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This documentation material describes recent additions and modifications _

made to the SCALE computational system. Combining this material with pre- 3
viously issued material will update the SCALE Manual to be consistent with 4

""

the latest publicly released version of SCALE, called SCALE-3 (see the
revised FOREWORD for code acquisition information). y.

If out-of-date material is replaced by the revised pages/ sections, the
"

Manual as published to date can be contained in five large-ring notebook .

binders. Sections F13-F14 and M12-M14 are entirely new sections of docu- _

"

-

mentation that should be placed in the Manual according to the revised mas-
N

'

ter Table of Contents. These new sections describe geometry and output
plot programs for use with HEATING 6, a printer plot program for the MARS _

combinatorial geometry, and a library of input data for analyzing benchmark Q
critical experiments. ]

The pages behind the " ERRATA AND REVISIONS" tab have been placed in , order
j of their correct sequential appearance in the Manual and should replace the Y
i corresponding pages or sections from previous releases. Besides the

,

revised master Table of Contents, this material includes Foreword, List of 2
Revisions (providing publication dates and revision dates for all parts of =

1

>
,

NUREG/CR-0200), corrected and revised pages necessary to update the various j
sections of the Manual to the SCALE-3 version, and a completely revised -

,

documentation for KENO V and JUNEBUG which have been updated to KENO V.a a,

and JUNEBUG-II. The existing tabs provided with earlier releases can still ]
be used. with these revised sections. KENO Y.a provides significantly =E'

improved geometric modeling capabilities over KENO V while JUNEBUG-II is an
-

J

4improved and more efficient version of 'the existing three-dimensional JUNE-
BUG plotting package. The revised pages reflect (1) changes to CSAS4 to m

allow interfacing with KENO V.a ~ and add two new analytic sequences, (2) g
changes to HTAS1 to update the defaults to 10CFR71 and add plotting capa- =
bilities, (3) changes to ORIGEN-S to add an improved evaluation of the neu- 1
tron source and allow data output. for subseque.nt plotting, (4) changes to 4

;- HORSE-SGC/S and MARS to improve tracking efficiency and correct known 9*

*

errors, and (5) addition of several materials to the Standard Composition .e
Library. },

P
.

i If there are any questions concerning this revision or any other portion of j-

'

the SCALE Manual, please contact me at (615) 574-5280 or (FTS) 624-5280. j"

m
0
=
2

C. V. Parks , ORNL R. H. Odegaarden, NRC 2.

SCALE Project Leader Technical Monitor ]

NOTE: Revised Sections H1 and Fil both contain microfiche. The microfiche _

(3p. for Sec. H1 and 8p. for Sec. F1l) will be provided under sepa-
rate cover at a later date, to be placed at the end of each section. "
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FORNORD FOR SCALE MANUAL
,

This manual describes a system of computer codes for performing-

Standardized Computer Analyses for Licensing Evaluation (SCALE). The
SCALE system was conceived and funded by the U. S. Nuclear Regulatory '

Commission to satisfy a strong need for a standardized method of"

analysis for the evaluation of nuclear fuel facility and package designs.:
- T: mas, the SCALE system will lead to a common understanding on how these '

designs will be evaluated by the NRC.
g
,

' ~ The overall goal of the SCALE project has been to develop easy-to-
use analytical sequences which are automated to perform the necessary
data processing (e.g., cross-section preparation) and manipulation of .

'

well-established computer codes (functional modules) required by the.
[[ 6equence. Thus, the user is , able to select an analytical sequence
; characterized by the type of analysis (oriticality, shielding, or heat

transfor) to be performed and the geometrio complexity of the system
being analyzed. The user then prepares a single set of input for the
control module corresponding to this analytical sequence. The control
module input is in terms of easily visualized engineering parameters

,
specified in a simplified, free-form format. The control modules use

i
.

this information to derive additional parameters and prepare the input

j for .each of the functional modules in the analytical sequence.g
; s Provisions have also been made to allow the user to exsoute the

functional modules on a stand-alone. basis. Stand-alone exemation ofj- -

the functional modules enables the SCALE system to be used for a wide
range of nuclear and thermal applications.

.

3 In developing the SCALE system, an attempt has been made to adhere
to certain. oriteria that would make SCALE an attractive computational '

j.
tool for both the novios and experienced analyst. Some of the criteria

,

y are to:

a) develop a system driver which mininimes the computer core and
y running time,
t
.t
; b) develop control modules which require only a simplified set of
.! input,
:

I c) develop control modules which automate and couple the data
j processing and systems analysis into standard analytical

sequences,
)
6

} d) provide self-contained and thorough documentation for the
entire system,2 - -

e) use'well-established functional- modules and data libraries
5, that have a wide range of applicability and a proven record of*

,U reliable performance.

xi
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-]The overall objective of following these criteria was to develop SCALE
as a system leading to analytical standardization. ,

The control modules available with SCALE are documented in Volume 1
of this manual.- The SCALE system contains a wide assortment of control | f.

-
'

modules for performing criticality, shielding, and heat transfer analy-
sis. 9 iticality Jafet7 D alysia lequences are referred to as- CSAST- ]

.

CSASn and are described in Sections C1-Cn. Likewise, the shielding and

. heat transfer analysis 7 sequences are called SAS1-SASn and HTA31-HTASn,
respectively and are described in Sections 31-Sn and H1-En, respectively.,

|

5

I Yolume 2 of this manual provides documentation for each of the
F well-established functional -modules -used within the SCALE system.

These sections are referred to as Sections F1-Fn. The functional modules |*

include codes for data and/or cross section preparation (e.g. BONAMI-S
.

i and NITAUL-5), criticality analysis (e.g. ISDRNPES, EEN4IY/S, EEN&Y),
shielding analysis (e.g. , -ISDRNPES and MORSS-SOC /S), heat transfer

;
| analysis (HEATING 6), and depletion analysis (ORIGEN-S).- The 'S'

attached to the name of some functional modules indicates that the code'

was originally developed outside of SCALE and modified for' use in' the
j SCALE system. The exception to this is the HEATING 6 code which is an

upgrade of HEATING 5.?
-

.

Volume 3 of this manual provides documentation for the miscella -
j. .neous (but impor tant) components of the SCALE system. These sections
p are referred to as Sections M1-Mn and include descriptions of the system e

''

driver, the subroutine library, the input systems, and the data,"

; asterial composition, and . property libraries. The data libraries -

as well
{- include a variety of well-established cross section libraries,

cas some new libraries-developed within the SCALE project.
, ' ' ,

'

The SCALI Manual is being released in a modular fashion; i.e., as |t
>-

' ' enen new component of the SCALE system is developed and released, a new
section will be added to the SCALE Manual. Also, the documentation is

g

3 released in looseleaf form so that as corrections and small revisions
are made to the various modules, new or revised pages can be easily
issued for the Manual. The List of Revisions issued with each release4

i of new documentation provides a list of the NRC publication dates for
[ sach new or revised section and/or pages.

I
i This SCALE system is being packaged and distributed by the Radiation

Shielding Information~ Center (RSIC), located at Oak Ridge National
-

i Laboratory. A limited versibn of SCALI (SCALE-0) was made available to
(. RSIC in July 1980. Significant revisions and additions have been made
j to SCALE and new versions were released as SCALE-1 in 1982 and SCALE-2
[

in 1983. This latest issuanoe of documentation should upgrade the exist-
ing documentation to match the SCALE-3 version of the system presently;

) being issued by RSIC. Only IBM versions of SCALE are currently available
-

( from RSIC with the exception of SCALE-0 for which a CDC version is
j available. Requests for the latest SCALI code package can be mailed to: i ,

)
.

:
' xii
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Radiation Shielding Information Center
Oak Ridge National Laboratory

. P.O. Box I
Oak Ridge, TN 37830

or telephoned to

Area code 615; 574-6176 or to FTS 624-6176.
,

C. Y. Parks ~
SCALE Project Leader
Oak Ridge National Laboratory
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AESTRACT
.

HEATPLOT-S is a temperature distribution plotting program that may be used with the
HEATING 5 or HEATING 6 generalized heat conduction codes. HTAIPLOT-S has the capability
of generating temperature contours, temperature-time profiles, and temperaturedi=*=ae= prordes
from the current HEATING 5/ HEATING 6 temperature distribution or from the temperature
changes relatm to the laitial temperature distribution. Contour plots may be generated for two or
thrWi===aia==1 models. Temperature thas and temperature 4 stance profiles may be generated
for one , two , or throedmansional models. HEATPLOT-S uses tbs DISSPLA (Display
Integrated Software System and Plotting Imguage) graphics package, and pseerstes a compressed

,

;

plot data set that can be stored an disk or routed to various plotting devices.
.,
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F13.1 INTRODUC110N AND CAPABILITIES
, .

This document has been developed to report the changes that have been made to the
HEATPLOT' computer program in order to make it compatible with the SCALE system. Much

- of the material in this document is taken from Ref.1. However, no other document is needed to
use this version of the program.

F13.1.1 INTRODUCTION

2HEATPLOT-S may be used with the HEATING 5 or HEATING 6 (see Sect. F10) general-
ized heat conduction codes to generate plots of temperature distributions. . HEATPLOT-S has the
capability of generating temperature contours, temperature-time profiles, and temperature-distance
profiles. The contours and temperature profiles may be generated from the current temperature
distribution or from temperature changes relative to the initial temperature distribution.
HEATPLOT S requires as input the data set created by using the plotting option of
HEATING 5/ HEATING 6 and user-supplied card image input data. HEATPLOT S determines
from the card image input data the temperature, time, and distance units, the types of plots gen-
ersted, how the plots are scaled, and the problem times for which the plots are generated. For tem-
perature contour plots HEATPLOT S determines the number of contours to be plotted, the planes
and region for which contours are plotted, and whether or not the axes are reversed and/or
switched. For temperature-time profile plots and temperature-distance profile plots HEATPLOT-S
determines the nodes or lines for which profiles are plotted and whether each prorde appears on a
separate plot or whether all prordes appear on one plot.

' F13.1.2 CAPABILrrIIS

HEATFLOT-S has the capability of generating temperature contours, temperature time pro.
, ,

files, and temperature-distance profiles for two. or threeJeal models. Temperature. time
and temperature-distance profiles may also be generated for c:" + al models.

3
. HEATPLOT-S uses the DISSPLA graphics package. A compressed plot data set is generated

that can be gorod on disk or routed to various plotting devices.

The lengths of the axes for the plots are input to the program. If the axis lengths are not speci-
fled or are specified as sero, default values of six inches are used for the horizontal and vertical
axes of all plots. The page size used in the horizontal direction is four laches greater than the
length of the horizontal axis. The page size used in the vertical direction is three inches greater
than the length of the vertical axis.

The temperature, time, and distance units are specified with up to four alphanumeric characters..

| The units are written in axis labels and in plot legends.

!
( HEATPLOT-S uses the job description from the HEATING 5/ HEATING 6 input as the title of
L all plots. Only the first 39 characters of the job description are used due to space limitations.

[ Corresponding Greek letters are written is the plot title if English letters are surrounded by ques-
tion marks in the job description. For example, including the characters ?P7 in the
HEATING 5/ HEATING 6 job description causes the character r to be written in the plot title.
'Iherefore, extraneous question marks should not be included in the HEATING 5/ HEATING 6 job.

,

|. description.
-

. .

| -

!

|
,

F13.1.1
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F13.1.2.1 Temperature Comours i

Tamperature contours may be generated for two. or three-di==aniaa=1 models. Contours may
- be generated of temperatures from the current temperature distribution or of temperature changes
relative to the initial temperature distribution. The ==mi=um number of contour values that can

; be plotted is fifty. . The contour values may be specined by the user or can be determined by the
'

program. If HEATFLOT-S determines the contour values, the miaimum and ==mi=um tempera-t

.
tures of the distribution to be plotted are computed, and the difference is computed and divided by

4 the number of contours to be generated. The resulting number is the interval between the contours
plotted. The value of the first contour plotted is the minimum temperature plus half the laterval

,

r. between the contours.

:4 .
Axis scaling factors for teenperature contour plots may be loput to HEAL? LOT-S. A scals fac-q .

ter is defined as the difference of the maximum and minimum axis values divided by the axis
length (or units per inch). For exampis, if the x-axis for a temperature contour plot is six inches

O long and begins at zero and as axis scaling factor of 10.0 is specined, the maximum value of the x-
axis is 60.0. If the axis scaling factors for temperature coetour plots are not specified or are speci-

, . fled as aero, the scaling factors are cate=l=wl by the program.

[ The times of the temperature distributions from which temperature contour plots 'ars generated
may be input to HEATPLOT-S. If no times are specified, temperature contour plots are geostated
for every temperature distribution on the HEATING 5/ HEATING 6 plot data set. Contour plots

]
are generated for a maximum of tweety times.

The region for which contours are plotted may be input to allow the user to plot contours for a
j selected portion of the HEATING 5/HEATIN06 model The region specined for which tempers- )
j ture contour plots are generated is also the region for which tem, __e ; "^= profile plots are

'

1 generated. The region is spacined by fles grid lies numbers of the HEATINOS/ HEATING 6
model If the region is not spacined, temperature contours and - .--a ; 9= pronies are4

] plotted for the entire specified plane. -

|_.

Whos plotties temperature contours for a W=I model, the user mest specify the'

g number of planes and their positions normal to the x, y, and z (or r, f, and 2) axes for which tem-
;3 perature contours are plotted. The positions of the planes are speciGed by fine grid lies numbers of

]. the HEATING 5/HEATIN06 modeL

[I HEATPLOT S draws indentations or holes if they appear la the region of the model for which
contours are plotted. However, as ladeotation is recossiaod only if there is a fine grid lias passinga

~

through the interior of the ladestation parallel to each axis.
~ '

|.
,

D 11m user may specify that any axis be reversed. The axis values will range from maximum to
taisianum instead of from minimum to maximum. The user may also specify that the axes be

.. '
switched. If the axes are switched, the vertical axis is draws horisontally and the horisontal axis is'

drawn vertically.

F13.1.2.2 Temperorure Time Proffles

Temperature. time profiles may be generated for one , two , or throvia===iaa=1 models. Pro-*

files of up to twenty nodes may be plotted. Nadal temperatures may be plotted or nodal tempera-
ture change from the initial nadal temperature may be plotted. Profiles of each node may appear

')on separate plots, or the profiles of all modes may appear os one plot.
-

-
.

_ . . . . .. .
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Axis scaling factors may be input for the time and/or temperature axis. If axis scaling factors
,

are not specified or are specified as zero, they are calculated by the program. The minimum and
maximum times for which temperature-time pronies are plotted may also be input. If the mini-'

- - mum and maximum times are not specified or are specifed as zero, temperatures at every problem
time are used. Temperatures at up to 100 problem times on the plot data set can be used.

The time aris of temperature-time pronies may be linear or logarithmic. If the time axis is log .
arithmic and the first problem time is aero, the user should input the minimum time to be the sec-
and problem time. If the time axis is losanthmic and the minimum time is aero, HENIPLOT-S
prints a warning message, and the plot may not be correct.

F13.1.2.3 Temperature-LMarance hojiles

Temperature.d>=emaca prordes may be generated for one , two , or three di aaaaia==3 models.
Current temperatures or temperature changes from the initial temperatures may be plotted. Pro-
rdes may appear on separate plots, or they may all appear os one plot. Temperature-distance pro.
files are generated for the same problem times and regma used for temperature contour plots.

Axis scaling factors may be laput for the temperature and/or distance axis. If axis scaling fac-
tors are not specifwd or are specified as aero, they are calculated by the program. The minimum
temperature to appear on the temperature axis may also be input. If the minimum temperature is
not specifwd or is specifwd as aero, it is also calculated by the program.

.

