEL0C1TV AV ENERGY FISSN SPECTR
3.14014E-10 5.24894E*06 B.S3530E-01
1.40731E-09
6.30715E-09
2.82667E-08

2.61329E*05
1.30108E*04
6.47770E*02

E01
1.44460E-01
1.99000E-03
2.00000E-05
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DELAYED NEUTRON DECAY CONSTANTS

DELAY GPGUP
1
2
3
4
5

DECAY CONSTANT
.12400E-01
.30500t-01
.11100t*00
.30100E+00
.llfOOfc+01
.3OlGOt*Ol

DELAYED NFUTROlM SPECTRUM

P GR'
1
2

3 TO

3

4

DGRP 1
0.
1.00000E*00
0.

DGRP 2
0.
1.00000£*00
0.

DGtfP 3
0.
1.00000E+00
0.

DGUP 4
0.
l,00000E*00

u.

DORP 5
0.
1.00000E*0G
0.

DGRP 6
0.
l.OOOOOE+QO
0.

DELAYED NEUTRON ABUNDANCES

P GRP
1
2

4
5
6

ISO 1
?.22SU0E-04
1.48210E-03
"..33410E-03

7,33110E-0<»

ISO 2
2.22S80E-0*
1.4B210E-03

2.676406-03
7.83U0E-04

ISO
0.
0.
0.
0.
0.

2.85690E-04 2.856V0E-04 0.

«ISOTOPE DATA BY ISOTOPE

ISOTOPE 1

ISOTOPE PARAMETERS
ISOID ISOTOPE NUM3ER • — 1
ISONME ISOTOPE NAME • — U-235
TDC TEMPERATURE .27000E*0?
IRZM MEDIUM INUF.X — - - — — •> 1
IZAS =IOOOO*Z*10»A*S — 94350
AWR ATOMIC WEIGHT .23302E+03
EFIS MISSION ENERGY .31000E-10
ECAP CAPTURE ENERGY — 0.
DCA DtCAi CONSTANT 0.
KBR MATERIAL TYPfc FLAG 1
ICHI FISSION FLAG -1
LIN SCATTERING OKDEK* INELASTIC. 1
LFL SCATTERING ORDER. ELASTIC. 0
LN2N SCATTERING 0KDEK.N2N 0
JSXL SECONDARY XS-LOwEST GROUP 0
JSXH SECONDARY XS-HIGHtST GROUP 0
JDNL DELAYED SPECTRUM-LOWEST GROUP 1
JDNH DELAYED SPECTRUM-HIGHEST GROUP — 4
NBINT NUMBER OF SIbPO VALUES 0
NBTEM NUMBER OF TEMPEHATUHES P

PRINCIPAL CROSS-SECTIONS

POSITION 1 2 3 n 5 6 7
CROSS-SECTION TOTAL A&SORtiTIOM FISSION NU-F1SSI0N TRANSPORT N2N FISSION-FRACTION

POSN
1
2
3
4

b
TO 7

GUP 1
S.034U7E+Q0
2.46544t*00
1.18451E+00
3.05474E*00
5.03407E*00
0.

8
3

&RP 2
.6021PE+00
.34217E+00

le4905BE+00
J
8
0

•64389E+00
•60212E+00
•

iiRH 3
1.46333E+01
6.4nl98fc*00
2.75076E+00
b.66963E*00
1.46333E+01
0.

2
2
9
2
2
0

GRP 4
.38250fc*01
,30579E*01
.33568E«00
.26204E*01
.38250E»01
•



TOTAL SCATTERING CROSS-SECTIONS, ORDER 1

POSN
1
2
3
4

3
0
0
0

GRP 1
• 17386EXX)
•
•
•

6
b
0
0

GRP 2
.73315E*00
.77V74E-01
•
•

1
1
1
0

GRP 3
, 0 9 4 1 9 E * 0 1
.73726t-02
.30278t-03
•

1
1
9
0

GHP 4
.01027E*01
.63931E-04
.24544E-06
•

INELASTIC SCATTERING CrtOSS-SECTIONS, ORDER 1

POSN
1
2
3
4

ISOTOPE 2

GRP 1
3.17366E*00
0.
0.
0.

GRP 2
6.73315E*00
5.77974E-01
0.
0.

GRP 3
1.09419E*01
1.73726t-02
1.30278E-03
0.

GRP 4
1.01027E*01
1.63931E-04
9.24544E-06
0.

ISOTOPE PARAMETERS
ISOID ISOTOPE NUMBER 2
ISONME ISOTOPE NAME U-238
TOC TEMPERATURE .27000E*02
IRZM MEDIUM INDEX 1
I7AS =10000«?*10»A-»S • 94380
AWR ATOMIC WtlGHT • .23b00E*Q3
EFIS FISSION ENERGY .31000E-1D
ECAP CAPTURE ENERGY • 0.
OCA DECAY CONSTANT 0.
KBR MATERIAL TYPt FLAG 2
ICHI FISSION FLAG -1
LIN SCATTERING OKDER» INELASUC. 1
LEL SCATTERING ORDEK. ELASTIC. 0
I.N2N SCATTERING 0H0ERtN2N 0
JSXL SECONDARY XS-LOWEST GROUP 0
JSXH SECONDARY XS-HIGHEST GROUP — 0
JDNL DELAYED SPECTRUM-LOWEST GROUP — 1
JDNH DELAYED SPECTRUM-HIGHEST GROUP 4
NPINT NUMBER OF SIGPO VALUES — 0
NBTEM NUMBER OF TEMPERATURES 0

PRINCIPAL CROSS-SECTIONS

POSITION
CROSS-SECTION

1 2 3
TOTAL AdSOWBTION FISSION NU-FISSION TRANSPORT

6
N2N FISSION-FRACTION

POSN
I
2
3

TO

GRP 1
5.248bbE+00
3.B7129E-01
1.399V5E-01
3.89284E-01

0.

GRP 2
8.V6179E+00
1.8S941E-01
0.
0.
8.96l79E*00

GHP 3
l.20974£*01
5.23039E-01
0.
0.
1.20974E+01
0.

GRP 4
9.89575E*00
7.34704E-01
0.
0.
9.89575E+00
0.

TOTAL SCATTERING CHOSS-SfcCTJONS, ORDER 1

POSN
1
?
3
it

oRP
4.1S>]0
0 .
0 .
0 ,

1
3t"»00

GRP a
8. 75<*80E + 00
8.07098E-01
0 .
0 .

GRP 3
1.15742E+01
1.80550E-02
3.39506L-03
0 .