Tbs total number of profiles to be plotted parallel to each axis must be input. A maximum of
'

ten pronies can be plotted parallel to each axis. For tWi'a===ia==I problems, the flas grid line
,

- numbers along which tbs pronies are plotted are input. For WI problems, the flee
- grid line numbers which define the orthogonal planes along whose latersection the profiles are plot-

ted are input.
|

-

~

The distamos axis of temperature distance profile plots may be linear or logarithmic. If the dis-
tance axis is logarithmic and the minimum distaam for'the specified pronle is aero, HEATPLOT-S
prints a warning message and the plots may not be correct.
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F13.2 IAGICAL PROGRAM FLOW AND DESCRIPTION OF SUBROUTINES

" HEATPLOT4 initially reeds the user-supplied card image input data. Plotting parameters
such as page sias and axis lengths that are unchanged for all plots are then defined. Based on the
card image input data, HEATPLOT4 then determines the borders of the region for which plots
are generated, and the proper plot data set temperatures are stored la arrays for the problem tunes,,

modes, med lines for which plots are generated. Temperature contour plots, if desired, are generated
first. Temperatur= di=*== profile plots, if desired, are then generated. Finally, teanperature. time
profile plots, 'if desired, are generated. The calling sequence of routines is depicted la

,

' Fig. F13.11.

F13.2.1 DESCRIFIlON OF SUBROUTINES IN HEATFLOT-S
:

BLOCK DATA fadialinas variables in labeled -- blocks NPOINT and NOPROF. Vari-
i abies initinhand la comunen block NPOINT contain the maximum aumber of

nodes la the plot data set, the maximum number of r, f, or z values la the plot
'

data set, and the ===imum number of values to be plotted on any horizontal and
vertical axis. Variables initialimad in common block NOPROF contain tbs maxi-'

mum number of prordes to be geostated, the manimum number of r, f, or z
values to be used for temperature d=e=ar= profiles, and the manimum number of
times for which profiles are generated. -

MAIN - Directs ALOCAT (see Sect. Mill) to call subroutine ALCHTP.

ALCHTP- Serves as an interface between the HEATPLOT4 mais routine and other sub-'

routines. Determines if the regios sias specified to execute HEATPLOT4 is
,

) large enough bened on the values of variables assigned in BLOCK DATA.
;

[ BORDER - Used in temperature cantour plots to deflee the outer border of the region for
which temperature contour lines are generated.

CONDRW- Generates all temperature contour lines.

CONTIN - Calls subroutines to store the proper temperature data for and to generats ;
# ^ . e ; _ -- = profue plots and tasaperature.thme profile plots."

t

j DFINEN - Sets flags to denote which regions are lacluded la the plots.

] ECHO - Reeds card image input data from imit 5, and lists card images on unit 6. Puts
'END' at the and of the appropriate card images and writse the resulting card

;

images to unit 4;

FIXLAX - Sets flags to determine which axes are reversed.

| HEATPL - Performs inietanientia== and calls subroutines to store the proper temperature

i data for and to generate temperature contour plots. Calls CONTIN to generate
! - n aw " ^-- profue and temperature. time profile plots.

.

'

HOLES 4 - Determines the arrays that define temperature contour lines.
.

HTFLMN - Performs variable di====3amiat of arrays and calls HEATPL to generate plots.

INPLT - Inputs user-supplied card image input data and writes messages describing theI

laput data.

INSERU - Places the literals to be used as plot labels in the UNITS array inside
, . -

| . '' .. . .

!
4

i F13.11
,

,

9

+ +
* he e-

e m.s. e. ,.w 4_.-. --. ...w ...- _ -.y-w- ry,,,,-.r,.--- . . - - . _%.,w p.m.v%%_.y,-,..ws,,,,,,-..,.---$ww.%,-i.--,.,w--, .. -w%. ,-ee.-wy-e.g-,-ww.-



'

. . - . - s. um w . :.. - . . . , c c- . _.,,;,,._.,_._, . . _ _ _ _ _ _ , _ _ _,.

.

IN E*'"'"#"'**~****>

h
ALCHTP

I-

I i

ECHO HTPLMN

,

HEATPL ,

I
*

t t t t

: CONTIN SCALE BORDER HOLE 34 DFINEN +- t

''
I I I | |NPLT |+- E,

i U.
n t.

REVERS +-
-* INSERU LABEL CONDRW

| SETPRF --
'

-* SETTTP | PTORDR j
,

| SETLAB +-'

-, SCALTP FIXLAX|

I | SETTP |+-i

I MAXMIN
SETXY *-

}
*

ROUND

i
'

|

J

Fig. Fl3.2.1 General flow chart of HEATPLOT-S
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t F13.2.3

.

LABEL - Draws and labelt the axes, writes the heading, and seeerates the legend for each

plot.
.

MAXMIN - Determines the maximum and minimum values of the array received in the argu-

meat list.:

FTORDR- Puts x-coordmate values la ascending order for temperature contour plots.

REVERS- Reverses the values on any axis for which values are reversed.

ROUND- Performs rounding of the minusum and maximum axis values based on the mini--

mum and maximum direction array values."

'

. . - _ SCALE- rele=1=e== the minimum and maximum values of the arrays to be plotted and
calculates scaling factors for the hansantal and vertical axes.

e
SCALTP - Calls subroutines to perform axis scaling and generates curves for temperature-

!, distance profile and temperature. time profile plots.

) SETLAB - Determines the proper axis labels to be wntten dependag on the type of plot

;} being generated. ,

SETPRF - Finds the nodes which lie on the line whose prords will be plotM and stores the
correct temperatures in arrays.-

SETTP - Stores the correct temperatures in arrays depending on which plans is used forj.

i plotting for thr== di==aaianal models.

SETITP - Stores temperatures is arrays for temperature-time prorde plots.

; SETXY . Sets values for the horisontal and vertical axes depending on the type of plot

; ),. . being gaaerated.

:i
~

F13.2.2 OAK RIDGE SYSTEMS ROUTDES USED BY HEATFLUT 8j-
.

i.
HEATPLOT-S calls Oak Ridge systems subroutines CORE, IDAY, and JOBNUM, and calls,- .

;I- Oak Rides systems function ICOMPA. These routines are all described in Table F10.4.2.
p'
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F13.3 INPUT DESCRIPTION FOR HEATPLOT-S

F13.3.1 INTRODUCTION
.

The input data for HEATPLOT-S are read using the SCALE free-form reading routines (see
Sect. M3) which anow data to be entered la an unformatted ==anar. Data items can begin or
end anywhere in columas 1 through 80. If the data for s particular data record will not fit on one
card, the character 'O' must appear in colema 1 of each continuation card. There is no limit to the
number of continuation cards that can be used. HEATPLOT-S uses the SCANON feature of the
SCALE free. form reading routines, and the characters 'END' are writtaa at the end of each card
image that does not specify coatmaation. Therefore, trading data items that are omitted for a card '
image are treated as aeroes. A ca==aat card can be specified la the input stream by placing an
astensk in column 1 of a card image. In order to access HEATPLOT-S via SCALE, a card image.

containing either =HEATPLOT or fHEATPLOT, beginning in the Erst column, must precede the
card image input data. A card image containing END, beginning in the first column, must fouow
the card image input data (see Sect. F13.A).

De following discussion concerning the free-form loput data was taken from Sect. M3 after
minor revisions. For HEATPLO"I S, any alphanumeric entry is terminated by one blank. Any
numenc data entry is terminated when a blank or a comma is encountered. A comma must imme-
distely follow the number if it is used as a termmator. De use of an E as an exponent does allow
a single embedded blank after the E. Aa apa==at is limited to two digits, and the number being
read is ter===aamd with the second digit. For this case only, therefore, another number can be
started i==adiandy fouowing the second digit of the exposest without sa latervening blank orj S..

j ;)~ conuna. D=eimal data may be entered as la FORTRAN input; e.g., 1.733-4,1.733E 04, or
' O.0001733 are the same as 1.733 x 109 1.733+4,1.733E+4,1.733E4, and 17330.0 are the

same as 1.733 x 10.* Integers may be entered for floating point data (Le.,10 will be laterpreted4

as 10.0). Similarly, floating point data may be entered for integers. Thus,1.733E+4 would be
interpreted as 17330 and 1.733E-4 would be interpreted as zero. De free form routines have pro-.

,

,

visions for multiple entries of the same data value. This is does by entering the number of repeats,

"]
fouowed by as R, *, or 5, fouowed by the data value to be repeated. For example,5R2,5*2, or
552 enters five successive 2's in the input data. Blanks are not allowed between the number of

j repeats and the repeat flag (R, *,5). However, a blank is anowed between the repeat flag and the
'

data item to be repeated.

F13.3.2 AXIS LENGTHS DATA RECORD
L

| Both entries for this data record are floating point numbers. His data record must be included.

..

XAX - De length of the bonzontal axis la inches. If XAX is specified as zero, the default
!; length of the horizontal axis is six laches.

.

De length of the vertical axis la inches. If YAX is specified as aero, the default lengthYAX-;
! of the vertical axis is six inches.

- - - -
- _- . .. . . . . .

, ,.,

e

e

F'13.3.1
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F13.3.2

i. F13.3.3 INPUT PARAMETERS DATA RECORD 1 .s
)n

._ All entries for this data record are lategers. This data record must be included.
*

,

NL- The number of temperatu'E~ contour values to be plot 5 is equal to the absolute.

value of NL, which cannot exceed 50.
.

< 0 Contour values are calculated by HEATPLOT-S.
= 0 No contour plots are generated.

,

6 > 0 Contour values are read from the CONTOUR VALUES data record.
m

NTIME '- The number of problem times for which contours and temy e .,iist. 4 profues, !'
.

if desired, are plotted. NTIME cannot exceed 20.'

3 = 0 All problem times are used.
> 0 Problem times are reed from the PLOT TIMES data record.r

y
NPLANE(1) - The number of y-z or 6.z planes for which contours are plotted if the problem is

==8thrWi====ianal Enter zero if the problem is not three "-
NPLANE(1) cannot *=ca=1 10.g

NPLANE(2) - The oumber of x z or r-z planes for which contours are plotted if the problem is.

thrd==aaianal Enter zero if the problem is not three de=anaianalo

NFLANE(2) cannot exceed 10.

NPLANE(3) - The number of x-y or r-d planes for which contours are plotted if the problem is
Wat Enter - zero if the problem is not Wal*

? NFLANE(3) cannot exceed 10.

] ITMVI? -~ The number of modes for which temperature.tiam profGss are plotted is equal to the
absolute value of ITMVTP, which cannot exceed 20. The mode numbers are read -

:

N from the NODES data record. ,

3
'

< 0 Temperatures for all specified modes are plotted on ces plot.

]J
,

= 0 No temperature-time profDss are generated. !
'

> 0 Temperatures for specified modes are plotted oss made per plot.;,
.i

LPLOT - Flag for ^- - ;- e ; "-^== profBes.
|,.

E < 0 Profiles along a line at every problem time are plotted as one plot.
- 0 No temperature din =aca profDes are generated.

i > 0 A profile along a lies for each problem time is plotted on a separate plot.

h IRISCN - Flag to plot temperature changes for contour plots.

(.
f. ! = 0 If NL is sonsero, temperature contours are plotted.

. ___ , _ __ ,
= 1 If NL is acesero, contours of temperature changes relative to the laitial tem-

. . . -

parature distrfisIntion are plotted.
. . - - - -

} IRISTM - Flag to plot temperature changes for temperature-thee profue p?ots.

t .-

p = 0 If ITMVTP is acesero, temperatures are plotted. .

- 1 If ITMVTP is acesero, tempereture changes are plotted."

( IRISDS - Flag to plot temperature changes for temperature-distance profue plots.

|: A
L = 0 If LPLOT is noemero, temperatures are plotted. )
I, = 1 If LPLOT is nonsero, temperature changes are plotted.

|
- - - . . . . >

c

t
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F13.3.4 INPUT PARAMETERS DATA RECORD 2

All entries for this data record are integers. This data record must be included.
.

| - .NSCAL- Scahng factor flag. -

= 0 Scaling factors are computed by HENIPLOT-S.'

- 1 Scahng factors are read from SCALING FACTORS data records 1 and 2.

LREG - Flag to specify region for which temperature contours and temy A.-distance
profuss am plotted.r

v
f

= 0 Plots am drawn for the entire repos of each plane specdled.L

0 = 1 'Ibe repos is read from the PLOT REGION data record. |

LREV(1)- Flag to reverse x-axis of temperature contour plots.
,

L
= 0 X-axis ranges from minimum to man =um.
- 1 X-axis ranges from maximum to minimum.

LREV(2) - Flag to reverse y-axis of temperature contour plots.

- 0 Y-axis ranges from minimum to maximum.
- 1 Y-axis ranges from maximum to minunum.

;, LREV(3) - Flag to reverse x-axis of temperature contour plots.
D

h '

= 1 Z axis ranges from maximum to miessum.
= 0 Z-axis ranges from minimum to ~ l~ ~

J}
LAX (1) - Flag to switch the y and z axes of temperature costoor plots."

;< - = 0 Axes are not switched.
= 1 Axes are switched. -

e

!} LAX (2)- Flag to switch the x and z axes of temperature contour plots.

- 0 Axes are not switched.
= 1 Axes are switched.

7 LAX (3) - Flag to switch the x and y axes of temperature contour plots.

f

= 0 Axes are not switched.
= 1 Axes are switched.

LOGTIM . Flag to specify logarithmic seals for the time axis of temperature. time profGo plots.

.

d = 0 Linear seals is used.
A = 1 f_ ; " scels is used. The minimum time should not be aero.*-

LOODIS - Flag to specify a S;- "--' scale for the distance axis of temperaturedistance .

profile plots..

'

= 0 Linear scale is used.
. _ _

= 1 Logarithmic scale is used. The minimum di=*=ae= should not be zero.

.

. _ _ _ _ . . . . _ _ .__._,__.,,,,,___.,,._,m_ . _ ,
_.,.'P* _ . _ _ _ . . _ , . _ . _ . _ . _ . _ _ _ _ _ _ . ,_ , . . _ _ _ . _ _ ___. . . , _ ___ __

.
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F13.3.5 PROBLEM UNITS DATA RECORD J
'

.

All entries for this data record are alphanumeric. Each entry can contain a maximum of four i

characters. This data record must be included.
I

(, UNITS (l)- - Time units for axis labels and plot legends.

; UNITS (2)- Temperature units for axis labels and plot legends.

/ UNTIS(3)- Distance units for axis labels and plot legends.

F13.3.6 COlWUR VALUES DATA RECORD

All entries for this data record are floating point numbers. Omit & data record if NL is not^

positive.

VALUE(I),I-1,NL - Contour values to be plotted.

$
,

F13.3.7 PIAyr TIMES DATA RECORD

$
All entries for % data record are floating point numbers. Omit this data record if NTIME is

zero..

TIME (I),I-1,NTIME - The problem times for which temperature contours and temperature-'

h
d=*-* profiles are generated. If the time input is not a time on the
temperature distritmtion plot data set, the time on the' data set closest

a~
|: to the input time is used. .

.i
,

i F13.3.3 X OUTPUT PLANES DATA RECORD '

i

J All entries for this data record are integers. Omit this data record if NPLANE(1) is zero.

k ' IPLANE(I,1),I-1,NPLANE(1) - The numbers of the fine grid lines on the x axis of the
i HEATING 5/ HEATING 6 model for which y-z or #-z contours

[
are plotted.

; F13.3.9 Y OUTPUT PLANES DATA RECORD
B

All entries for this data record are integers. Omit this data record if NPLANE(2) is zero.

j IPLANE(I,2)J-1,NPLANE(2).- The numbers of the fine grid lines on the y-axis of the
j' HEATING 5/ HEATING 6 model for which x-z or r-z contours
j are plotted.

a
F13.3.10 Z OUTPUT PLANES DATA RECORD"

~

All entries for this data record are integers. Omit this data record if NPLANE(3) is zero.
:

IPLANE(I,3)J-1,NPLANE(3) The numbers of the fine grid lines on the z-axis of the;
HEATING 5/ HEATING 6 model for which x y or r-# contoursg.
888 plotted.