GRP 4
9.16J05E+00
1.35627E-04
0 .
0 .
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INELASTIC SCATTERING CROSS-SECTIONS* ORDER 1

POSN
1

3

it

0
0
0

GRP
.19103E
•
•
•

1
• 00 8

8
0
0

GRP 2
•75480E*00
•0709PE-0I

1
1
3
0

GRP 3
. 1S7<»2E*O1
.80550E-02
.39506E-03
•

9
I
0
0

GRP 4
.16105E+00
.35627E-04
•
•

ISOTOPE 3

ISOTOPE PARAMETERS
ISOID ISOTOPE NUMBER — — - - — — — — — 3
ISONME ISOTOPE NAME TE
TDC TEMPERATURE — — - — — - — — — — .27000E + 02
IRZM MEDIUM INDEX 1
IZAS =10000»Z*10»A + S 26558
AWR ATOMIC WEIGHT • .5S370E*02
EFIS FISSION tNESGY 0.
ECAP CAPTURE ENESGY — — . — — . . . — - 0.
DCA DECAY CONSTANT • 0.
KBR MATERIAL TYPE FLAG — — 4
ICHI FISSION FLAG 0
LIN SCATTERING ORDER, INELASTIC. 1
LEL SCATTERING ORDER. ELASTIC. — 0
LN2N SCATTERING 0RDErt»N2N — 0
JSXL SECONDARY XS-LOWEST GROUP 0
JSXH SECONDARY XS-HIGHEST GROUP 0
JONL DELAYED SPECTRUM-LOhEST GROUP 1
JDNH DELAYED SPECTRUM-irilGHEST GROUP 4
N8INT NUMBER OF SIGPO VALUES 0
NBTEM NUMBER OF TEMPERATURES 0

PRINCIPAL CROSS-SECTIONS

POSITION
CROSS-SECTION

POSN
1
2

3 TO
5

6 TO

4

7

1 2 3
TOTAL AtlSORBTION FISSION

liRP 1
2.
6.
0.
2.
0.

17940E+00
181S5E-03

17940E+00

GRP 2
3.
1.
0.
3.
0.

77fiB?C*00
02199E-02

77b8?E»00

it

NU-FISSION

GRP 3
2.29673t*00
2.23880t>02
0.
2.29673E*00
0.

5
TKANSPORT

GKP i*
3.21855E*00
1.49746E-01
0.
3.21855E*00
0.

6
N2N FISSION-FKACTION

TOTAL SCATTERING CROSS-SECTIONS, ORDER 1

POSN
1
2
3
4

1
0
0
0

GRP 1
.989&5E*00
•
•
•

GRP 2
3.72476E*00
1.83111E-01
0.
0.

GRP 3
2.27419E*OO
4.3tJ451fc:-02
2.56202t-04
0.

3
1
0
0

GRP 4
.O6aacE*oo
.6U91E-04
•
•

INELASTIC SCATTERING CROSS-SECTIONS, ORDER 1

POSN
1
2
3
4

f>RP I
1.98985E+00
0.
0.
0.

GPP
3.-;
1.83111E-01
0.
0.

GRP 3
2.27419E+00
4.38451E-02
2.5
0.

GRP 4
3.06B80E+00
1.6W91E-04
0.
0.
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»«ANISN INPUT FILE»o FILE 63

*-»ANISN CONTROL PARAMETERS***

ANISN S4 4-GP REGULAR PROBLEM USING FILES SAVED IN SAMPLE
ID PROBLEM 10 NUMBER • 1
IHT XSEC TABLE POSN-SIGMA TOTAL 3
IHS XSEC TABLE POSN-SlfaMA SELF SCATT 4
IHM XSEC TABLE LENGTH 7
IDFM 1/O=DENSITY FACTORS UbtD/NO 0
IPM IM/1/O=SHL SRC-EnG.A/bfA ONLY/NO 0
1PP INTRVL WITH bHL SRC IF IPM=i -- 0
ID1 1/0= PRIN1 ANGULAR FLUX/NO 0
103 N/0=N ACTVTYS BY ZONE/NO ACTVTYS 0
ID4 1/O=N ACTVTYS BY INT (N=IO3)/NO 0
I0AT2 1/O=DIFF FOR GIVEN GPS/NO 0
IFG 1/0=COLLAPSE X-SECTIONS/NO 0
IFLU 0/l/2=NEG FLX FXUP-MIXD/LIN/STEP 0
IFN 1/O=FLUX GUESS/FISSION GUESS — 0
IPRT O/1=PRINT X-SECTIONS/NO 0
0FM1 TRNSVRS D1R-V0ID STRMG CORR. — 0.
RYF NORMALLY 0.5. EPS/<<irF=SCAT.CONV. .50000E*00

PROBLEM 2

FISSION GUESS

INTERVAL
1
2
3
i*

5
6
7
8
9
10
11
12
13
14
15
16
17
lfl
19
20
21
22
23
24
25

GUESS
.10000E+01
•10000E*01
.10000E*01
.10000E*01
.10000E*01
.10000E»01
.10000E*01
.10000E*01
.incoOE+oi
.10000E*01
•10000E*01
.10000E+01
.10000E*01
.10000E*01
.IOOOOE*OI
.10000E*01
•10000E+01
•lOOOOE+01
.10000E*01
.10000E»01
.10000E*01
•10000E*01
.10000E*01
•10000E*01
.10000E*01

INTERVAL
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
SO

•
•
•
•
•

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

GUESS
1O000E+01
10000E*01
10000E*01
10000E»01
lOOOOE-tOl
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«*DAC IMPUT FILE. 66

CONTROL PARAMETERS
ITP MLTGRP FILE. 1/2=READ SfcF ONLY/READ REF*PERT
ID1 1/O=USE ANG FLUX/USE TOT FLUX ANO CURRENT —
MAXLP MAX NO. UPSCATTEW GROUPS. - —
MAXLD MAX NO. DOWNSCATTEK GROUPS. — —
NFI NO. FISSION ISOTOPES •
NCAS NO. PERTURBATION CASES

PERTURBATION CASE

PARAMETERS
ITPP
NPM
NPR

TYPE PEST. l/2/3=DENSlTY/X-SEC/B0TH
NO. PERT. MIX SPECIFICATIONS
NO. PERT. ZONES

PFRTURBATION ZONE NUMBERS

1
2
3
4
5
6
7
6
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

:
i
l
i
l
i
l
i
l
l
I
I

1 1D/2D
1 26
1 27
1 28
1 29
1 30
I 31
I 32
I 33

34
I 35
I 36

37
38
39
40
41
42
43
44
45
46
47
48
49
50

1
1
1
1
1
t
a
2(VJ

p

(VJ

2
2
2
2
2

(VJ

ro

2
2
2
2(VI

2
2
2

PERTURBATION MIXTURE SPECIFICATIONS

MAT NO./ZONE
1 4
2 5
3

s
6
7
8

MIX NUMBERS
4
<t

4
<»

s
s

MIX COMMANDS
0
1
2
3
0
1
2
3

DENSITIES

4.
3.
7.

8.
4.
6.

0
56700E-03
43920E-02
16700E-03

0
90000E-05
00250E-02
12100E-03

PT DENSITIES
0

5.48040E-03
3.43920E-02
7.16700E-03

0
8.90000E-05
4.00?50E-02
6.12100E-03
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Sample Problem 4. In this problem, the dif-

fusion option of DOT2DB is invoked to obtain regu-

lar and adjoint flux files that are then input to

DAC to compute the reactivity of a core fuel den-

sity perturbation. The model used is a 4-group,

finite cylinder containing core and blanket regions.

The calculations are performed in two runs.

In run 1, the path

*INP DOT INP DOT FL1* T PATH

is executed, and, in run 2, the path

*FL0 DAC* T PATH

is executed.

The first call to INP in run 1 is used to read

the input shown below. This input creates the files

ADMNSTR, SN CONS, GEO DIST, MIX DATA, GRP FLXS,

MULTIGRP, and DOT INPT for use in the first DOT call

to calculate the regular case. In addition, the

input creates an ADJ FLXS file that serves as a

flux guess for the second DOT call and creates a

DAC INPT file that defines the perturbation speci-

fications for eventual input to DAC.

OUTPUT FROM FIRST IMP CALL—SAMPLE PROBLEM 4

(Lines labeled on the far right by CARD and an integer are card images.)

• • • • S T A N D A R D CA3L' I'Mt-U f»««*

FILE CONTROL

1 1 4 1 1 1 1 1
IREAD l /?/3/4==ieA0 M L t f

FILE

SN COMS
IMTQUANT
C-t.O D I S T
MI>. i)ATA

MIJLTIOPP (wtf..r<hNLt )

ZONE "ENS
clX INPT

oox IMCT
AMI l^CT
DOT P4PT

• . o ' l ^ l ^ l T I N f F I L t CONTRL
C«WL>3/STANOAI<O FlLE/tlOTH/bKIP FILE

l°tAD
1
1

CAWO

oaf;

FILFS-INPUT= 0.

ADMNSTR DATA

* 1DX SAMPLF PPOfjLtM F ̂ u '0

S D I M . T V ' c • T i E O O V . a r t r « '?.'•' .<L i fj • ̂ n >lt i. * it 0 J U •• 1 £ fMt lSHt 1 b I S 1

El' TY^!:. . - V " » l . " N V : i 1 1 . ' . t . ;: l . v . i - 0 * ^ I <vvO«t J-^S t U . 0 »

1 o %J l r, o s j v M f n . y J l i 3 I 1 . 0 »-l r .Mi) 1 tn«CW«MXl-» 11 1 1 0 <>

"OObf " 3 < D - - " i - [ I t u il.(< B N ^ ^ I I *• ^bOUKCt 1>W* 00

iCONV S^f CS*"*i> H ' ' ' . ' ' i <••'" ; ' .O •»."> !•<• : >« u 0 . U T

CARD

CARD

CAHO

CARD

CAHO

CARD

1

?.

3

4

b
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'•SN CONSTANTS

FILF.S-INPUT = 0

.333.1333 -.<

-.3333333 .3333333 T

ETA OIPFCTNS

-.3J33333

WEIGHTS

P2(0.0»M4l. 0333333?) ..O.O^S (0.083 13T3*:) ) T

CARD 1

CAHO ?

CARD 3

CAHO 1

CARD 1

AND

FILFS-IMPUT= 0. UUTOUT=

1 DIM P03YS

0.0 19 (60 .0 )

2 DIM ar>cvs

0.0 I9J60.0)

MAT NUMREKS

10 11 T

ZONF

F1LF.*«

CAMO 1

CARD 1

CAHO 1

OftTA K j L t » *

= 0 . OuT = i

MIX MUMPERS

« 6 ( l n > ^ 1 1 1 ) T

o.o ?.i-- 0-i T

CAHO 1

CARD 1

CABO 1

CA«O I

SI



Fl.J*

C-90UP

l ? 1 . 0 * > n « . n }* . -?. f i b./J I r 1 u * i n l t S ' i i G^oOP

1 CUM F L ' U

1.0 1.0 0.^71 0.;5'*'» 'i.fiit o.i'-* 0.R1? O./-s2 O.bob O.frl2 1.S27

0.431 0.32b n.t>2£ U. l lJl r TLUX Gtjt.Sj.. CK rMCT0HS-10.

? OIM FLO*

1.0 1.0 O. *7 l 0.^'.« C'.^u* 0 . 1 ' " * 0 . « l i O . /a2 O.oeb 0.612 0.527

0.631 0.•»!?;» 0.<V/» t . l l J T FLUX GutSb. S-̂ ACt fACTOwS-li>.

CArtO 1

CAHO

CAUL)

CARD

CARD

1

?

1

2

••ADJOINT FLUX

FILFS- INPt iT= 0 . Oi

GROUP FLUX

1 2 1 . 0 604 . i ) 562.1- S . / J T FLUX GUtSS. ijrtuGP KACTOWS. CARD 1

1 DIM FLUX

1.0 1.0 O.*»71 0.-J*.'* ii.<*U<J (>.•**•& 0 . 8 1 2 O.?b2 0.6IUS 0 . 6 1 2 0 . 5 2 7 CA«O 1

0.«»31 0.3?-5 {i.iie. U.113 ) FLUX 'nJtSS« S^ACE KACTOWS-10. CARD 2

2 DIM FLUX

1.0 1.0 0 . 4 7 1 Q.H-u 0.<riiH O.<5*>* O.«12 O./i>2 O.hris 0 . 6 1 2 0 . 5 2 7 CAHO 1

O.«t31 0.3PM O.rf2«? l - . l l . l T FLU* f50fcbSi« Sf'ACE FACTOWS-10. CARD ?
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Fli F5-IMPHT=

F II.F NAME

I H - S AS •*•.>«! t T 0 X - 1 0 A « T

CONT0OL

1 1 0 J 0 0 I 1 « M u > T

DIMENSIONS

9 * 6 1 0 0 M S 1 ? 0 i K 7 ( 0 ) T

ISO NUMSfOS

I ? 3 « 5 ( i 7 M 1

FIS ISOTOPES

-l -l o o o -l o o c r

ANI ISOTOPtS

P9(0) T

ISOTOP NAMES

1 *PU?39« 0.0 C ? *'JdJH» 0.0 0 3 »0tt U.U 0 «• »FE» U.U 0

5 »NA» C O 0 «5 *U^3r» ii.t 0 7 *"><» 0.0 0 c<

OROUP STRUCT

0 0 PIO(U.O) 3.0^13

»013 0.0 T

DFLAY SPECT^

P6(0..l.0.0..0.) T

OLY ARUNDNCS

7.752-05 5.71^-n-*

PRINCIPAL XS

0 . 0 0 9 »NA* 0 . 0T

. l )> . 5 7 6 .