-

3

. . - -

!I I

1
*

!

.
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.

I13.3.11 3CALING FACTORS DATA RECORD 1
|

All entries for this data record are floating point numbers. HEATPLOT-S computes the values
for any entries whose input value is zero. Omit this data record if NSCAL is zero.

_

The scaling factor in units per inch for the x-axis for temperature contour plots.RSCN.-

THSCAL- De scaling factor in units per inch for the y-axis for temperature contour plots.

ZSCAL - De scahng factor in units per inch for the z-axis for temperature contour plots.

DSCAL - De scaling factor in units per inch for the A=*=aca axis of temperature-distance
Profile plots.

TSCAL - The scaling factor in units per inch for the temperature axis of temperature-distance

Profile P ots.l

TVDMIN - The minimum temperature for temperature-distance prorde plots.

F13.3.12 SCALING FACTORS DATA RECORD 2

All entries for this data record are floating point numbers. HEATPLOT-S computes the values
AN any entries whose input value is zero. Omit this data record if NSCAL is zero.

TMSCAL - The scaling factor in units per inch for the time axis of temperature-time profile

i. lPots.

I TPSCAL - De scaling factor in units per inch for the tanperature axis of temperature-time

| _ ,- Profile plots.

! 5 TVTMIN - De minimum temperature to appear on the temperature axis for temperature-time
Prorm i n is. .

TIMM.'N - The minimum time for temperature time prorde plots.

3
- TIMMAX - The ==rimum time for temperature-time prorde plots.

F13.3.13 PLOT REGION DATA RECORD
!

l. All entries for this data record are integers. Omit this data record if LREG is zero.

NB(1)- The number of the fine grid line of the minimum x value in the region.'

NE(1)- The number of the fine grid line of the maximum x value in the region.

NB(2) - The number of the fine grid line of the minimum y value in the region.
'

j- NE(2)- De number of the fine grid line of the maximum y value in the regiou.

NB(3) ' The number of the fine grid line of the mmimum z value in the region.

- NE(3)- De number of the fine grid line of the marsmum z value in the region.
;

- F13.3.14 NODES DATA RECORD
,

All entries for this data record are integers. Omit this data record if ITMVTP is zero.-

I' ' NODE (I),I-1, ABS (ITMVTP) - The numbers of the nodes for which temperature time prordes

;. .''' W- .. .. .. - . .

V

5
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F13.3.6

1 -

' F13.3.15 NUMBER OF PROFILES DATA RECORD
'

All entries for this data record are integers. Omit this data record if LPLOT is zero, or if the
problem is one-dimensional. . 'Ihe default manmum total number of prordes generated is ten as.

defined in BLOCK DATA. This number may be overndden in a user-supphed BLOCK DATA
routiac (see Appendix F13.A).

| , NPRFIL(1) - The number of temperaturessM prordes plotted parallel to the x-axis or nor-
~

mal to the y-z plane for two- or thWi=*anianal models.g

NPRFIL(2) - The number of temperature-distance prordes plotted parallel to the y-axis or nor-

! mal to the x-z plane far two- or ttm M --- =1 models.

NPRFIL(3) - 'Ihc number of temperature *=aca profiles plotten parallel to the z-axis or nor- ,

mal to the x _y plane for_t.w._o or t.h.r". _ _ .iaa=1 models.____ __ _ . . _ _ _ _ _ _s
_ --- . _ - . _ _ _ _ _g __ _

- .

] F13.3.16 X PROFILES DATA RECORD
1 .

All entries for this data record are integers. Omit this data record if NPRFIL(1) is zero.'

) INDEXI(IJ),INDEXI(2J)J- 1,NPRFIL(1) - The numbers of the fine grid lines of the y and z
axes, respectively, which derme the x-z and x-y
planes whoes intersection is the line along which
temperature-distance prordes are plotted parallel

| to the x-axis. For t=a dia===ia==1 problems, the

U number of the fine grid line for the missing axis
fi (y or z) must be one or zero.

a.
fbo

j F13.3.17 Y PROFILES DATA RECORD

All entries for this data record are integers. Omit this data record if NPRFIL(2) is zero.

INDEX2(IJ),INDEX2(2J)J- 1,NPRFIL(2) - 'Ibe niunbers of the fine grid lines of the x and z
; axes, respectively,'which derme the y-z and x-y

7 ; planes whose intersection is the line along which
temperaturo<iistance prordes are plotted parallel

^

t

O + to the y-axis. For twuiimensional problems, the
y number of the fine grid line for the missing axis
j (x or z) must be one or zero.
r

F13.3.18 Z PROFILES DATA RECORDo
3-

$ All entries for this data record are integers. ' Omit this data record if NPRFIL(3) is zero.

l INDEX3(lJ),fNDEX3(2J)J- 1,NPRFIL(3) - The number of the fine grid lines of the.x and y
4> axes, reapoctavely, which define the y-z sad x z

-

.i planes whose intersectice is the line along which
h temperaturo<hstance profiles are plotted parallel

to the z-axis. . For twMi===h=1 problems, the -
number of the fine grid line for the minaing axis .

(x or y) must be one or zero.
q

x-
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F13.4 SAMPLE PROBLEMS FOR HEATPLGI'-S

This section contains two sample problems using a threeZ=='==al x-y z HEATING 6 model
;

- to demonstrate the use of HEATPLOT-S. The input data used for each problem are hsted, as is
the output generated by HEATPLOT-S. Plots generated by HEATPLOT-S are also shown.

For the first sample problem, three temperature contours are generated for the x-y plane located
at the first z fine grid line. The contour values are computed by the program. Temperature-

'

distance profiles are generated along two lines parallel to the z-axis. The first line is located at the
p intersection of the x-z plane at the earnad x fine grid line and the y-z plane at the fourth y fine grid

L line. The second line is located at the intersectice of the x z plane at the fifth x fine grid line and
the y-z plans at the ninth y fine grid line. Temperature contours and temperature-dastanos profiles
are generated using the temperature distribution at the problem time of. 0.19179 =arande
Temperature-time profiles are generated on one plot for three nodes for all problem times. All scal-
ing factors are computed by the program. Input for this problem is shown in Fig. F13.4.1. Out-,

! put generated for this problem is shown in Fig. F13.4.2. The four plots generated for this prob.
" lem are shown in Fig. F13.4.3.

The same temperature contours are generated for the second sample problem as for the first
sample problem. However, the x-axis for the. temperature contour plot is reversed, and a scaling
factor of 0.2 units per inch is input for the x axis for the temperature contour plot. The contours-

are generated for the region between the third and sixth x fine grid lines, the first and eleventh yyj fine grid lines, and for all nine z fine grid lines. For the second sample problem, temperaturo-time
ti profiles are generated for temperaturs changes relative, to the initial temperature distribution. A

. _ ,

yy scaling factor of 10.0 units per inch is input for the temperature axis, and the minimum tempers-

i ture change is specified as -55 degrees. No temy .i Annar= profiles are generated for the sec-
ond sample problem. Input for this problem is shown in Fig. F13.4.4. Output generated for thisif -

~

i problem is shown in Fig. F13.4.5. The two plots generated for this problem are shown in
j Fig. F13.4.6..

.!
_ .

.
_ . . . - - - - - . -- - -

,.

r.,'

,

9

|

#]
: -
.

1
h

e

&

.

g *N-

F13.4.1
.

,
*9"F. g . =wz <ew + e

, n - .-. - - , . - . . - .... ..- . . - . . - - . . , . . . . . , . - . - - - . , . . . - - - - - - - - - - - - - - - - --- - - . . . -



. . _ . . . . . _ . -

..

F13.4.2

,

)

-

t: .

4

:
,

3- .

.

'. * AXIS LENGTHS DATA RECORD
' 2*6.0

* INPUT PARAMETERS DATA RECORD 1
-3,1,0,0,1.-3,-l i
* INPUT PANAMETERS DATA RECORD 2
0
* PROBLEM UNITS DATA RECORD
SEC C CM
* PROBLEM TIMES DATA RECORD

<

] 0.19179
* Z OUTPUT PLANES DATA RECORD h.I.i-
* NODES DATA RECORDq.
100,200,300'

* NUMBER OF PROFILES DATA RECORD

i .

2*0,2
'

! * Z PROFILES DATA RECORD
1 2,4,5,9'

.! .- - - - ._ __. _ __ _ ... ._ _ ._ .

! -

.' Fig. F13.4.1 Input data for sample problem 1
. . . . . .

S

'4
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? THE LENGTH OF THE X-AXIS WILL BE 6.00 INCHES

i THE LENGTH OF THE Y-AXIS WILL BE &00 INCHES

JOB DESCRIFTION S#l 3DTA/8S/H=.04,L.A.W ROOF,KNOBJLR.E=.34,TC=T2,8-22-43 PLOT 4/12/84
GEOMETRY TYPE NUMBER - 6(OR XYZ )

.,'~
DATE OF RUN 0717-44
JOB NAME - CLIHPISC
NUMBER OF NODES - 684
TOTAL NUMBER OF BOUNDARY CONDITIONS - 9

;

THE CONTOUR VALUES ARE CALCULATED BY THE PROGRAM4
'

THE NUMBER OF CONTOURS TO BE PLOTTED IS 3
.

THE NUMBER OF TIME STEPS TO BE PIDTTED IS I
THE TIME POSITIONS ARE: 1.9179E 01

0 ?%

] '.)
THE NUMBER OF Z-PIANES TO BE PLOTTED IS I.

. THE VALUES OF THE PIANE TO BE PLOTTED ARE: 1

'

ALL SCALE FACTORS WILL BE COMPUTED BY THE PROGRAM
.

.

.

fi UNITS .
i TIME IS IN SEC
ij TEMPERATt.c J.IS IN DEGREES C

DISTANCE IS IN CM

. . _ - .

.

. .

Fig. F13.4.2 Output for sample problem I

, -
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F13.4.4
l

THE REGION OF THE GRAPH IS NOT SPECIFIED IN THE INPUT
' ).

INDEX DESCRIBING REGION FOR WHICH TO PLOT CONTOURS
BEGIN X 1 END X 7
BEGIN Y I END Y 15
BEGIN Z l END Z 9

THERE ARE 7 X (OR R) VALUES:
0.0 7.62000D41 1.01600D+00 1.27000D+00 1.77900D+00 '

1.96850D+00 i Sm+00

- THERE ARE 15 Y(OR TH) VALUES:
I .l.24000D41 -1.00000D.03 0.0 1.27000D+00 1.52400D+00

2.82575D+00 4.11750D+00 5.42925D+00 6.73100D+00 6.98500D+00
3

8.636000+00 1.19380D+01 1.52400D+0! 1.65100D+01 1.94000D+01
4

THERE ARE 9 Z VALUES:
3 0.0 9.50000D41 - 1.82500C+00 2.70000D+00 3.57500D+00

4.45000D+00 2.38000D+01 4.31500D+ 0! 6.25000D+01.

.

-

MI

TEMPERATURE-TIME PROFILES WILL BE PLOTTED FOR 3 NODES ON ONE GRAPH
NODES TO BE PLOTTED FOR TEMPERATURE-11ME PROFILES 100 200 300-

THERE WILL BE 2 TEMPERATURE-DISTANCE PROFILES PLOTTED FOR DISTANCES PARALLEL*

TO THE Z AXIS. OR NORMAL TO THE X Y OR R TH PLANES
WITH ALL TIME STEPS ON ONE GRAPH-

THE INDICES OF THE PLANES WHOSE INTERSECTION DEFINES THE LINE ALONG .
,

WHICH THE PROFILES ARE PLOTTED POLLOW:

| NUMBER X-PLANE Y-PLANE
' .I 2 4 f.:

"'
2 5 9

PROFIL NO.= 1
1

1- NODE NO. . RADIUS l

23 OLO
I

120 9.50000D41
217 1.82500D+00
314 2.70000D+003
411 3.57500D+00 |

*
'

508 4.45000D+00
TOTAL NUMBER OF NODES 6 |-

] |

l. PROFIL NO.= 2
.

NODE NO. RADIUS*

;i 61 0.0

]. ISS 9.50000D 01

4- 255 1.82500D+00
0 352 2.70000D+00

j 449 3.57500D+00
. 546 4.45000D+00

{ TUTAL NUMBER OF NODES 6
-

. .

i
- ,

- -- .. _ ... _- - -

..
,

' ~ ~ " - ~

Fig. F13.4.2 (continued) /.]
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F13.4.9

.

,

' * AXIS LENGTHS DATA RECORD
2*6.0

* INPUT PARAMETERS DATA RECORD 1
'' -3,1,0,0,1, 3,0,0,1
'

* INPUT PARAMETERS DATA RECORD 2
3*1
* PROBLEM UNITS DATA RECORDr

0 SEC C CM
* PROBLEM TIMES DATA RECORD*

0.19179 .

* Z OUTPUT PLANES DATA RECORD
1

* SCALING FACTORS DATA RECORD 1
0.2
* SCALING FACTORS DATA RECORD 2 -'

'i 0.0,10.0, 55.0
' * PLOT REGION DATA RECORD,

i - D 3,6,1,11,1,9

* NODES DATA RECORD (NOTE CONTINUATION)-

,

100,
,;

'
; 4200,

~

4300-

l
:!
4
::

Fig. F13.4.4 Input data for sample problem 2
.
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F13.4.10

)
.

.

THE LENGTH OF THE X-AXIS WILL BE 6.00 INCHES
THE LENGTH OF THE Y AXIS WILL BE 6.00 INCHES,

JOB DESCRIPTION . Sdl 3DTA/8S/H=.04,LA.W ROOF, KNOB.ER,E=.34.TC=T2,8-22-43 PLOT 4/12/84'

OEOMETRY TYPE NUMBER - 6(OR XYZ )'

DATE OF RUN - 0717-84
JOB NAME. CLIHP2SC
NUMBER OF NODES . 684

)i - TOTAL NUMBER OF BOUNDARY CONDITIONS . 9'

6
o THE CONTOUR VALUES ARE CALCULATED BY THE PROGRAM

THE NUMBER OF CONTOURS TO BE PLOITED IS 3

THE NUMBER OF TIME STl?S TO B6 PLOITED IS I
[ THE TIME POSITICNS ARE I.9179E 01

THE NUMBER OF Z PLANES TO BE PLOTTED IS I
THE VALUES OF THE PLANE TO BE PLOTTED ARE: 1

P

THE SCALE FACTORS ARE READ BY THE PROGRAM
THOSE EQUAL TO ZERO ARE COMPUTED

THE INPUT SCALE FACTORS FOR THE CONTOUR PLOTS ARE:

)' X OR R 2.0000E 01
?

Y OR TH 0.0*

| Z E0
*

r, . . _ . ,

f . .
THE INPUT SCALE FACTORS FOR THE TEMPERATURE TIME PROFILES.ARE: ,

_

p TIME 0.0
TE'4PERATURE I.0000E+01'

MINIMUM TEMPERATURE 3.5000E+0!
,

} , ,
, MINIMUM TIME 0.0

,
MAXIMUM TIME 0.0 ,

7 TIE INPUT,1CALE FACTORS POR THE TEMPERAIURE DISTANCE PROFILES ARE:
DISTANCE 40
TEMPE.XATURE 0.0

,

i , _ ., , ,
MINIML'M TEMPERATURE 0.0 ,, ,, ._

THE X (OR R) AXIS WILL BE FROM MAXIMUM TO MINIMUM
!

;
- UNITS -

TIME IS IN SEC
TEMPERATURE IS IN DEOREES C

,

DISTANCE IS IN CM> '

e '

I
i

1

: \*

; .

k I

.
\

.

Fig. F13A.5 Output for sample problem 2

, _ , _ _ _ ,
. . _ . . _ ;. . .