. l * - : > T

fc.b'ibnj 7 . / n 0 0 1 «^(0.)

U.

B.11876 ?

DLY AHUNONCS

1.92*-^ ?.Oi'V»--j i'.i

0.

.- J J, 13-3 1.11-3 f

CAtfD 1

CAKD 1

CARD 1

CARD 1

CARD 1

CA»O 1

CARD 1

CAKO ?

CARD 1

CARD ?

CAKO 1

CAHD 1

0. .491207 P. l^.'^i" i

0. l.'.ii'Jl 0. l?.-l7:.K- 1 0. 0. I

CARD

CAKO

CARD

CARD

CAKl)

CARD

CARD

CARD

CARD

1

?

3

<>

1

1

2

3

4
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E

i

I

0MV3

OHWD

OHtfD

O«V3

E

2

I

*

z
\

1

t

2

I

0HV3

0WV3

Q8V3

QSW3

QHVO

0WV3

0««3

0«V3

0MV3

0WW3

0HV3

0WV3

08V3

0«V3

E

2

I

£ 0MV3

<* 0MV3

I QMW3

0HW3

QMVD

*t) " 0 / ' ; r ' e r ^ l •

*!1 *C i ? V - f "

C O ) ? "

0 f -

• 0 " 0

• 0 ' o

COlt"

*o *o r-r?
• 0 ^ -

•0 *o

r - H * T C-CC

• 0 •(!

•0 *o

COIfi

0 c-

*O »0 f - ? ? U 6 # 0 W?

•0 *n

' v *0

*I *0

*0 ^ -

*0 e-

* 0

* 0

*0

0 ->- COIEd

b^i:tJE*t"

SX

*0

*0

SX

T * 0 e -

' s *o

*& *o

* l * 0

I «P

*0 "0 9

'OI e0 i-2LLU*'Z *Q

f l ) O f l > ^ *0 C-96«JS9*S * 0

*•<>>£>.'? '0 £-<-blvL'H *0

SX IVdIONidd

.'-W.f. t"-* 1 I ' i ' H ^ d t ' U l t d

c;tiT•• c (*O)i.'rt

C0)Cd



»»OOT?l)B INPUT FJuF»»

FILES-IMP<JT = 0 . uHT=uT= n *

PARAMFTF&S

• SA«FLF OOT.'iJ'H ''-'Uht I-.'-'

• • 1 1 <• lj - 0 JO 1 0 -1 1 0 0 1 T CNTkl.

DIFF MARKERS

T DIFF WARM-PS

CAKD 1

CARD 2

CARD 1

INPUT f:CF»«

INPUTs 0. 0UT3l'T= no

CONT&L PPAMS

1 0 0 3 3 1 T DAC (

CA5F PAPMTPS

l n a T CASE J

PT ZONE NOS

R 1 0 I H 1 0 H > t f ' S I ? ) )

PT MAT SPh"C5

10 I I / MATfc-f[av.

1 t'ONt NUMHE-S

0. .002 .00R ,014c' .01? .ull 0. .01S .Oi .02 .005 T Ptf 0

PT MIX PENS

o. .oo?2 .ona .ri^i; .oi^ .on o. .01^ .u.i .02 .005 T POT D

CARD 1

CAKD 1

CARD

CAHD

CARO

CAriD

1

2

3

CAKO 1
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In the second ISP call of run 1, the card in-

out shown below is read. This input alters the

ADMNSTR file previously created to request the

adjoint option in the second DOT call.

With a 10 convergence specification, k ff's

of 0.96272 and 0.96279 are obtained for the regular

and adjoint cases, respectively. In the DOT execu-

tions, the original flux guesses in the flux files

are supplanted by the final converged fluxes. At

the end of run I., FLi is called to store the

existing set of files on tape.

OUTPUT FROM SECOND INP CALL—SAMPLE PROBLEM 4

(Lines labeled on the far right by CARD and an integer are card images.)

In run 2, FLO is called to recover the files

from tape. These existing files provide all the

input needed for the DAC execution. The DAC INPT
239

file defines a perturbation in the Pu atom den-

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
—8

9.71 x 10 sec are also obtained.

3 W1S(«.) T INP ML.f C.
1 / ? / V - = DF h'j f- ILK h «'>'••

T! r. \'.!'i«:

CAKO

M!..'L T »•"•'- -

ANT T""JI
[JOT ; M K |

S10 1 - <• i l . r CARD
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Sample Problem 5. In this sample problem,

CLUB Is used in a 3-group, 9-zone, single-cycle

burnup calculation Involving 5 chain equations and

16 Isotopes. Zone-averaged fluxes are computed at

the beginning of each burnup step with the DOT2DB

code. Diffusion theory Is used for the X-Y, 9 a. 12

mesh flux calculation.

The first two input cards, DRIVER01 and

DRIVER02, instruct the DRIVER program to execute

the path FLO INF FRN CLB. It is assumed that a

3-group MULIIGRP file containing the 16 isotopes

has been previously generated and stored on tape.

This tape must be assigned by the user to logical

unit 49. In the call to FLO, the MULTIGRP file is

copied from the tape to a disk file.

The next input card, INPCNT01, instructs the

IN? module to create the ADMNSTR, SN CONS, GEO DIST,

MIX DATA, GRP FLXS, ZOMEDENS, DOT INPT, and CL3 INPT

files from card input. Input cards for these files

are labeled ADMNST01 through ADMNST03, SNCOMSO1

through SNCONS03, GEODIS01 through GE0DIS05,

MIXDAT01 through MIXDAT06, GRPFLX01, ZONDENO1 and

ZONDEK02, DOTINP01 through DOTINP03, and CLEINP01

through CLBINP17. The SN CONS file is always re-

quired by DOT2DB because of the possibility of mixed

diffusion/Sn computations. In this example, however,

the Sn constants are not used because diffusion

theory is specified for all groups. DOT2DB always

obtains & flux guess from the GRP FLXS file. The

GRP FLXS file created with input card GRPFLX01 Is a

flat flux guess for the first DOT2DB calculation.

CARD INPUT FOR SAMPLE PROBLEM 5

4 T NUMBER OF PATH ELEMENTS OR1VER01
«FL0 INP POM CLB« T PATH DRIvEKOZ
R 2 ( l > 4 R 3 ( l ) R 3 ( 4 ) 1 W3<4) P.£ ( 1 ) 4 1 CArtO INPUT H ( . E CONTROLSINPCMTO1
• *OMNSTR FILET FOR CLUB CALCULATION USING 0 0 r 2 0 8 • 2 W3(0> 2 6 ADMNST01
P e ( 9 ) 12 1 0 1 K 2 ( U . O ) 1 . 0 - 4 RS><0.0) 1 K V ( 0 ) 1 .0 25 153 ADMNST02
0 16 R * / 0 ) O.C> 3 0 20 b 1 . 0 - 4 " . 0 - 3 O . i O.b 0 . / 5 1 . 0 - 3 1.5TADMNST03
R2(-0.70711) R?(0.70711) -0.70/11 0.70711 T MU DIRECTIONS
R3(-0.70711) *:lll>. 70711) T ETA DIRECTIONS
R2(0.C.P2(0.25) ) T WEIGHTS
0 . 0 13(10 .F>) 1 2 ( 1 4 . 8 b > 11(26.e>5> T FIRST DIMENSION BOUNDARIES
0 . 0 I 9 ( 6 0 . D ) 1 1 ( 6 6 , 0 ) 1 SECOND DIMENSION BOUNDARIES
17 18 20 21 22 2J 2* c5 T

SNCONS01
SNCONS02
SNCONS03
GEODIS01
GEODIS02
GEOOIS03

( 1 ) ) » ? < R 4 ( ? ) . P 3 ( 6 ) « w ? ( l ) ) ( V 1 8 ( l )
R 1 7 ( 1 7 > - P 1 7 I 1 S ) P ] 7 ( l ^ > R 1 M 2 U )
R 1 7 ( ? 5 > 1 M I X

MATERIAL NUMBERS BY /ONE
.«3 (8) «W2 (1) ) R£ (W4 (3) »R3 ( 7) »R?GEODIS04

T ZONE NUMBERS BY jNTtRVAL GEOD1S05
RWI21) W17I22) K1H23) R17(24) MIXOAT01

MIXDAT02
P9<n.l,?O»*n5.6W.tn9.10«ll»12«13.14-.lb»16) T MIX COMMANDS MIXOAT03
0.0 O.Of- W7I0.U) 0.0J (J.O 0.001 Rb(O.O) Hi) (0.0»2.b-<i. 1.0-20.1.0-MIXDAT04

2.R3(O.0) <4.-J7f.8-'».0.0»1.5-2tO.O»1.0-2iR5(0.0) ) 1 *HK DENSITIES MlXDATOb
1 ? 3 4 5 h 7 M 1 U 1 12 13 14 IS 16 T ISOTOPE NOS ON MULTIGRP FTLE MIXDAT06
R3I1.0) T FLAT FLUX GUtSS FOR U0T2Drt GRPFLX01
.06 R7(0.0> .03 .0 0.001 K5<0.0> RH(2.b-2»1.0-20.1.0-2.R3<0.0)»4.ZONDEN01

97(S8-4,e.O.1.5-2.0.0.1.0-2.Kb(0.0)) T ATOM DENS BY ISOTOPE AND ZONE ZONDEN0?
« 3-GRP«X-r.9-Z0fJt.VX12 MtSh.DOT2UB DIFFUSION PROBLEM FOR UbE WITH CLU9»DOTINP01
R2(l) H 5 h 0 => R2(0) -1 1 R3(0) T D0T2D3 C O N T K O L PARAMF.TERSDOT INP02
R 3 ( l ) T DIFFUSION MARKERS

» ci ' »H 1-CiP0UP»9-/0NF •DFRl L i ION ^KOHLEH USING D0T20B TO
» COMPUTf ZOMt-AVE^flR. FLuxtS AT BEGINNING OF EACH BURNUP SU.P

5 »DOT* T T ITL t «JMf) ^EUTWOuiCb SELECTION
11 SINGL.F CYCi.f.» 5 CHAIN EQUATIONS. FNO-OF-CYCLE K t r F = 1.0

1 10
1.0 0
? T
1 1 1
f, h T
3 U S
12

1 'J7(0) 1

? -1 **
M I - i t -

- 7 -. I
b.

2 . 3 - 3 P.
1.2 1.3
S T Ml.^
^] 9 p

. 3 1 <* - 1
1A 9 1

- "L t t r.'W
"it- f l ^ S

I - ft> IM

l . b I

3 4 J .6 + ̂ t * 2<1 .0 ) R3(0 .0 ) S.U + 'i 0.0 1.0*9
) 1 0 1 0 R ? ( l ) R2(0) «4(1J T DEPLET HIST
Zlm*t btTS

a 2 v 1 1 0 «CORE: ZONES * T ZONE CLASSIFICA
IM^AoLt' ANJ KT-iSION-PROuUCl NUCLIOES
tK-, jt- h lS^ f t ^AMLt NUCLIl i ta
^ - 2 b .—2 o . W - 2 6 . 3 - 2 13 2 . 1 - 3 2 . 2 - 3 2 . 2 - 1
t 2.0 2 . ^ 2.<* 2 .6 2 .n 3.0 lb 1.0 1.1

FISS-PwO'J iO ^OS AIMO r l t L u S F'H'JM t-Ii>S JMUCLIDES
' t (MAINS

DOTINP0.3
«CLF»INP01
»CLHINP02

CLBINP03
»CLdINP04

CLbIN Ju5
CLBINP06
CLBINP07
CLB1NP0H
CLHINP09

F6' OF "gii
( i ) T L

I *• 1 7 1 << .1 1 •» 1 2U00II6 1 i-00007 1 20000H 12 - 1 13 IS 1
10 T CHnIN SHtClr ICAI IO I .S
->?{?) --u{;\ ? H i d ) f»2(2) 1 I H L f l PP1NT CONTROLS

CLBINP11
CLHINP12
CLHINP13
CLHINPlt
CLBINP15
CL8INP16
CLBINP17
PHNCNT01
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The last input card, PfiHCNTOl, instructs the

PRN module to print the ADMNSTR, GEO DIST, MIX DATA,

ZONEDENS, DOT INPT, and CLB INPT files created in

the preceding call to INP. This printed output 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

terminated when ket.f has been reduced to 1.0. This

occurs at 135.7 days after four burnup steps.