. _ . . _ __ _ _ _ _ _ _ _ . . , , . . . , . . _ . . _ . . . _ _ _ , . . _ . . -
_
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F13.4.11

*
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.
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"

THE REGION OF THE GRAPH IS SPECIFIED IN THE INPUT

I INDEX DESCRIBING REGION FOR WHICH TO PLOT CONTOURS
BEGIN X 3 END X 6,

BEGIN Y I END Y 11-

BEGIN Z l END Z 9
!

THERE ARE 7 X (OR R) VALUES:
0.0 7.62000D-01 1.01600D+00 1.27000D+00 1.77800D+00
l.96850D+00 2.54000D+00'

THERE ARE 15 Y (OR TH) val.UES:
1.24000D-01 -1.00000D 13 0.0 1.27000D+00 1.52400D+00
2.82575D+00 4.12750D +00 5.42925D+00 6.73100D+00 6.98500D+00
8.63600D+00 1.19380D+01 1.52400D+01 1.65100D+01 1.94000D+01

>

0 THERE ARE 9 Z VALUES:
0.0 9.50000D-01 1.82500D+00 2.70000D+00 3.57500D+00j .

4.45000D+00 2.38000D+0! 4.31500D+01 6.25000D+01

-
.

||
: TEMPERATURE-TIME PROFILES WILL BE MADE OF TEMPERATURE CHANGES
[i FOR 3 NODES ON ONE GRAPH

NODES TO BE PLOTTED FOR TEMPERATURE-TIME PROFILES 100 200 300

.

E Fig. F13.4.5 (continued)
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ORNL DWG. 84-16893

Sa 1 30TA/8S/H . 04, L. ft W ROOF, KNOB, E. R, E-
M

i . . TitCISECl- 1.92aI0''"g
TRf1NSIENT
DELTflT- 1.89=10''

:= 2 - 0.00,

.

w-
- - w: CONTOUR VflLUESICI

*
LEGEND

1 '

o- 6.17967E+02 m
o- 2.74612E+02+

'

a- 9.61322E+02 P
_ .*
5@ *'

t ,- -

,

's
I
h. -

f4

i

' R -

a ,

; g.j l
' '

i

5
-

[' . . . . s e

1.968 l.768 1.568 l. M l.168 0.968 0.768

XICM)

___

Fig. Fl3.4.6 Plots generated for sample problesa 2
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FI3.A APPENDIX A - CONTROL CARDS FOR EXECUTING
*

HEATPL(FT-S ON THE OAK RIDGE IBM SYSTEMS

The H?.AULOT-S module is part of the SCALE system at the computing centers at both Oak-

Ridge National Laboratory (ORNL) and Oak Ridge Gaseous Diffusion Plant (ORGDP). 7V
; . appendit discusses the job control lacguage (JCL) which is required to execute this version of

HEATPLOT-S. Examples of JCL are presented which show how to execute HEATPLOT-S and'

generate plots on CALCOMP plottus at ORNL and ORGDP and on Versatec plotters at ORNL.
- An ===ple of JCL which shows Iv>w to generate a compressed plot file and route the file to the
'. user's PDP-10 area is also presented. For additional information concerning JCL and plotting dev-

'

.; ices, the user is referred to the CSD Fisgree -.c's Notebook * and the CS Graphics Manual 8
p
j The control cards necessary to, generate plots on a CALCOMP plotter using this version of
v HEATPLOT-S at ORNL rad ORGDP ans shown in Fig. F13.A.1 and Fig. F13.A.2, respec-

tively. De joboame field on the JOB statement has a format of -u---- . where uid is the three--

E, letter user identification assigned to the user by CTD, and the characters xxxxx'may be up to five
characters which make the job name unique. The charge field, ccccc, contains a four- or five-digit,

ii CTD charge number. The programmer name f~ield contains information such as the user's name
~

is and address which is necessary to route the job output back to the user. This field may contain up
.

to twenty characters. The data set name assigned to the plot data set generated by''

i: HEATING 5/ HEATING 6 replaces the characters ' HEATING plot data set.' All examples assume
that the plot data set was cataloged when it was wntten by HEATING 5/ HEATING 6.

y The control cards necessary to generate plots on an 11 inch Versatec plotter at ORNL using

[ @_ this version of HEATPLOT-S are shown in Fig. F13.A.3. These control cards are identical to

] those shown in Fig. F13.A.1 with the exception of the plot spooler request (REQ-) parameters.

b- Omitting the parameter PAPER-600 will cause plots to be generated on a 36-inch Versatec*'

|j plotter at ORNL.
t, ..

j - The control cards -ry to generate a compressed plot file and route the file to the user's
'

4 PDP-10 area are shown in Fig. F13.A.4. The field ppppp,ppp should be replaced with the pro .
p grammer number assigned to the user by CTD. The file is nan =f narr PCH, where the charac-
j ters nWur are the first six characters of the job name. He plot file can be sent from the user's

PDP-10 area to vanous plotting devices on which the plots are generated.3
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.

. .

1

F13.A.2 !

.

.

.1

:

//jobname JOB (ccccc,IO5),' programmer name', TIME-(1,0)
: /*JOBPARM LINES-5
'

//STEPl EXEC SCALE, REGION =510K
//GO.FT01F001 DD DSN-HEATING plot data set, DISP-SHR
//GO.SYSIN DD * -

: fHEATPLOT.
'

(Enter HEATPLOT-S Input Data Here)
END. .

/*
//GO.COMPOUT DD UNIT-IN20U2, DISP =(NEW KEEP),'
// SPACE-(TRK,(5,1),RLSE),DSN-T.vMmuidxxxxx

; // STEP 2 EXEC SSPREQ,DSN-T.uicccccc.nu====='
// SSP.CATLGDSN DD DISP =(OLD, KEEP),VOL-REF *.STEPl.GO.COMPOUT
//SYSIN DD * .

REQ-XC92. POP
!

.

//-
. /* {|}!, ,

.

! Fig. F13.A.1 Format of JCL for executing HEATPLOT-S through SCALE
at ORNL and generating plots on a CALCOMP plotter

t
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F13.A.3

.

.

.

'

//jobname JOB (ccccc)' programmer name,

//* CLASS CPU 95-1M,IO=5,L-5, REGION =510K
// STEP 1 EXEC SCALE, REGION-510K
//GO.FT01F001 DD DSN= HEATING plot data set, DISP =SHR

//GO.SYSIN DD *
,

; fHEATPLOT
(Enter HEATPLOT-S Input Data Here)
END
/*
//GO.COMPOUT DD UNIT =IN20U2, DISP =(NEW, KEEP),<

'
u u// SPACE =(TRK,(5,1),RLSE),DSN=T.n -v ='v==

u 11rr'
// STEP 2 EXEC SSPREQ,DSN='T.uidccccc.e
// SSP.CATLGDSN DD DISP =(OLD, KEEP),VOL=REF *. STEP 1.GO.COMPOUT

.

U //SYSIN DD *
|| ' .'I REQ =KC92. POP

s i-j j.

//
|}

Fig. F13.A.2 Format of JCL for executing HEATPLOT-S through SCALE'

li
~ at ORGDP and generating plots on a CALCOMP plotter

i _

d;
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$
:#

* ,
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;
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F13.A.4
.

.

m
)~'
. |

|

n

I

;

i'
4
*

.

J
k

, //jobname JOB (ccccc,IO5),' programmer name', TIME =(1,0)

/*JOBPARM LINES-5
// STEP 1 EXEC SCALE, REGION-510K
//GO.FT01F001 DD DSN= HEATING plot data set, DISP =SHR
//GO.SYSIN DD *

. fHEATPLOT '
f (Enter HEATPLOT-S Input Data Here) -

' END

'

//GO.COMPOUT DD UNIT =IN20U2, DISP =(NEW, KEEP), k -

j- // SPACE =(TRK,(5,1),RLSE),DSN-T.uidecccc.nWururr .

// STEP 2 EXEC SSPREQ,DSN-T.uidccccc.uWrurus',

? // SSP.CATLGDSN DD DISP =(OLD, KEEP),VOL-REF *.STEPl.GO.COMPOUT
//SYSIN DD *

-

E'- REQ =XV36. POP, PAPER =600
je,

//
Fig. F13.A.3 Format of JCL for executing HEATPLOT-S through SCALE at

ORNL and generating plots on an Il-inch Versatec plotter
L
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-

.

F13.A.5

.

5

.

-
.

e

s

//joboame JOB (ccccc IO5) 'SAVEppppp pppH' TIME-(10), , , , ,

/*JOBPARM LINES =5, CARDS-10000;
4 /* ROUTE PUNCH RMT45.

// STEP 1 EXEC SCALE, REGION =510K
.

; //GO.FT01F001 DD DSN= HEATING plot data set, DISP =SHR ~
; //GO.SYSIN DD *
' pHEATTLOT.

(Enter HEATPLOT-S Input Data Here)
END
/*
//GO.COMPOUT DD DISP =(NEW, PASS),DSN= &&HTPLOT, UNIT-SPDA,
// SPACE =(TRK,(5,1),RLSE)

1 ~ // STEP 2 EXEC PGM=IEBGENER ,

//SYSIN DD DUMMY.

4 //SYSPRINT DD DUMMY
fh. //SYSUTI DD DSN=&&HTPLOT, DISP =(OLD, DELETE),

// DCB=(RECFM-FB,LRECL=80,BLKSIZE=4000)
,

//SYSUT2 DD SYSOUT=B,DCB-(RECFM-FB,BLKSIZE=80,LRECL-80),

?- //
7

-

]. Fig. F13.A.4 Format of JCL for executing HEAL? LOT-S through SCALE
at ORNL and stonag the plot file in the user's PDP-10 aresg
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F13.B APPENDIX B - MODIFYING THE BLOCK DATA ROUTINE

The default BLOCK DATA routine in HEATPLOT-S is shown in Fig. F13.B.I. This version
.

of BLOCK DATA allows the user to use a temperature distribution plot data set that has up to
,

.

1000 riodes, with no more than 50 nodes in any one direction. There may be a total of to
temperature-distance profiles generated at up to 20 problem times.

If any values in BLOCK DATA need to be increased to use a particular temperature distribu-:
tion plot data set, the user can override the default BLOCK DATA routine by compiling his own1

BLOCK DATA routine and linking his BLOCK DATA routine with HEATPLOT-S. The control
cards necessary to compile and link a user-supplied BLOCK DATA routine, execute HEATPLOT-;

S, and generate plots on a CALCOMP plotter at ORNL are shown in Fig. F13.B.2.
,

All variables listed in the default BLOCK DATA routine should appear in both a COMMON'

statement and a DATA statement in the user-supplied BLOCK DATA routine. MAXNDS must
be greater than or equal to the number of nodes in the model. MAXVAL must be greater than or

a

equal to the maximum number of nodes in any one direction. MAXHOR must be greater than or
equal to the maximum number of values on the horizontal axis of any plot plus two. MAXVER
must be greater than or equal to the maximum number of values on the vertical axis of any plot
plus two. MAXPRF must be greater than or equal to the total number of temperature-distance*

profiles generated. NPRVAL must be greater than or equal to the maximum number of nodes in
any one direction for which temperature-distance profiles are generated. NPRTIM must be greater
than or equal to the number of problem times for which temperature-distance profiles. are

i generated.

l (V The region size required to execute HEATPLOT-S can be determmed from the following two
.,

j

j, formulas:-

N = 3*MAXNDS + 3*MAXVAL + 10*MAXHOR + 2*MAXHOR*MAXVER *
- 3*MAXPRF + NPRVAL*MAXPRF + NPRVAL*NPRTIM*MAXPRF

,' REGION = (N/128 + 356)K bytes.

1,
,

!

s

.

!
a
.i
'

,

.

a

e
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,
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'

.

.

.

?

'
,

-f
*

i BLOCK DATA
.

C
9 C"""""*""""*"=***""*""*===*""
- C*

C * MAXNDS = MAXIMUM NUMBER OF NODES IN THE TEMPERATURE DISTRIBUTION3
' : C*- PLOT DATA SET

C* MAXVAL = MAXIMUM NUMBER OF R.TH OR Z VALUES TO BE READ FROM THE
C* TEMPERATURE DISTRIBUTION PLOT DATA SET
C * MAXHOR = MAXIMUM NUMBER OF VALUES ON T*lE HORIZONTAL AXIS OF ANY
C* PLOT + 2
C* MAXVER = MAXIMUM NUMBER OF VALUES ON THE VERTICAL AXIS OF ANY PLOT

,

C' +2>

C* MAXPRF = MAXIMUM TOTAL NUMBER OF TEMPERATURE-D STANCE PROFILES TO'

C* BE PLOTTED
I' ' C * NPRVAL = MAXIMUM NUMBER OF R.TH. OR Z VALUES 10 BE READ FROM THE

C* DATA SET IF TEMPERATURE DISTANCE PROFILES ARE OENERATED
.- C* NPRTIM = MAXIMUM NUMBER OF TIMES FOR WHICH TEMPERATURE-DISTANCE 4

G:
C* PROFILES ARE GENERATED4

:( C* -

1 C""*" - ~- -" * " " * * " * -

3 C
COMMON /NPOINT/ MAXNDS.MAXHOR.MAXVER.MAXVAL

j, COMMON /NOPROF/ MAXPRF NPRVAL.NPRTIM
-

DATA MAXNDS /1000/
DATA MAXHOR /52/
DATA MAXVER /52/
DATA MAXVAL /50/j

- DATA MAXPRF /10/4

DATA NPRVAL /50/
3 DATA NPRTIM /20/

END

.

. . .

4

u

3 Fig. F13.B.1 Default BLOCK DATA routine in HEATPLOT-S

t;

i

e

%.

.

. . _ _ . __ . _,_ . . _



. , ..
_ _ -_ _ _ - _ _

*
.

F13.B.3

.

.

. //joboame JOB (ccccc,105),' programmer name', TIME-(1,0)
/*JOBPARM LINES =5
// COMPILE EXEC FORTQC, REGION =nnanK
// FORT.SYSIN DD *

~ __ __ . (Insert FORTRAN Here) _ .

- - --

/*
//STEPl EXEC SCALE, REGION =nannK
//LKED.SYSIN DD *
INCLUDE MODULES (HEATPLOT),

INCLUDE OVLY(HEATPLOT)
NAME HEATPLOT ,

/*,

//GO.FT01F001 DD DSN-HEATING plot data set, DISP =SHR,

//GO.SYSIN DD *
i fHEATPLOT

',

(Enter HEATPLOT-S Input Data Here)4

END-

/*
//GO.COMPOUT DD UNIT =IN20U2, DISP =(NEW. KEEP),

j // SPACE =(TRK,(5,1),RLSE),DSN-T.usdccccc.numm1
j // STEP 2 EXEC SSPREQ,DSN='T.uidcococ.nWm=v'
! (f^3 // SSP.CATLGDSN DD DISP =(OLD, KEEP),VOL-REF=*.STEPl.GO.COMPOUT
j U //SYSIN DD *
i

- REQ-XC92. POP
: /*
[. //

.

:j -

Ll

:]'
Fig. F13.B.2 Format of JCL for executing HEATPLOT-S through SCALE

at ORNL while overnding BLOCK DATA and generating plots on a
'I CALCOMP plotter
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F13.C APPENDIX C - DESCRIPTION OF TEMPERATURE DISTRIBUTION
- PIET DATA SET WRITTEN BY HEATING 5/ HEATING 6

The following seven statements are executed in HEATING 5/ HEATING 6 in order to write data|'
,

records that comprise the temperature distribution plot data set.p
I

WRITE (IPLOT) JOBDES,NGEOM,NT,NBDTPT
WRITE (IPLOT) IT,(R(I)I-1,IT)
WRITE (IPLOT) JT,(TH(I)J-I,JT)"

WRITE (IPLOT) KT,(Z(I),I-1,KT) |

WRITE (IPLOT) (I,NTPI(I),NTPJ(I),NTPK(I),I-I,NT) ;*
'.,

|! WRITE (IPLOT) NSET,NOIT,DELTAT, TIM
| WRITE (IPLOT) (TI(I),I-I,NT),(TDUM(I),I-I,NBD1FT)
,

F
L: -

The first five records are written only coce. Records 6 and 7 appear in pairs and are written each
time the temperature distribution is output, including the initial temperature distribution for tran- '.,

|i sient problems.