OUTPUT FROM PRN MODULE—SAMPLE PROBLEM 5

«»ADM1NTSTI-"W I Of FILF SI

ION A'-jO U ' M -<f

ADMNST9 F U C c 0 - ' CL W C*.LC-'i_ A f 1 J'» USINO 001 c'Jh
IA01 1 / ? / 3 -,'1 i-it'•'•:• I nfw 2
1 A 1 1 TVPL". '•• = ;> 1F- •- L*c 1 ' jr^. i - T h ! A<;SPO~*T 0

T H F O ^ Y . i) = t-f> ,<JLAKf< 1 = I « U J O 1 * ! T 0
AN I SOT o;>i- j r <CA t l c - 1 ' l l - ^ K O F * 0

f '^Ofc 5 ^ F r .N ' - ^ i - 1 - ,.»A I n * . I j J.<< — d
IGF. 0 / ! / ? / i/a/7/r/*/ I 1 / i d / 1 J-='.'-FoMH T K V b
I 7 M
I M
JM
KM HJ«RE» Ĉ  WL L I ' - L M ' J I J'i li-jTt^VALb 1
I^K 'JU^HFU Of ^ICKLlJb be I S U
IFVT 0 / l / ^ / 3 / H / - / t =• rIUt_NV«LUt FYKt 1
EV t Jf.f-NVALiJf .'"''•hS 0 .
EVM ElGKNVALUf-: M(.i')If ILK 0 .
EPS CV>t\)<frGtNf.t ' • ' I IF .K ION .10000E-OJ
TEMPI UNOiFIfcfcu. 0 .
TEMP? UMDFFJIMF.U. — • 0 .

TEMH.-J UNOEFINFU. 0 .
TEMP4 nu i r i tF INFj . 0 .
TEMPS UNr.EI-'INE'J. 0 .
1B01 - l / U / l / ? / V « - Lf^T nJ^r CONDITION 1
1R0? - l / O / l / V z ' 3 / ' * = KI I IMT « ) « ( CONUIT1OH 0
1B03 - l / 0 / l / ? / 3 / < . = Kir' >i:>v CuNulTlON 0
TBO* - 1 / 0 / 1 / ? / } / " = nUTjM t̂ J-rC C O M U I T I ' I N 0
1B05 - l / 0 / l / . . V J / i . = r -.(J , T B J » ( CONDITION 0
1H06 - 1 / 0 / 1 / ^ / 3 / ' » = nACrt r)JHV CO.MUlTION 0
M07 0 / l /2 /3 / '» / 1 5 = K>i» liJHlil OPTION 0
IFXT NEGATIVE SOJPCE C«tCK. 0=rMO.l = YtS — 0
soi souKCF Ô''<ALK'«̂ >Ĵ l KACIOR ,iuooot*oi
»̂T N U ^ O E K OF ^ A T t « ! o L S . i?b

MCI NU^f?f.0 Or "aTt f - IAL bf't C U I C A T IONS 15J
«C» NUMBER OF T^OTO^t ' a bETi> FkOM CA^Ob 0
^SK N(J*«rtF« Of IMiTO^t Xs SUTS FKOM TAPE- 16
12 NHM»F» Of 1^1 'M •'tsiSI<J>i| '̂JME MODfYVS O
JZ N'J^HFP OF -̂NL 'MMl' . l i lUN I'Wt «H.HJFY-<S 0
K? MIMHf.P Jf :»«l; !<Mtxbiv>l i t ' j ^ t M00FY9S 0
ISOi"
S03
1GM M(-Mm.-a OF tNEH'iY ij^OUHS. — — — 3
M06
tC'OS
1007 - ' .xfMi.i" «ni.->-. ,f i / , L . ' .
f>OS ' j f i i l i - ' i ' - ^ A I ^ I - L ! ' r . ^ r . i i=* . (n i>P'3=l . l i« IT . lwiJO'H'-O J
'>(if> - n r i T . J f , I . . / f r - ^ I . »•= jl; .!*i ' l t = L l M i f - . 1 i/OC C t - O i 1

ALAI I AMifl ! t»,rx i i •" I f . l u 0 0 O t * O U
t •00
£ » o o

- v / . r-.-t f ' < I ' • ' - . J T . sr. <--Jf *^f ̂ . . l o 0 0 G t - 0 < '
XFAC f > J>>£.f j | /. f i t -, r At i . - . . l t > 0 0 0 t * 0 1
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AMI) U 1 3 i « i CM J I : FILE S3

BOUNDAPTFS

1ST
1

J
d

7
R

g

! 0
11
1?
13

MATERIAL Ni

1
2
3

? ,
S,

7,
1 ,
1.
1 ,
1 .

U

,n75OOF
.OSOOOt
. l<?50iir.
> 3'OOOfc

,63=1006

)rTPS

20NK
1
?
i

s

• u 0
• III,.

• 00
• 01
• ot
• ( 1
• III

• U l
• 111

y
^ • ^ O u O C f - •

1 .d'OUOU"- •

i .hOOuut •
c-.^l'OOUt^
, j , -j U lK»0t •
J « fi U 0 0 U ̂ -. •

<.,k0u0ut»
'a.'tOOOUt^
b. juoooe^

o.60Ui)0h>

•iftlhwIAL ML)
1 /
l o
I V
<iO
i l

iiii

l / l
u l
o l
U l
t i l
01
Oi
I I !

u)
0)
01

•

ZONF.

ID/
1

5
6
7
a

10 11
3
3
3
3
f
1
1
I
1

3
3
3
3
f
/
1
1
1

c
a
?
<?
b

1
1

"i
Z
c
j>

b
b
6
1
1

1 1
i 1
1 1
1 }
1 1
1 1
I 1
I 1
1 1

««MIHT'JPE OATA FILE*0 F lLf

MIX

1
?

r;

<•

7
• • •

NUMBERS

i <
I r

1 .'
) /
j ,
• V
i /

} r
r,

i ?

MIX COMMAND

J

c

i

* •

>

t-

1

MIX DENSITY

0

0
0
(i
0
c
0
J

MIX

1 1
\?

NUMBERS

t V

! 7
I f
19
71)

} 1

\»
If
I "

MIX COMAND

i it
i i
i <:

MIX DENSITY
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MIX NUMBERS

?\ IK

?i 14
?4 1 H

?* Iti
?7 K-1

MIX COMMAND

3n
31
3 ?
3 3

^
3 6
37
3B
3 9
4 0

4 ?
4 3
4 4

4 5
4 6
4 7
*B
4 9
5 0
SI
52

^ 4

S5
«>*
57
58
<;9

) ̂
18
18
lrt
18

19
19
1 9
19
19

19
19
19
19
19
19
19
19
19
19
20

20
20
? 0
? 0
?o
-in

f 7

*>£
70
71
7?
73
7 4

75

77
7R
7 9
f-P
'•I
A ?

MS

9 7

? 0
20
20

21
?\

21
/ I
? 1

' 1

21
21
>1
21
^ 1
<*!

2 i

-'2

l u
1 ]

1 j

IS
ib
0
1

3
4
b
O
7
b
9

10
11

1 J
1-4

7
rt

10
11
ii
Ki
14

0
1
2
J
it
S
(i
7
M

10
11

I j

IS

MIX DENSITY

0
U
0

H.Wf"-ifJt--G4
0

1 .v.'OOOl- - u 2
0

0 (/ 0 (•_ - u n'

0
0
0
11
0
0

i C ii

1 .'JOOJot-r'O
l .UO000 t -02

0
0
0

0

n
1 .OliOOOt-02

0
u
0
0
0
0

1 .OuOOUt-20
1.00000t-02

0
0
0

0

MIX NUMBERS
Kft ?_i

90 ?.-
91 ?;.
9 ? ,3,'

op

09
inn
101
10?
103
10'
105
106
107
10P
109
110
1 !1
112
113
U4
11'-.

117
1 ] H
119

1 •LIO COOt—02
0
0
0
0

u
0

l.OOOOOt-20
}.00000t"-02

0
(J
0

0
l.->0OO0t-O2

0

(>
•)
(1

u
u

''.SL'tiUOK-di'

no131
13?
133
! 3 4

13?
136
137
n ?
1 39
140
141
142
143
144
145
1*6
147
1*8
1 4 9
1 5 0

' C '
• «2
• «;?

?3

?i

24

24
?4
24
24
24
?4

24

24

24

2 *

2b
2&

? S

MIX COMMAND

3
4
S

1
1

MIX DENSITY
.OU000 t -2O
. uooo i j t -O^ ;

0
0
0

10
11
12
1 j
14

O

1
£
j
4

9
10
t l
12
13
|4

10
11
i 2
13
1<*
1 b
16

0
1
2

«.
S
fc
7

9

l o
11
12
13
» 4
1 5

16
0
1
2
j

u
b

0
l . O O 0 0 0 t - ( ) 2

0
0
0
0
0
0

2.bOOUt>t-LJ^
1 ,00000fc-2t>
1 .OOU0Ot-0<i

0
C
0

4,97httOE-04
0

1 .S0000t-02
{1

1 .UO00OE-H2
0
0
0
0
0
0

2.bcnuot-y^
1.00000t-20
1 .ui'OCOt-u^

1)

u
u

l.UOOOOt-Ot?
0
0
0

I)

u
2.50000c-1/2

1.0000ut-02
0
0
0

4.9/680»--<>'«
0
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ISOTOPF N

1
?

4

s
6
7
B
9
1C
11
1?
13

UMRe-'s

ISOTOPF MO
i
2
3
it

5
h

7
%
4
10
11
1?
13

ie I n

•'ZONE nENSTTIES (• I L t f c * FILE 58

ATOM DENSITIES

ISOTP
1
2
I

<* TO h
7

n
9
10

n
12 TO lft

ZONE 1
6
0
0
0
0
0

3
0
1
0

i.OOOOOE-02

.00000£-0<!

•0000OE-U3

•

ZONE 6
2
1
1
0
<>
0
1
0
1

•50000E-02
•OO00OE-20
.0O0O0E-02

.9768UE-O*

•S00G0E-02

.0O000E-02

ZONE 2

i
i
0

0
1

u
1
0

'.S0000t.-02
.OGOOOt-iiO
• 00l>00t-02

."S7t>bOE—0<*

.S0U00t-02

.oooiioa-02

•

ZONE 7
I
1
1
0
it

0
1
0
1

.bOO00E-O2

.00000b-20

.00000E-02

,97680E-0<»
•
.bO000t-02
•
.00000E-02

ZONt J
2.bU0OOt-02
l.OO000t-20
1.00000t-02
0.
<» • 9 7 ft a 0 1 ~ 0 <»
0.
LOuOuuh-Oi?
0.
1.00000t-0?
0.

ZONE a
2.50000E-02
1.00000E-20
1.00000F-02
0.
<».9/bH0E-04
0.
1.50000K-02
0.
1.00000F-02

ZONE <•
2
1
1
0
it

0
1
0
1
0

.SOOOOE-0?
•OOuOOE-20
•OOU00E-02

.t>OOIiOt-O?

.OUOOOE-02

•

7ONF. <4
2
1
1
0
u
0
1
0
1

.500006-0?

.OOOOOF-20

.onoooF-o?

,976a0r-na

•SOOO^F-O?

.ooonoF-o?

ZONF b
2
1
1
0
i,

0
1
0
1
0

.50000E-02

.00O00E-20

.00000E-02

. Si7(j80t-0^

.50000t-02
#

.ooooot-o<e
•

0 . 0 . 0 .
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»»0OT2D» INPUT FILf00 FRF

DOT?OH CONIVOl "««»•••> ft Kb

'XUOLF.M FOw USE WITH CLUB
A01 h"->OrUc
FXT 0 /1 /V = l.
IHT POSN SlO-lf. Tin'MU <*
INS COSN bIO<»*. "it l^-Sl ft! TkH b
ITI. X-SF.CUON TAnLt L t ' iMn 6
M05 NO. aClilOuwlbK A C l l V I U ^ b — 0
S0<» J N I T I A L TN^t« I f MAX/6kOU(J 5
IAFT ?/0=Cn\^X FLu» MOMtNlb /Nu — 0
M04 NO. "UINTWISf . A C T l V l T l t S — - — 0
M06 - l / n / l / ? / 3 / < . = ^ I S r SOUKCF OPTION - 1
IR01 O/l/?/.T = l.tFr r̂ OUNUAWr COMIiTlON 1
IPO? 0 / 1 / 2 / ^/<»=t<l(,nr UOUNO CftNOITION 0
IB03 o/i/a/i/u=rof' riounoA*r roNDJiiON o
IB04 0/l/?/J=^(iTTOM bOUWf) CONDITION 0

DIFFUSION

MAP* Iff?
1
1
1

INPUT FILE** FILE 65

TITLF. SND NeuTHONtCS StLtCTION

CLUB 3-G><OUP«9-ZONf .OEN'Lt TI ON P^UrtLEM USING U0f?DH TO
COMOliTF <!»Nt-AVf;«Aoe FLUAt-S AT dtoTNNlNfi OF tACn HU&NUP bTtP

LIM CPU T1MF l l « 1 1 IMlN) 5
SFL \f-'UT>»0i*lC!> 3^LtC^ION <Ai) DOT

?AF = MJ FLU*. CALC. USE ZONE FLU*
CM l>lTfrf0Aw1 f IL t«

A I M = I N F I M I T K rttOIUM CALCULATION.
3.<f OX CODf- .