Tbc following table contains a list of variables that appear in the statements, the type of each
variable, the dj 6 of variables that are arrays, and a description of each variable. Variablesl'-

that are not arrays are denoted by a dash (-) in the dimensen column of the table.

ji

H.g
7
.

.|^ -

d, .

!(
II.,

-N

|q :
;..

|$-
v

|:

k~
9,

k
i
q
Q

g- .

[,

i' .

f.- [~
V,;

! F13.C.1
7 .

._ _ - - . _ . . -. ... . .
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F13.C.2
<

.

).

Table F13.C.I. Variables that Appear in HEATING 5/ HEATING 6
Plot Data Set Generation WRITE Statement

Variable Type Dimension Description
.

Logical unit number of the plotI? LOT INTEGER *4 -

data set,

IIJOBDES INTEGER *4 18 Descriptive title of problem

Type of away -4 NGEDM INTEGER *4 -

'

Number of nodesNT INTEGER *4
'

-

'
Number of boundary condition nodesNBDTPT INTEGER *4 -

Number of x or r fine grid lines; IT INTEGER *4 -

'

Number of y or # fine grid linesJT INTEGER *4 - -

Number of z Tme grid linesKT INTEGER *4 -

R REAL*8 IT Coordinates of x or r rme grid
lines

TH REAL*8 JT Coordmates of y or # rme grid.

j
'

lines -

| Z REAL*8 KT Coordiantam of z fine grid lines

NTPI INTEGER *2 NT X or r rme grid line indices for
i each node

NTPJ INTEGER *2 NT Y or # rme grid line indices for
*

each node. , -

4 NTPK INTEGER *2 NT | Z fine grid line indices for each
node ,q

- Type of problemj_ NSET INTEGER *4 -

'

NOIT INTEGER *4 Number ofiterations-

change in problem time from the
,

DELTAT REAL*8 -

Previous time

6 TIM REAL*8 Current problem time-

Tl REAL*8 NT Temperatures at each node
,

: TDUM REAL*8 NBDTFT Temperatures at each boundary
I condition node-

k-

I.

.

.

.

,
, . . . _ , . . . _ . _ , , _ _ _ . . _ . . _ . , . . . __ . _ . .

,
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ABSTRACT
1

REGPLOT6 is a plotting program that enables the user of the HEATING 6 generahzod heat
conducten code to graphically verify the accuracy of his HEATING 6 input data. Maps of the'

regions, the matenals, the heat generation function numbers, the initial temperature function
numbers, and the boundary condition function numbers are generated by plotting the region bound-
aries and labehas each region appropriately. REGPLOT6 uses the DISSPLA (Display Integrated.

Sonware System and Plotting Language) graphics package, and generates a compressed plot data
set that can be stored on disk or routed to various plotting devices.,
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Fid.1 INTRODUCIlON AND CAPABILITIES

|
This document has been developed to report the changes that have besa made to REGPLOT' to

make it compatible with HEATING 6 (see Sect. F10) and the SCALE system. Much of the
material in this document is taken from Ref. I and the memorandum "REGPLOT6 Program" to

. R. H. Odegaarden.2 However, ao other document is aseded to use REGPLOT6.

REGPLOT6 is a plotting program that enables the user of the HEATING 6 generalised heat
:,

conduction code to , ;" ="y verify the accuracy of his HEATING 6 input data. REOPLOT6 ;
'

may be used to plot tbs region boundaries of a ono , two , or thr== di===sianal model The region,

numbers, tbs material names, the heat gaaeration function numbers, the initial temperature func.;
* tion numbers,' and the boundary condition fhaction numbers may be plotted for each region la any

:) plane of the model. This version of REGPLOT6 may be used with HEATING 6 input data sets- i
3

that specify a maximum of 300 regions and 300 materials. REGPLOT6 uses the DISSPLA 4

's
9 grapincs package. A compressed plot data set is generated that can be stored os disk or routed to
~

vanous plotting devices. ,

't;

S REGPLOT6 uses the job description from the HEATING 6 input data as the title of the plots.
Only the first 59 characters of the job description are used. Correspanding Greek letters are writ-
ten in the plot title if English letters are surrounded by question marks in the job description. For:-
example, including the characters ?P7 in the HEATING 6 job description causes the character r toq

i be writtaa in the plot title. Therefore, extraneous question marks should not be included la the

: HT:.ATING6 job description.

ii REGPLOT6 input data is specified by adding another data block to the HEATING 6 input data

H[ ,A (see Sect. F10.5.1). The data block must appear after all HEATING 6 data blocks and before the
'

4

percoat (%) and of data indicator card. The first card la the data block must be a block indicator[; u'

N card ea=*alaear the keyword REGP in the first four colemas. Plots may be generated for more-

than one case in one job by concatenating HEATING 6 input data sets that each contain a REGP
,

data block.*

n
The only data blocks read by REGPLOT6 are the REGIONS data block, the MATERIALS*L

|j data block, and the REGP data block. 'Ihe heat gaaeration, initial temperature, and boundary con-
dition function numbers for each region are read from the REGIONS data block. All other data*-

j blocks may be cautted when executing REGPLOT6. The title card, the two parameter cards, and
the end of data card are also read by REGPLOT6 and must be facinded. ;

,

<

- r

f If the HEATING 6 model is th "- '-" the plane and the value of the axis normal to ,

! the plans for which 'piots are generated must be specified. The types of plots that are generated

?. must be specified for each plaw. Axis acaling factors and the region of the plans for which plots

B are generated may be input to REGPLOT6. A scaling factor is defined as the difference of the '

;

=== Imam and minimum axis vales divided by the axis length (or units per inch). For example, if|'
L- the x-axis is six inches long and begins at aero and the x-axis scaling factor is specified as 10.0, the

d maximum value of the x axis is 60.0. If axis scaling factors are not specified or are specified as
aero, the scaling factors are calculated by REGPLOT6. . The largest scaling factor is used for alla

; axes, which allows REGPLOT6 to draw the region boundaries la the proper .y ^S- If ther

region of the plane for which plots are generated is not specified, plots are drawn for the entire
specified plane.'_; _ _ . .

.

.

11 )
,

i,

[

F14.1.1
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;-

F14.1.2 l'

!

)
.

'
REGPIOT6 draws the resma boundanes for each plot using six inch axes. Plots are generated

using a page size of 11 by 8.5 inches. For plots of the regions, the regios numbers are written
insule the proper region boundanos. For plots of the materials, the material names are written
inside the proper regma boundaries. For plots of the regions with heat generation and initial tem-
peratures, the function numbers are written inside the proper regma boundanos. Boundary condi.
tions are depicted by symbols drawn along the borders of the proper regnes. The boundary condi-

,

tion function numbers are written beside the symbols.*
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I ~ . F14.2 LOGICAL PROGRAM FIDW AND DESCRIFt10N OF SUBROUTINES

REGPLOT6 initially reeds the input data for the first case. All plots for the first case are then
generated. As atteanyt is made to read input data for another case. If another case does not exist,
execution is halted. If another case does exist, all plots for that case are generated, and an attempt

. is made to read input data for yet another case. Execution is halted after the input data are read*

and plots are generated for all cases. The calling sequence of routines is depicted la Fig. F14.11.

F14.2.1 DESCRIPTION OF SUBROUTUSS IN REGFLUT6
BLOCK DATA - Initiallana variables that contain the logical unit numbers and the manimum

|
nuesber of regions and materials allowed.

MAIN - Directs ALOCAT (see Sect. Mill) to call subrouties ALCRGP.

ALCRGP- Serves as an interface between the REGPLOT6 mala routiae and other subrou-
-

times. Determines the maximum die f the array that holds all variablyo
'

arrays.

;. BCDRAW - Draws the boundary condition symbols on the plots with boundary condition
function numbers.>

ECHO - Reads input data from unit 5, and lists card images on unit 6. Puts 'END' at
the end of the approprints card images and writes the resulting card images toz ~

'

unit 4.

i' ERRCK - Ensures that the material for each region has been specified la the MATERI.
L AIS data block. Writes sa error message if any material has not been speci-

fled.j mi

I| ERRMSG - Writes as error message if the number of regions or the number of materials
specified la the loput exceeds 300.-

.,
7

|; INITIL - Initialis== variables and arrays to zero when a new case is encountered.

!(
- INPUT - Reeds the title card and the two parameter cards and calls subroutines to read

1 the remaining input data. Job information is also output.
p.
1i MATERL- Reeds input for one material from the MATERIAIS data block.

UJ NEXTCD - Reeds the first word of the seat card image. A message is writtaa if end of file
or end of data is encountered. Writes entire card image if it is a comment card,h and reeds the first word of the next card. If a data card is found, flags are set

J,.

!+ so that the next road is froan the Arst word of the current card. .

[5 OUTPUT - Writes the iis. r ^ :. read from the two parameter cards reed in subroutine-

INPUT. - .

]1
READER - Reeds for keywords and calls subroutines to read the .g" ; data.

~

N REGONS- Reeds loput for oss region from the REGIONS data block.
W-
~i REGPLT - Reeds input from the REGP data block, draws the axes and writes the heading
c
W for each plot, and calls subroutiers to complete each plot. .
. ' -

REORDR - Reorders the regions and materials if a regica or a material is deleted.
[*
h, RGP6MN - Initialians variables, performs variable '" ; of arrays, and calls"

REGPLT to generate plots.! O
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F14.2.3

RTHET - Plots the region boundanes of an r4 model in polar coordinates and writes the
correct function number or material name inside each region boundary.

THREED - Stores the correct values in arrays depending on which plane is used for plotting

for three-dunensmaal models..

WRITER - Writes the region data.

XYREGN - Pkas the region boundaries of a Cartesian model in Cartesian coordinates and
writes the correct function number or material name inside each region bound-

ary.

F14.2.2 OAK RIDGE SYSTEMS ROUTINES USED BY REGPLOT6
.

REGPLOT6 calls Oak Ridge systems subroutines CORE, IDAY, JOBNUM, and TIME, and
-

calls Oak Ridge systems functions ICOMPA and MODEL These routines are all described in
Table F10.4.2.
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F14.3 INPUT DESCRIlmON FOR REGPLUr6

The input data for REGPLOT6 are read using the SCALE free-form reading routines (see
Sect. M3) which allow data to be entered la an unformatted manner. REGPLOT6 input data are

'

specified by adding another data block, . called the REGP data block, to the HEATING 6 input
data. A descnption of the HEATING 6 input data is found in Sect. F10.5. The REGP data
block must appear after all other HEATING 6 data blocks and before the percent (%) and of data
indscator card. Plots may be goesrated for more than one case la one job by -ta== ting HEAT.
ING6 input data sets that each contain a REGP data block.

y' ' Ins only data blocks read by REGPLOT6 are the REGIONS data block, the MATERIALS
data block, and the REGP data block. The heat generation, initial temperature, and boundary coe.

,

dition function numbers for each region are reed from the REGIONS data block. Other data

: blocks may be either included or omitted when esecuting REGPLOT6. The title card, tha two
parameter cards, and the end of data card arm also read by REGPLOT6 and must be included. In
order to access REGPLOT6 via SCALE, a card image coetaining either =REGPLOT or (REG..

PLOT, beginaias la the first colema, must precede the card image input data. A card image con-'

r taining END, beginning in the first column, must follow the card image input data (see
Sect. F14.A). Examoles of REGP data blocks are found la the REGPLOT6 input data in

I: Fig. F14.4.1.

F14.3.1 REGP DATA BLOCK EEYWORD DATA RECORD

i The char:.cters 'REGP' must be entered in columes I through 4. This data record must be
lachsded and must be the first data record la the REGP data block.y

_

1 :%
4 ' .3., F14.3.2 PLANE SPECIFICA'I10N DATA RECORD

di
.

Omit this data record for one- and two dimensional models. The first entry for this data record
,

is alphanumeric a-d must be entered la columns I and 2. The second entry for tais data record is'

j a floatbg point number and must begin la colums 4. This data record and corresponding PLOT-

DESCRIPTION data records may be reposted for any plane for which plots are desired for a'~

three dianssional model.

L, PLANE The type of plane for which plots are generated. Valid entries are XY, RT, XZ, RZ,
YZ, and TZ.'

l AXVAL- The value of the axis normal to the plane spor.ified by PLANE.

F14.3.3 PLUT DESCRIP'IlON DATA RECORD
: ,

h The first entry for this data record is sa lateger. All other entries for this data record are flest-

J las point numbers. This data record is repeated for every plot that is generated. .

k ITYPE - The number w . - , "; to the type of plot generated.-

J
J = 1 A plot is generated with region numbers laside the region boundaries.

. - 2 A plot is generated with material names inside the region boundaries.
[, , - 3 A plot is generated with best generation fniection numbers inside the region
'

,

boundaries.

|
= 4 A plot is generated with initial temperature function numbers inside the regica

. boundaries..

= 5 A plot is generated with boundary condition function numbers laside the region|' <

boundaries.'

; .

1

>

'

F14.3.1

L - .



_ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . . _ _ _ _

'

.

.

.

F14.3.2

.

XSCALE- The scaling factor la units p r inch for the horizontal axis of the plot. If XSCALE is )
not specified or is specified .ns aero, t%s sca'ing factor for the horir:,atal axis is com- .

poted by REGPLOT6.

- YSCALE - The scaling factor la units per inch for the ver'ical axis of the plot. If YSCALE is
'

- not specified cr is specified as aero, the scahng factor for the vertical axis is comput-:1,

by REGPLOT6.
.

XREGI- ""he minimum horizontal value of the area for which the plot is generated. If-

;
XREGI is not a.pecified or is specifLd as aero, the minimum horizontal value of the

; plass for which the plot is generated is used.

3
4 XREG2 - The maximum horisontal value of the asas for which the plot is generated. If
} XREG2 is not specified or is specified as aero, the maximua; horisor.tal value of the

plans for which the plot is generated is used..

) YREGI-' The minimum vertical value of the area for which the pict is generated. If YREGI is

) act specified or is specified as sero, the minimum vertical value of the plans for
which the plot is ;n::" is used.

YREG2-- The maximum vertical value of the area for which the plot is generated. If YREG2
is not specified or is specified as aero, the maximum vertical value of the plans for-

which the plot is generated is used.
.
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F14.4 SAMPLE PROBLEM FOR REGFL'Fr6

'Iliis section contains a sample problean with two cases to < lama ==trate the ws of REGPLOh.
Input data for this problem are shown in Fig. F14.4.1. Output generated by REGPLOT6 a

. shown la Fig. F14.4.2. The plots 7 - ^M for this problemi are shown la Fig. F14.4.3.

The Arst case is a two duneasional r-# model. 'llie only data blocks included la the input data
for this case are the REGIONS, MATERIALS, and REOF data blocks. Plots are generated with
region numbers, material names, best asseration fuestion numbers, and beundary condition fuso-
tion numbers labeled la each region. Axis scaling factors, the horinostal minimum and maximum,
and the vertical minimum and maaimuss are -i=*=8 by REOPLOT6 for edi plots. The first four
plots shown in Fig. F14.4.3 are the plots generated for this case.

The second case is a three duneasional x-y-a model The only data bloelcs included la the laput
3t

data for this case are the REGIONS, MATERIALS, and REOP data blocks. P!ots are generated
for two planes la the model. For the z. plane at y=0.0, a plot is sneersted with region numbers
labeled la each region. Axis scaling factors, the horizontal minimum and maximum, and the verti-
cal minimum and manimust are computed by REGPLOT6. For the y-z plans at x=5.0, plots are

L generated with region numbers, material names, and initial temperature function numbers labeled
la each region. For the plot of initial temperature fu setion numbers, the axis scaling factors, the
horizontal minimum and maximum, and the vertical minimum and maximum are specified. The
final four plots shown la " r. F14.4J are the plots generated for this case. .
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F14.4.2

-%
)
*

TWO DIMENSIONAL TPt R.TH PROBLEM . STIADY STATE ,

10,2,1

SJ%9,

REGIONS .

I I 1.0 2.0 0 0 &26180
I 7 1

2 2 I.0 2.0 0.26100 0.78540
t i 2

', 3 I l.0 2.0 0.78$40 1.30800
1 2 I
4 3 1.0 2.0 1.30500 I.83200

1| I 3 3,,
S I 1.0 2.0 1.83280 2.35620
l 4 i
6 2 1.0 2.0 2.35620 2.87900

,

I I 5 2

$ 7 1 1.0 2.0 2.87900 3.1416.

i I 6 I
MATERIALSi'

ICOPPER 4.0 1.4 0.06

2 SILVER
3OOLD

REOPLOT6 DATA
1

2', 3'

$ .

%
3.D X.Y.E PROBLEM .

I",

; 40A.1,0.0,3.0A0
5%2<<

*

REGIONS
3 1,1 AG,2.0.0.0,3.0,0A4.0

1,3,l A6,0,s,0

f.
2,2,2.0J.0,0.0,3.0.0.0,4.0 *

I,6AGAG,8,0
3J,3.0J.0,2A3.0AO,4.0

( l,7,9,0A0,2,0
4,4,3.0,5.0AG,2.0A0,10

4, - 2. A0.s,0, ,0
SJJASAIA2.0,10,4.0*

' 2,9

0 6,lJ.0,$.0AG,l.0,2.0,4.0

i IJAO,1
MATERIALS
l COPPER 0.93.8.94.0.091
2. ALUM R48.2.7A206
3, TIN &I3,7.3,0.0$3'

4 4 STEEL &l1,7.8$ A i18

) . 3.23NC 0.27,7.14A002

1- REOPLOf6 DATA
s xz
$ I

YZ 3.0
1

*
2

.

4.2%3A0.3.0,10,4.0
%

.

; .

,
.

-.
.

Fig. Fl4.4.1 Input data for the sample problem
.
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Fl4.4.3

.

C000: 200PLOfe of/te/e4
DAT5; ef-i) se

TIME: 7119 el
JOAe8AM.C 200EX
C0eePUTm: 1988Se88/3083i

.

JOB DMCheTION . TWO nmnes-a a tyg 3 73 pg00LSe .5TRASY STATE
00000ETRY TTTE leUe00m 3(OR RT )
THE N A pesw PROOLNL

DWIIstT9000 0F ifeUT/0UfrUf UNtT5 FOR CAM leuenan i

PGAmes 50 0 UMit Nuesem DWINrte090
t eggggg 3 guyfiAL IIIPUT DATA SBT

? IM 4 BTAfst4AD iMPUT DATA NT
10 e SFAMMAS OUTPUT DATA NT

leuesEm 0F R80e0008 ?

NUesOM OF MAfe:ALS 3
.

SIWY OF Ranscel DATA
1

*

'a^mnanseLarf.X OR R8Nrr4 OR LOW M YOR Uppe Y OR RSAA4 PRONT4
_ -

*

teUseem INNm4 OUTR4 LWT.?NhfA R80eff TW5fA*

i team uses u amie u u
: i nes twee amie ame u u
: iam tems amu uses u u
e tems amm uom usa u u

tese same um um se u
inne uma um um u u

e, teen umm um um u u

- -a0Unnaar teUMesas-

Ramow mAtensAs. sumAa. usAT ua af.x tav my na4 rf4
i Mussem NAess Tme OmemAftces 196 4 074 uf AT.T

i Cosen i i e o e e e

s vm i i : e e e e e
.

i _

cooper i : i e e e e e
a e e e

.I e. 00amm i. e. e..s
i e e eC ,a .,

e , i e . e e .-
a .
: s Co m R i e i e e e e e

. . .. .. -

, .
' -cAss NuesseR i

"*" Joe SWCR8Pf90M ""'TWO -^ 8 ?Pt 8 75: Pro 44e0 5ftADY SfAft
- 79:5 ISIPUT DATA POR 7913 CAEB 184T8 00E00 RSAw Ai S N

e - wUesent Or anone mec0Uwress in tus neUT Da r r0R TMs CAas waa . e
1

1
8

':

1

.,

}
Fig. Fl4.4.2 Outpit f0r the sample problem
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F14.4.4

3
,

.

.

P&et I WILL W BRAWN OF 7915 RESION .
TIE IISAASOWTAL SCALE VALUE E te'

195 VWTICAL 3CALS VALUE 544
* Ispft .ECALA VALUM UtIIC31 AAS EWO #t8135 CotWUtm WV TIIE P90 GRAM.

TIE IWeeUtd AND TIE MANDAmt VALUM 000 Tim IIema300ffAL ANE ASE to M . NY.
} 195 beefUtt AND TIE MANSIUtd VALUM000 TIE VWTICAL AM AAS te M , NY.
* = leME . W TIE AMAL bdSSA20 GR RIAnaguel 5 m

195 kWWIUtd AND/OR TIE nGANSEUtt OF1985 IIgee.WEL W m i e*

$
'

i

1

PI#f 8 WRA W BSAWN OP TIE RIATW84L
Tem Isosta0NTAL EALE VALUE 5 to

'; TIPE VSTICAL SCA&S VALUE W to
= leeft . SCALS VALUM WIECII AAS M WILA B CetWUTW SV T15 P900AAhL

] TIE besitsute AND 1915 b6ANiedUte VALUM 00s 1918 use0300FTAL ANE AAS M to . RMY,
TIE telesitsual AND1915 teANIbfute VALUM 088 THE VWTICAL ANIO AAS to M . NY.''.,

*" Meft . W 1985 ARIAL Meesund on te4NItdUtd W EWO,
TIIB topsItsUte AND/OR TWE """ 0F flit beoseL WILL DE M

:1 *

.

Plat 3 WILL W DRAW 90 0F 1915 IAEAT OWL-

7918 le08430NTAL SCA14 VALUE N to
TIE VSTICAL SCALS VALUE E to

= Issf5. SCALS VALUM WIIICII AAS EMS WILL BE 00tWUTW BV 1985 passaAst
fem IdINItsual AND fte beAlmdUtt VALUM 088 795 IIOS4300ffAL ANE AAS 44 to . ANY.
ftE teetfUtf AND TIE 80ANBIUtf VALUM 008 ftE VWTICAL ANE ARE to te , RMY.

'"leef,t W ftE ANIAL beed,u.t0 O_R 80ANSIUtd,W EMIL.WW - gIM - I 0 I. b.

5

i *

Plaf 4 WR& sE neAWN OP TIst e coNo .
* TIIs N0883ONTAL SCALA VALUE N to
* 7 TIE VWTICAL SCA&A VALUE 5 to *

| *" NWft 0CALS VALUM WIECII AAS W #48135 0009UfW DV TIE ft00RAAL
|.ftR tesIIgute Afst TIE 084350U38 VA&&lm GN Tle legagWerfAL ARE AAR to to . NY.

TIE 1819W0W00 ASED TIE IGANAsute VA&Als SOI TIE VWTICAL Alm AAS to 64 86Y. I

e ** Mft . W 19E ANAL telefuti SR te411Neutf 3 m
TIE IIINEA20 Afm/OR TIE MAlWEURI SP fle aseSE.WILL W M

;

a

Fig. F14.4.2 (costleved)
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-

CODE: REOPLOT4 07/10/84
DATE: 0717 84
TIME: 12.19.41
30SNAM: CLIR06EX
COMPUTER: IBM 3033/3033,

JOB DESCRIPTION - 3 D X Y Z PROBLEM
OEOMETRY TYPE NUMSER 4 (OR XYZ )
THIS IS A NEW PROSLEM.

DEFINITION OF INPUT / OUTPUT UNITS FOR CASE NUMBER 2

NAME NO UNIT NUMBER DEFINITION
15CHO $ INITIAL INPUT DATA SET +

IN 4 STANDARD INPUT DATA SET
10 4 STANDARD OUTPUT DATA SET

NUMBER OF REGIONE 4

NUMBER OF MATERIALS S

SUMMARY OF REGION DATA
...... ... ..pgugyggoys. . ....

REGION LEFT X OR RIGHT X OR LOWER Y OR UPPER Y OR REAR Z PRONT Z
NUMBER INNER R OUTER R LEFT THETA RIGHT THETA

I R0 2.0000 40 3.0000 0.0 4.0000

2 1 0000 3.0000 0.0 3.0000 0.0 4.0000

3 3.0000 5.0000 2.0000 3.0000 0.0 4.0000

4 3.0000 3.0000 0.0 10000 0.0 2.0000

$ 3.0000 3.0000 1.0000 2.0000 2.0000 4.0000

4 3.0000 3.0000 40 1.0000 2.0000 4.0000
- - - -

,,, . . . .

o ,DUNDARy NuM ..)* REGION MATERIAL INillAL HEAT LF X RT X LO Y UP Y RR Z FT Z
L NUMBER NAME TEMP OENERATION IN R OT R LF T RT T

l COPPER I $ 1 0 4 0 8 0

2 ALUM l 4 0 0 4 0 8 0
.l 3 TIN l 7 9 0 0 0 2 0

) 4 STEEL 2 8 0 0 $ 0 8 0

) $ ZINC 2 9 0 0 0 0 0 0

.
4 COPPER l 3 0 0 1 0 0 0

_

|

'" CASE NUMSER 2
'" JOG DESCRIFTION "*3 D X Y Z PROBLEM

[ '" THE INPUT DATA FOR THIS CASE HAVE BEEN READ AND PROCESSED
'" NUMBER OF ERRORS ENCOUNTERED IN THE INPUT DATA POR THI1 CASE WAS - 0;

'

[ . . . . - _ . . . . . - . .

Fig. Fl4 d 1 (contissed)
!
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)
THE X2 PLAME WitJ.M PLOff3D AT Y = te .

PLOT 4 WILL BE DaAWM OF THE REGION .
TNg mewaffAL SCALE VALUE E 44
THE VERTICAL SCAAA VALUE 5 to

* 180T5. SCALE VALUM weeCN ARE 230 WEL BE CotSUTM BY TIM PROGRAK
TIE be10GIUM AMD THE MAXBsUte VALUM ON THE IIORISONTAL AIM AAS te te . RNY.
THE MIDIIbeUM AMD THE MAlubeUM VALUM ON THE VERTICAL AXN AAB 40 te . RMY.

"18075.W TIE AXIAL Mp8IbeUM OR MAXIbeUM M ImIL

.

TIE IMefUM AMD/OR THE MAXIbsUM OF TIE HosEL WILL M tm
.

.

1915 Y3 PLAME WILL M PLOTTE AT X = 5.4BeggE+4B,

.

'

?Let 3 WEL M DRAWN OF TIIE Ra000N .
THE 300R8300ffAL SCALE VALUE 5 te
TIE VmTICAL SCALE VALUE 5 44

* te0TE . 9CALS VALUM WHIC98 AAS 330 WILL M COeWUTED BY THE PRaan'M
THE MDelkeUM AMO THE M AN 90 VALUM ON THE 300R830MTAL AXE AAE to to . RN.Y.
THE afgelh0UM AMD1988 MaMUM VALUM ON THE VERTICAL AXE ARS 64 44 . REMY.

* 18075. IF THE AIGAL MDeindUM OR MAXInfUM N 2330L
TIGE teW8BfUM AND/OR THE MAMBEUM OF TIIE b800EL WILL DE UNIL

,

: Piar WmL sE ge4WM OF TuS MATansAs.
THE tegass0NTAL SCALA VALUE ase

4

11E VmTICAL SCALE VALUE E to'

* IeOTE . SCALE VAAMM wteCBS AAS 250 WIEJ. OE (XIeeUTM WT TIE Pa00mAAL "'-j fts upstdUM AMD195 M^"" VALUM ON TIE BOORISONTAL AXE ARE 64 44 . NY. Y
115 teMBsWM AMD TIM "*"" VA8 AIM 0081985 VmTICAL AXE ARS te to . RNY.

* 980f5. IF TIE AIGAL -** OF MAXIhfUM M 3mth .

TIM 94NsBfutd AMD/OR TRIE MAXmIUM OF TIIE as00EL WitJ. OE UK
J
-

,

.

1 PLOf 4 WIRJ OE BeAWM OF 7905 t TWAP .
THE Nessa0NTAL SCALA VALUE a :ammmmett

J TIIE VEsTICAL SCALs VALUE N e ammmam
* 98075.SCALS VALUM WtsCN AAE EMO 9tIJ. M (XIeWUTM BT TIIS PROGRAKP

I TIIB MIpslasuke AMD1915 Me"" VALUM 058 TIIS tegalageffAL AME Aas 64 3.4e185E+44 RMY.
1 795 needibfUht AMS T915 M A-** VA8MM ON TIE VMTICAL AXE AAg s ammem +gg agggggE+gg gmy,

* 18075. IF THE AXIAL BensIbeUM OR M^ mitt 5 Enth

] THE IspeneUM AMD/0E THE "A"98 OF 1915 adOSEL WILL BE USMk

|
.

1

Fig. F14.4.2 (cGetinued)
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F14.A.1

. ,

F14.A APPENDIX A - CONTROL CARDS FOR EXECUTING REGPLOT6
-- ON THE OAK RIDGE IBM SYSTEMS

The REO? LOT 6 module is part of the SCALE system at the computing centers at both Oak
Ridge Natiorul Laboratory (ORNL) and Oak Ridge Gaseous Diffusion Plant (ORGDP). This
appendix dis:ueses the job control language (JCL) which is required to execute this version of,

REOPLOT6. Examples of JCL are presented which show how to execute REOPLOT6 and gener-
- ate plots ce CALCOMP plotters at ORNL and ORODP and on Versatec plotters at ORNL Aa
example of JCL which shows how to generate a _ - f plot fue and route the file to the user's-

,.

j PDP 10 area is also presented. For additional information concerning JCL and plotting devices, the
user is referred to the CSD Fi., m's Notebook * and the CS Oraphics Manuals

t

The control cards necessary to generate plots on a CALCOMP plotter using this version of
REOPLOT6 at ORNL and ORGDP are shown la Fig. F14.A.1 and Fig. F14.A.2, respectidy,

a The jobeams fieH on the JOB statement has a format of C----- where aid is the three-letter
J user identification assigned to the user by CTD, and the characters xxxxx may be up to five charac-
- ters which make the job name unique. The charge field, ccccc, contains a four or five-digit CTD

charge number. The programmer name field contains information such as the user's name and
address which is necessary to route the job output back to the user. This field may contala up to

.

twenty characters.

a
The control cards necessary to generate plots on na ll lach Versatec plotter at ORNL using

J this version of REOPLOT6 are shown la Fig. F14.A.3. These control cards are identical to those
shown la Fig. F14.A.! with the =W of the plot spooler request (REQ-) parameters. Omit-j* ~

ting the parameter PAPER =600 will cases plots to be generated on a 36-inch Versatec plotter at

] [3 ORNL
:I .