K AMSf-i COufc.
f )uT.•>!.•»> COL>t.
OTMtK fLuA COO*-- CAN «E

"T P u n i N t . SEGMF.NTtO
iwoio;* UK tont ON A
H J-CrtAtVACJtP NrtMF.

DEPLFT1O" NjSfO"^ ft.r -j ^L:|l^^4(, J H I Jons

SINGLE C*Ct . t - => u><A|f. M.UAI 1UI>IS« t M 0 - 0 f ' - C V C L t K e f F ^ l . O

NDC<?) MAX V ) . -.)«•.>( t | , .J,J 1 |Mfc a l f K S fU>* «-'|fSI ».TCLt 10
N H f i l MnX *j,'i. j f - ! . ( • f I » I » Il'tfc b lF^S F!)»* Z\tu CfCLf - 0
«•".»<») MAX I M . lif BL t. 1 k "J •J i l i t t bTF^b y CM OfMt »* CYCLES 0

MfKSI Mi;««rK ;;F Sdf-.SIf^V FiW raTH k F ^ L i t U i 1 * S l t P - I
AI fNu Of 1 M e Slfr.P - — - 0

S£ L I A " 1 ' AVI •*»[*>•'l> ttuA 0\lt" SUrtSTtP

0

N O i B ) r / 1 =f>FM*K'/ui. i.'t 1-L'iX A M U ' tACM SilUbltr* TO — 0
I . N K I . / N 0
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NP(9)

NDUO)

ND( l l )

MDI1?)

NDU3>

1 /•;)=«(- ru*ii-j rliS'tx LLi/tL 10 (WIGIiMAL S.". CS — -
<^£t 0 1 ( J ) »1fJL> Ou(t<)) »HK.x EACH FLUA

»*hrt Lt v tL IU b l \ ( f
THf_ TIMt h l t ^ S ISf.E

Ur/(o) )
I I '>V JM L l w n i M > f'OWcK ' ' ' t N S I H ( S t t Oi» 1 *•• I ) -

= TF3-«INA1F. IC L I ' - ' H

NOUS)

NP(16>
NPU7)
00<l)
D0<?)
00(3)
ODU)

DD(5I
DD(6)

0D<7»
DD<fl>
DD(9>

DOUO)
DD( l l )

OOU?)
OO<13)
00(1*)
OD(1S)
D0(16»
00tl7>
IEDTU)

IEDTI2)
lhOTI3)
IEDTU)
lEOT(b)
1EOT<6)
IEDTC7)
IE0TI8)
IEDTJS)
IEDT(10)
IFDTUir
IFDTU2»

10
'JSI i-OxtK 10 HAIMAjN POWt** Uf.NSlTt

O/ l=LH i r iMf» P i n t * OfcNSlTY I1DC) APhLlfcS TO-- C
Z0NES/Stir*20'»C.S

0/l=L!Mln<JO AVr.rfACit FXHflSu"E 00C«) A L L I E S — 0
TO ZON^'a/^O^t CI.ASbfS

1/0=00 r'LtJ* C'»Lt fOK fcNU-OF-CYCLt CONUTNS/NO- 1
OPTION OH rNO-Of-Cfv-Lt t ATKA^OLAT IOM — — — 0

O'» fAPOSUxfc
ON CUNTKOI POISON

OrtXI-JAPOLATc. On tACFSb KEACTIVlIr
l=Dl) \O l KAi«APOLAIfc

OfTlOM K)i> (.ALCOLATION UF CO'>IVf "SI ON ><ATIO 0
0 = JSC. CAPTIJht «ATF. IN F tK l lLL
1 = JSF. K«CiA*iMA iiATf IN F^PTlLt

IxU^BF" uf FNtHur OHOlVj - — — — - - - - 3
NUMHFP OF «/.!)• K J A L /ONE") - — - - — - — — — 9
KEfcCWENO: £<•»* •'ii^tK (w!» 1-0* F J k 3 l CVCLt — .3o000E*0S
W A T 11 j OF Til-yMAL 10 U S a l O N fNEH(Vr , luOOOt»01
h f A C r i C l OF COHi lN t l .uOt« IN MOOtL — — — — . 1 0 0 0 0 t * l » l
L I M I T I N G POwflK OtNS.TY (W/CC) . USE OF U u U ) - 0 .

nE*>Enoj> '-'"i -M[JUO> AiMf-> N O < I I » O P T I O N S .
PES1"FO I'Ô t** «MwT> I-CH CLASS 1 ZONtS — — — 0.
SAMt AS 00(S) MUl FOK CLASS 1 AND CLASb I 0.

70NFTS SUMM£u. FLIJA nn^USTF.D TO HlC>ntST
LEVEL TO MalNTAlN Ull<b> 0» DD(t>)

MAXIMUM PAVS t"*POSUH£ ANY CYCI.£ — — .SOOOOE + 04
C0«£ P0>«t» <V»T) FOw ALL HUT F1SST CYCLt - - — 0 .
LIMITING Avt* HtAVf MFTAL MwT/Mfc"T ÎC TON — .10000E*10

TE»MIMATlMi CYCLE
0ES1PED EM3-0F-CYCLt MJt MPL1CAT J(VN FAClOP - .lUOOOt'OK
DtSlRF.O ENO-OF-CYCLt FRACTION NEUTKOM LOSS - U.

IN CONWOL AasOWHiK
DAYS DE^LFIION TlMf aTti-' 1 . CYCLt. 1 .^U000E*02
DAYS OE^LFTION n«nt •*\i.r' />• CYCLt 1 .4OOOOE*O2
OAYS Ot^LETJON •VfiAlNINo TIMt STtPSt CYCLE. 1 - .tol)00OE*O2
SA>*F: AS L».")(li;) oUl HiH KhHAlNING CYCLES .^UOOOE*O2
SAME AS 00(13) 1U( FO* «t"AlNJN(> CYLLtb .*O000F»02
SAMF AS Of'(l<.) HUT rOK N £ M A 1 N I N G CYCLtS — — .(<U0COE*02
N/O=P"tMT ?OMK NUCL Ut^b FVt*Y NTH Ti'tt STE^- 1

/No
SAMF. AS IEOT( l ) nUl dY SUH^ONt. 0
N/O=P»NT T31 NUC!. ^EAC N A U S tVEHY N bTtPS/NO 1
SAME AS IEDT(3) OUT BY *0\>E ~ — 0
N/0=P»NT /;jNt f LUX £Vt*Y M STtPS/NO 1
M/O=PPMT ifONE PO«tK f!Vt«Y N STEPS/NO — - — — 1
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