The control cards necessary to generate a compressed plot file sad route the file to the user's
:

!j PDP 10 area are shown la Fig. F14.A.4. The field ppppp,ppp should be replaced with the pro-
L- grammer number assigned to the user by CTD. The file is named utdrum PCH, where the charac-

1 ters sidaxx are the first six characters of the job name. The plot file can be sent from the user's
i PDP 10 stes to various plotting devices on which the plots are generated.
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'

//jobeame JOB (conocJO5),' programmer name', TIME =(I,0)
*

/*JOBPARM LINES =5
//STEPI EXEC SCALE REGION-500K
//GO.FT04 Fool DD UNIT-SYSDA. DISP =(,PASSKSPACE-(TR5(1,1)),
// DCB=(RECFM=FB,LRECL-80,BLKSIZE=3200)
//GOSYSIN DD -
#REGPLOT

(Ester REGPLOT6 loput Data Here)
END
/*
//GO.COMPOUT DD UNIT-IN20U2, DISP =(NEW KEEP),
// SPACE =(TRK,(Sol),RLSE),DSN-T.sadocooc.=W===rr
// STEP 2 EXEC SSPREQ,DSN="T.aidococc.=d====='
// SSP.CATLODSN DD DISP =(OLD, KEEP),VOL=REF =*.STEPl.GO.COMPOUT

//SYSIN DD *.

REQ-XC92. POP
/*
//

.

Fig. F14.A.1 Format of JCL for executing REGPLOT6 through SCALE
at ORNL and generating plots on a CALCOMP plotter

I.

.

//jobeame JOB (ocscc),' programmer name'
//* CLASS CPU 95=luJo=5 L-5, REGION =500K
//STEPl EXEC SCALE. REGION =500K
//GO.FT04F001 DD UNTT-SYSDA. DISP =(, PASS), SPACE-(TRK,(1,1)),
// DCB=(RECFM=FB,LRECL=to,BLKSIZE=3200)
//GO.SYSIN DD *
#REGPLOT

(Eater REGPLOT6 Input Data Hero)
END
/*
//GO.COMPOUT DD UNTT=lN2002, DISP =(NEW, KEEP),
// SPACE =(TRK,(Sol),RLSE),DSN=T.=h =d=====

// STEP 2 EXEC SSPREQ,DSN='T.mideococ.midaxxas'
// SSP.CATLGDSN DD DISP =(OLD. KEEP),YOL=REF=*.STEPl.GO.COMPOUT
//SYSIN DD - ,

REQ = KC92. POP
/*
//

Fig. Fl4.A.2 Format of JCL for executing REGPLOT6 through SCALE ,

at ORGDP and generating plots on a CALCOMP plotter

.

.
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.
~ //jokeamie JOB (ecoxJOS),' programmer name', TIME-(1,0)

/*JOBPARM LINFS-5
//STEPl EXEC 3C4LEJtEGION=300K
//OOEID4F001 DE UNIT-SYSDA. DISP =(, PASS), SPACE =(TRE,(1,1)),
// DCB-(RECFM=FB,LRECL=an na rur7F=3200)
//OO.SYSEN DD *| ,

c N,

(Esser REGPLOT6 Impet Data Hero)
,

END ik

% |//GG.COMPOUT DD UNIT =IN20U2, DISP =(NEW,KEEPA
?r Ni <

f>
3

f Y '9 // SPACE =(TRK,(5,1), RISE),DSN=T.an6 comer.aulaxxas

[ y// STEP 2 EXEC SSPREO DSN='T.andocoor.*=* .// SSP.CATLGDSN DD DISP =(OLD, KEEP),VOL=REF *.STEPI.OO.COMPOUT
~

j .

1 //SYSIN DD * ,5

: REQ-XV36. POP, PAPER =dOO

ii . /. <

// '

.d,

Fig F14.A.3 Format of JCL fSr executing REGPLOT6 through SCALE at
ORNL and generating plots oa an Il-inch Versatec plo'.ter

$.
J 3. s

.
%'\ '

(!j/ ,% .- ,.

'

yJ.

}- ,,

j. |
a

.k A :

ii .
//jobendJOB (conocJOS),'SAVEppppy,pppH *, TIME-(1,0)

;j /*JOBPARM LDGES=5, CARDS =10000
-; ' /* ROUTE PUNCH RMT45
f //STEPl EXEC SCALEJti!OION=500K

. //GO.F1V4F001 DD UNIT-SYSDA, DISP =( PASS), SPACE =(TRK,(1,1)),
#,' ;' // DCB-(RECFM-FB,LRECL=345LKSIZE=3200)

|( ) //OO SYSIN DD * #'- MP!.OT .

-p~e

} (EsseritEGF10T6 laput Data Hero)
'

END y: 9

,; je V', ..'-

,,

//OO.COMPOUT DD DISP =(NEW, PASS),DSN= &&kEGPT4, UNIT =SPDA,
"

'

.

.
// SPACE **tTRK,(5,1),R13E)
// STEP 2 EXEC POM=IEBGENER..

1' //SYSIN DD DUMMY g
j //SYSPRINf DD DUMMY /i

,

M //SYSUTI DD DSN=& Aa8mLA, DISP =(OLIt, DELETE),

/' // DCB=t2,2CFM=FB LAECL=an,ar rif7F=f ) ,'
4- I //SYSUT2 DD SYSCUT= B,DCB-(RECFM-FB,L 'T2=40,LRECL-00)

, - // V N >

*>w a
;' s y s

- Fig. F14.A.6 Format of JCL for executing REGPLOT6 through SCALE at'
,

'% ORNL and storing the pist file in the user's PDP-10 area
.'
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FI4.B APPENDIX B - DESCRIFTION OF AN
INTERACTIVE VERSION OF REGPLOT6

A version of REGPLOT6 may be executed in an interactive manner on the PDP-10 computer at
ORNL Plots are generated on a Tektromx graphics ter=:a-t

The user must recall the file RG6SCLEXE from DECtape D3361 (use the canmand FILE
R,D3361,RG6SCLEXE). When the & RG6SCLEXE is in the user's PDP-10 area, the interac-
tive version of REGPLOT6 is executed by the ca===ad RUN :RG6SCL A file named<

[ FOR04.DAT is created by the interactive version of REGPLOT6. This & will replace a previ-
' ously existing & n==ad FOR04.DAT. Therefore, the user should not have a & named.

FOR04.DAT in his PDP-10 area when interactively executing REGPLOT6.
.

,The first prompt asks the user to enter the name of the file that contains the HEATING 6 input
-data for which plots are generated. The REGP data block should not be included with the HEAT-
ING6 input data for the interactive version of REGPLOT6. The region input is summarized on
the terminal screen, and the user is then prompted for the input given in the REGP data block in
the version of REGPLOT6 in SCALE. After each plot is generated, the user is given a choice of
generating another plot or stopping executing of the program.
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;gram and library.
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ABSTRACT

. CESAR it a program for storing and retrieving input data for criticality calculations using the
SCALE systern. Each problem consists of a problem description and an input dataset to run the prob-
lem. Editing and updating features are described. As of January 1984,447 expenments were included 1

in the CESAR Iibrary. |
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M12.1 INTRODUCTION<

.

. The critical experiment storage and retnevst program (CESAR) was developed to provide a means
.

of storing input data for various cross-section preparation and criticality modules in the SCALE system.
Dese input datasets are based on documented critical experiments performed at national laboratories
and other installations. An effort has been made to assure that each expenment modeled has input
data compatible with the programs and cross sections available in the SCALE system.

De CESAR library contains prM sets that use cross section processing routines, transport cal-'

~I-h=. and Monte Carlo calculaticos. In many iamanc==, SCALE procedures such as CSASI (see
Sect. Cl) or CSAS25 (see Sect. C4) are called for. Each problem is based on a documented critical
experunent. The problem sets consist of two parts: a brief description of the expenment, and the data
needed to execute the problem. Each problem is assigned a problem ID and a citation ID. De prob.
lem ID is assigned based on the fundamental characteristics of the expenment while the citation ID is

,

C-

1 taken from the bibliography' developed for the Nuclear Criticality Information System (NCIS) at
-

Lawrence Livermore National Laboratory and_ identifies the reference that describes the expenment.
Thus, a user can search and retrieve datasets for various expenment types or for a particular reference.
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M12.2 PROGRAM AND LIBRARY DESCRIPTION'

1
'

The number of problems that can be stored by CESAR is limited only by the space available on the
.

storage device used. Procedures for adding to or correcting the data are included (see Sect. M12.4).
Data may be wian i in the form of printed output, punched cards, or both. Edits are available for

s.

the entire library, for an individual problem ID or problem ID list, or for a given problem type. :
'

Problem-type categories are by maximum and minimum enrichment,' by homogeneous or heterogeneous
- system geometry, and by fissile nuclide in the fuel. Edits may be made on one or more of these types.

of specifications. Edits are also available by citation ID. The octput from an edit may consist of the
h-

expenment description, the input data list, or both.

J 'Ihe problem ID is a 7 * ' integer. The first three digits specify the fuel type: 000-500 for 23sU,
23 mixtures, and 900 999 for 23sU. 'Ibe fourth digit is 0 for M=-7 a600-899 for "Pu or "Pu/y

systems and I for heterogeneous systems. The last three digits are the fuel enrichment to the nearest3-
a tenth of a percent.

Frample: 1071043 23sU fuel, hetema 4.3% enrichment
4 3

The citation ID refers to the reference from which the experiment was taken and is identical to the
reference ID used in the NCIS bibliography.' This means that all problems taken from a single refer-
ence have the same citation ID. In some cases, individual problems within a given reference are*

assigned arbitrary expenment numbers, which are for internal use at Oak Ridge National Laboratory.

1
A citation ID cross reference is provided so that if the input ID sought is not fouad, any available alter-3

nate citation of the same experunent will be found.M; . < , ,

L .U may be.. As of January 1984, the CESAR library contains 432 experunents. Additions! = ;- _ - -^=+
~

added at a later date. The experunerits are located in the library in order of increasing problem ID's.;j
|. Table M12.2.1 is a list of all the problem ID's and the citation ID's ==aa=*M Cth each expenment.*

1 Table M12.2.2 gives a list of citation ID's in ascending order, along with the associated problem ID's.
:1

It should be' emphasized that the problem impet data in CESAR were formulated to run with the-1
'1

|] SCALE dnver (Sect. M1) which requires a module activation record (an = or i in 'he first column
followed by t:ne module name) as the first data entry and a final data record with an END in columns

~

1-3. To run these datasets under AMPX or another system, one or both of these cards may have to be2

removed (for AMPX only the END record needs to be removed). Also, it should be noted that some
!j

problem sets contain two sets of KENO input data for the same expenmental model. The difference is'

M- in the cross-section sets used. At least one of the cross-section sets will be available with SCALE.
L,E However, several ro:A also contain KENO input data which usse the 16-group cross we-

Ij prended with KENO IV and described in ORNL-4938.3

di
%l-
..q

N
'.
>: .

'

t,

[ .

> .

,

,9

M12.2.1

h
*

* g.m
,

du * mM e %' 9 gi. 9 ee y T-

---4 ,..-
. ' - - , , _ - . .

- . - , , - % ,, p -- - - - - - . _. _, - _ ,r --- --- - - , _ _ _ - m _ _ _ _ _



_ _- - . .- - . - . . _ . _ - _ _ . - -.

'
.

- - ,

i
,

M12.2.2

Table M12.2.1 CESAR problem ID's listed in ascending order with the associated citation ID

Problem Citstion Problem ' Citation Problem Citation Problem Citation Problem Citation

ID ID ID ID ID ID ID ID ID ID

'11024 2125 591932 206 1081043 2112 1321024 2094 6020752 2110;; -
21024 '2125 601932 206 1081048 2129 1321043 2112 6020758 2110

31024 2125 .611932 1358' 1091043 2112 1331024 2094 6020770 1548

41024 2125 621932 -1413 1091048 2129 1361024 2094 6020859 2110

51024' 2125 641926 206 1101043 2112 1371024 2094 6020885 1453

61024 2125j, 651926 206 1101048 2129 1381024 2094 6020920 1677

J 91024 2125 661926 206 1111043 2112 1391024 2094 6020937 1588 I,

A 111024 2125 671930 2121 1111048 2129 1411024 2094 6020942 1588

Ii 121024 2125 681932 2095 ,1121024 2094 1431024 2094 6020944 1696 '

] 141043 2125 691932 2095 1121043 2112 1441024 2094 6020951 2110

5 161043 2125 700020 250 1121048 2129 1461024 2094 6020953 1502

2 171043- 2125 710030 250 1131043 2112 1471024 2094 6021920 1547

191043 2125 720020 250 1131048 2129 1481024 2094 6021944 1960"

211043 2125 730020 250 1141043 2112 1501024 2094 6030752 2110

221043 .2125 740030 250 1141048 2129 1521024 2094 6030758 2110
,

'

j 231043 2125 750045 2124 1151024 2094 1541024 2094 6030770 1548
" 240977 2086 781025 2126 1151043 2112 6000414 2110 6030859 2110

il 250932 164 791025 2126 1151048 2129 6000752 2110 6030885 1453

6 260932 1092 801025 2126 1161024 2094 6000758 2110 6030920 1677

0' 270932 1092 811025 2126 1161043 2112 6000770 1548 6030937 1588

i 280050 2131 821025 2126 1161048 2129 6000859 2110 6030942 1588 !

t]
* 290932 1199 831025 2126 1171043 2112 6000862 2110 .6030944 1696

a 300932 2119 841025 2126- 1171048 2129 6000885 1453 6030951 2110

'I 310932 2119 851025 2126 1181043 2112 6000907 2110 6031920 1547

j 321024 2122 861025 2126 1181048 2129 6000920 1677 6031944 1960 .

b 331024 2122 871025 2126 1191043 2112 6000937 1588 6040752 2110
!

]~ 341024 ~2122| 881025 2126 1191048 2129 6000942 1588 6040758. 2110

j. 351024 2122 ; 891025 2126 1201024 2094 6000944 1696 6040770 1548

a 361024 2122 901025 2126 1201043 2112 6000951 2110 6040859 2110

$ 371024 2122 911025 21261 1201048. 2129 6000953 1502 6040885 1453

[ 381027 2120 921025 2126' 1211043 2112 6000977 2110 6040920 1677 .i
j 390932 2121 931025 2126 1211048 2129 6000995 2110 6040937 1588

400932 2121 941025 2126 1221043 2112 6000999 2110 6040942 1588 1

. 410938 324 951025 2126 1221048 2129 6001885 2116 6040944 1696

d 420932 2004 961025 ' 2126 1231043 2112 6001920 1547 6040951 2110

I 430932 164 971025 2126 1241024 2094 6001944 1960 6041920 1547

j- .440932 2119 981025 2126 1241043 2112 6010752 2110 6041944 1960 ,

': 450935 1 991048 2129 1251011 2130 6010758 2110 6050752 2110

s 460932' 438 1001048 2129 1251043 2112 6010770 1548 6050758 2110

] 460940 1 1011048 2129 1261024 2094 6010859 2110 6050770 1548

1 470931 653 1021048 2129 1261043 2112 6010885 1453 6050859 2110

480931 653 1031048 2129 1271024 2094 6010920 1677 6050885 1453

'l - 490977 2086 1041048 2129 1271043 2112 6010937 1588 6050920 1677

500932 2095 1051024 2094 1281024 2094 6010942 1588 6050937 1588
'

-

'I 511932 801 1051043 2112 1281043 2112 6010944 1696 - 6050942 1588
.

521932 801 1351048 2129 1291024 2094 6010951 2110 6050944 1696 .

'

.

O $51932 110 1061043 2112 1291043 2112 6010953 1502 6050951 2110 -

561932- 110 1061048 2129 1301043 2112 6010977 2110 6051835 1960

571932 110 1071043 2112 1311024 2094 6011920 1547 6051920 1547-

5 581932 110 1071048 2129 1311043 2112 6011944 1960 6060752 2110
r;

,
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M12.2.3
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.

Table M12.2.1 (continued)

F
. Problem Citation - Problem Citation Problem Citation Problem Citation Problem Citation

L ID ID ID ID ID ID ID ID ID ID

6060770 1548 6100770 1548 6160944 1502 6230944 1502 6341885 2117:

6060859 2110 6100885 1453 6160951 2110 6230954 525 6351885 2117

3 6060885 1453 '6100920 1677 6161885 1547 6231885 2118 6361885 2117,

6060920 1677. 6100944 1696 6161920 1547 6231920 1547 6371885 2117 |

6060937 1588 6101885 1547 6170770 1548 6240920 1677 6381885 2117
;

S 6060942 1588. 6101920 2122 6170920 1677 6240944 1502 6391885 2117

6060944 1696 6110770 1548 6170944 1502 6240954 525 6401885 2117
*

.I 6060951 2110 6110885 1453 6170951 2110 6241885 2118 6411885- 2117

K 6061835 1960 6110920 1677 -6171885 1547 6241920 1547 6421885 2117

6061920 1547 6110944~ 1696 6171920 1547 6250920 1677 6431885 2117
'

6070752 2110 6111885 1547 6180770 1548 6250944 1696 6441885 2117

6070770 1548 6111920 2122 6180862 2110 6250954 525 6451885 2117

6070885 1453 6120770 1548 6180920 1677 6251885 2118 6461885 2117,

6070920 1677 6120885 1453 6180944 1502 6251920 1547 6471885 2117

6070937 1588 6120920 1677 6181885 1547 6260920 1677 6481885 2117

6070942 1588 6120944 1696 6181920 1547 6260944 1696 6491885 2117,

6070944 1696 6121885 1547 6190907 2110 6260954 525 6501885 2117

* 6070951 2110 6121920 2122 6190920 1677 6261885 2118 6511885 2117,

% 6071835 1960 6130770 1548 6190944 1502 6261920 1547 6521885 .2117,

0' 6071920 1547 6130885 1453 6191885 2116 6270944 1696 6531885 2117

4 6080752 2110 6130920 1677 6191920 1547 6270951 1538 6541885 2117

,. .
6080770 1548 6130944 1696 6200414 2110 6271885 2117 6551885 2117 ,

j. 6080885 1453 6131885 1547 6200920 1677 6271920 1547 6561885 2117 ?

.i 6080920 1677 6131920 -7122 6200944 1502 6280944 1502 '6571885 2117

1 6080937 1588 6140770 1548 6201885 2116 6280951 1538 6581885 2117

6080942 1588 6140885 1453 6201920 1547 6281885 2117 6591885 2117

]i 6080944 1696 6140920 1677 .6210920 1677 6290944 1502 6601885 2117

j 6081835 1960 6140944 1502 6210944 '1502 .6291885 2117 6611885 2117

i 6081920 1547 6141885 1547 6211885 2116 6300944 1696 6621885 2117

6090752. 2110 6141920 2122 6211920 1547 6301885 2117 6631885 2117

h 6090770 1548 6150770 1548 6220920 1677 6310944 1696 6641885 2117,

l' 6090885 1453 6150920 1677 6220944 1502 6311885 2117 6651885 2117

* 6090920 1677 6150944 1502 6220951 2110 6320944 1696 6661885 2117

'1 6090942 1588 6151885 1547 6220974 2123 6321885 2117 9000977 2119

6090944 1696 6151920 2122 6221885 2118 6330944 1696
2

Q 6091835 1960 6160770 1548 6221920 .1547 6331885 2117

6091920 1547 61:iO920 1677 6230920 1677 6340944 1696

= .

:

il .
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M12.2.4
,

Table M12.2.2 CESAR citation ID's listed in ascending order with the associated problem ID.

|

Citation Problem Citation Problem Citation Problem Citation Problem Citation Problem
ID ID ID ID ID ID ID ID ID ID.

|, 1 450935 1502 6020953 1548 6030770 1677 6150920 2094 1161024

1 460940 1502 6140944 1548 6040770 1677 6160920 2094 1201024

110 551932 1502 6150944 1548 6050770 1677 6170920 2094 1241024';o
110 561932 1502 6160944 1548 6060770 1677 6180920 2094 1261024

-110 571932 1502 6170944 1548 6070770 1677 6190920 2094 1271024

[; 110 581932 1502 6180944 1548 6000770 1677 6200920 2094 1281024

y 164 250932 1502 6190944 1548 6090770 1677 6210920 2094 1291024

!i 164 430932 1502 6200944 1548 6100770 1677 6220920 2094 1311024

!! 206 591932 1502 6210944 1548 6110770 1677 6230920 2094 1321024

206 601932 1502 6220944 1548 6120770 1677 6240920 2094 1331024y
~ 206 641926 1502 6230944 1548 6130770 1677 6250920 2094 1361024j

g 206 651926 1502 6240944 1548 6140770 1677 6260920 2094 1371024
4 206 661926 1502 6280944 1548 6150770 1696 6000944 2094 1381024

} 250 700020 1502 6290944 1548 6160770 1696 6010944 2094 1391024

[' 250 710030 1538 6270951 1548 6170770 1696 6020944 2094 1411024

250 720020 1538 6280951 1548 6180770 1696 6030944 2094 1431024
'. 250 730020 1547 6001920 1588 6000937 1696 6040944 2094 1441024

250 740030 1547 '6011920 1588 6000942 1696 6050944 2094 1461024
9 324 410938 1547 6021920 1588 6010937 1696 6060944 2094 1471024

.

q 525 6230954 1547 6031920 1588 6010942 1696 6070944 2094 1481024

if $25 6240954 1547 6041920 1588 6020937 1696 6000944 2094 1501024

h.-j $25 6250954 1547 6051920 !$83 6020942 1696 6090944 2094 1521024

j ' 525 ' 6260954 1547 6061920 1588 6030937 1696 6100944 2094 1541024
2 653 470931 1547 6071920 1588 6030942 1696 6110944 2095 500932

*

653 480931 1547 6081920 1.188 C040937 1696 6120944 2095 641932'

801 511932 1547 6091920 1588 6040942 1696 6130944 2095 691932jj.
' 801 521932 1547 6101885 1588 6050937 1696 6250944 2110 6000414A

d 838 4609F 1547 6111885 15S8 6050942 1696 6260944 2110 6000752

y 1092 260H2 1547 6121885 1588 6060937 1696 6270944 2110 6000758

1 1092 270932 1547 6131885 1588 6060942 1696 6300944 2110 6000859
i' 1199 290932 1547 6141885 1588 6070937 1696 6310944 2110 6000862
i' 1358 611932 !$47 6151885 1588 6070942 1696 6320944 2110 6000907

i: 1413 621932 1547 6161885 1588 6000937 1696 6330944 2110 6000951

'} 1453 6000885 1547 6161920 1588 6000942 1696 6340944 2110 6000977

1453 6010885 1547 6171885 1588 6090942 1960 6001944 2110 6000995
h 1453 6020885 1547 6171920 1677 6000920 1960 6011944 2110 6000999

!- 1453 6030885 1547 6181885 1677 6010920 1960 6021944' 2110 6010752

!? 1453 6040845 1547 6181920 1677 6020920 1960 6031944 2110 6010758

R 1453 6050885 1547 6191920 1677 6030920 1960 6041944 2110 6010859

W- 1453 6060885 1547 6201920 1677 6040920 1960 6051835 2110 6010951 '

l 1453 6070885 1547 6211920 1677 6050920 1960 6061835 2110 6010977

1453 6000885 1547 6221920 1677 6060920 1960 6071835 2110 6020752'

1453 6090885 1547 6231920 1677 6070920 1960 6081835 2110 6020758'
.

H 1453 6100885 !$47 6241920 1677 6000920 1960 6091835 2110 6020859 i

j. 1453 6110885 1547 6251920 1677 6090920 2004 420932 2110 6020951 ,

| 1453 6120885 1547 6261920 1677 6100920 2966 240977 2110 6030752 q
|- 1453 6130885 1547 6271920 1677 6110920 2006 490977 2110 6030758 ,)
!' 1453 6140885 1544 6000770 1677 6120920 2094 1051024 2110 6030859

1502 6000953 1548 6010770 1677 6130920 2094 1121024 2110 6030951

1502 6010953 1548 6020770 1677 6140920 2094 1151024 2110 6040752

._ . , , _ . _ _.
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Table M12.2.2 (continued)

L Citation Problem Citation Problem Citation Problem Citation Problem Citation Problem

, . ID ID ID ID ID ID ID ID ID- ID

<

2110 6040758 2112- 1221043 2117 6491845 2122 6101920 2126 911025

2110 6040859 2112 1231043 2117 6501885 2122 6111920 2126 921025

2110 6040951 2112 1241043 2117 6511885 2122 6121920 2126 931025

2110 6050752 2112 1251043 2117 6521885 2122 6131920 2126 941025
*

2110 6050758 2112 1261043 2117 6531885 2122 6141920 2126 951025

', 2110 6050859 2112 1271043 2117 6541885 2122 6151920 2126 961025

2110 6050951 2112 1281043 2117 6551885 2123 6220974 2126 971025'

2110 6060752 2112 1291043 2117 6561885 2124 750045 2126 981025

2110 6060859 2112 1301043 2117 6571885 2125 11024 2129 991048

? 2110 6060951 2112 1311043 2117 6581885 2125 21024 2129 1001048

5 2110 6070752 2112 1321043 2117 6591885 2125 31024 2129 1011048

2110 6070951 2116 6001885 2117 6601845 2125 41024 2129 1021048'

2110 6080752 2116 6191885 2117 6611885 2125 51024 2129 1031048
*

2110 6090752 2116 6201885 2117 6621885 2125 61024 2129 1041048

j 2110 6160951 2116 6211885 2117 6631885 2125 91024 2129 1051048

,' 2110 6170951 .2117 6271865 2117 6641885 2125 111024 2129 1061048

2110 6180862 2117 6281885 2117 6651885 2125 121024 2129 1071048

2110 6190907 2117, 6291885 2117 6661885 2125 141043 2129 '1081048

2110 6200414 2117 6301885 2118 6221885 2125 161043 2129 1091048

,N 2110 6220951 2117 6311885 2118 6231885 2125 171043 2129 1101048,

'/ 2112 1051043 2117 6321885 2118 6241885 2125 191043 2129 1111048

1 2112 1061043 2117 6331885 2118 6251885 2125 211043 2129 1121044
,

i' .2112 1071043 2117 6341885 2118 6261845 2125 221043 2129 1131048

2112 1081043 2117 6351885 2119 300932 2125 231043 2129 1141048~

-

a 2112 1091043 2117 6361885 2119 310932 2126 781025 2129 1151048

2112 1101043 2117 6371885 2119 440932 2126 791025 2129 1161048

[3 2112 1111043 2117 6381885 2119 9000977 2126 801025 2129 1171048

2112 1121043 2117 6391885 2120 381027 2126 811025 2129 1181048

I 2112 1131043 2117 6401885 2121 390932 2126 821025 2129 1191048

g 2112 1141043 2117 6411825 2121 400932 2126 ,831025 2129 1201048

it- 2112 1151043 2117 6421885 2121 671930 2126 841025 2129 1211048

.;_ 2112 1161043 2117 6431885 2122 321024 2126 851025 2129 1221048

2112 1171043 2117 6441885 2122 331024 2126 861025 2130 1251011''

: 2112 1181043 2117 6451885 2122 341024 2126 871025 2131 280050

e 2112 1191043 * 2117 6461885 2122 351024 2126 881025

,C 2112 1201043 2117 6471885 2122 361024 2126 891025

N 2112 1211043 2117 6441885 2122 371024 2126 '901025

W
3

d *
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MI2.3 PROGRAM FLOW

The main program reads the CESAR parameters that define the problem to be run. Subroutine
MESAGE is called to print the header page. Subroutines SCANON, SCANOF, and IREAD are
called as needed by the free-form data input system (see Sect. M3). If the library is being updsted,
subroutines COPY, ADD, and RIN are called. If an edit is requested, subroutines RLIB and OUTPT
are called, and if the edit is for citation ID's, CROSS is called.

Free-Foria Dada Impet Raudoes-

4

Subroutines SCANON, SCANOF, IREAD, FREAD, and AREAD are called at varicus places
throughout the program to control the reading of free-form input data. SCANON and SCANOF turn
on and turn off the scan-ahead feature which checks to see if the next item in the input stream is an

,

END. IREAD, FREAD, and AREAD read input data as integers, floating point decimal, or
alphanumeric data.

3
.

Sebroadme CROSS

This subroutine is called when the citation ID sought is not found; a cross-reference check is made
to see if another citation ID refers to the same set of experiments. If found, an edit of the alternate
citation ID problem set is given. RLIB and OUTPT are called.

Sabroadme PTYPE

'

,

i~ This subroutine searches for any experunents that fit the specifications of a problem-type edit. All
experiments that match the input enrichment, fuel type, and Mee-y =s or homogeneous require-
ments are edited. SCANON, SCANOF, FREAD, IREAD, and OUTPT are called.

,

a

!- .

Sobreedse OUTFT
,

This subroutine prints and punches the results of the edits requested by the input data.*

f
j Sekreedse ADD
q

k This subroutine writes the new CESAR library when the data is updated.

Sabreedse COPY
(:

This subroutine reads the old CESAR library for transfer to the new library during updating.

1
Sabreedme RLIB

.

This subroutine reeds the CESAR libryry for purposes of finding the data to be edited. All edit
, t,,es use o ronune.

.

:i

.
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M12.4 INPOT DESCRIPTION -

CESAR uses free-fonn input data (see Sect. M3). Enter one or more blanks between each entry.
All 80 cclumns of a card may be used. Bold face words or numbers represent actual data to be input.

- Module Activadon Record. Module name h==iaata-in column I, -CESAR

Data Record 1: Control parameters

IDA prehism ID to be edited or corrected. Enter 0 if not used.
y LIB e not used

1 make new library
,

2 add to old library
: 3. replace entry IDA
'

4 delete entry IDA
* 5 update citation ID cross-reference data

LEDIT 0 not used
1 edit entire library
2 edit entry IDA
3 problem-type edit
4 edit IDD array of ID's
5 edit citation ID
6 edit all citation ID's

:

'\ JTC 0 no effect
#j 'I print problem descriptica

j 2 punch problem desenption
3 print and punch problem desenption-

; JPD 0 no effect
4 1 print problem data
d. 2 punch problem data
j 3 print and punch problem data
i
~

KIDA citaties ID to be edited. Enter 0 if not used.
:

NEXA citaties experisseet me. Enter 0 if not used.'

Data Record 2: Problem-type data (enter only if LEDIT - 3)'

?
; ENRL lower ennchment, we. percent
u

ENRH upper enrichment, we. pereemt (enter 0 for no upper limit)

/ IHOMA e not used
I homogeneous

.i 2 heterogeneous
.; -

.

[ ; ~.

's t
:

|

.
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,

IFUELA 0 not used J l

g mU
~'

2 mPu or "Pu/*U
3 "U .

Data Record 3: Enter only if LEDIT = 4.
L . IDD Array of preWeen ID's to be edited. End the array with a zero entry. Maximum of 50 entries.

Data Record 4: Library additions or rd-ts (enter only if LIB = I,2,3, or 4).

. preMan ID ekades ID +-;- - * mussbar*

descripdes of proWesa (100 card =h)
ssss.

:) Impet data (1500 card -wi====)
$$$$

4

The above data can be repeated for as many problems as are added or repla.:ed. Terminate the data byi,

] entering a 0 for the problem ID. ,

.

'

Data Record 5: Cross-reference data update (enter only if LIB = 5).

MKID Array of 40 citation ID's not found in the h%rary but which are referenced to other citation

4 ID's found in the library. Enter 0 for values not used.

-

KIDX 5 citation ID's for each MKID entry. Each KIDX entry is a citation ID in the library

.

referenced by the . miin MKID entry ID. Enter a O for values not used.
.

I

j Module Ternunation Record: END (starting in column I)
,j The input / output assignments for the edits are as follows:
q.
i

LOGICAL NO. PURPOSE
.

5 card input

C. 6 printed output

j 7 punched card output
4

30 current libraryq

$~ 40 updated library

- 50 citation ID cross-reference data

.

i

a .

,
-

,

I.

:
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M12.5 SAMPLE PROBLEM

.

A complete library edit of the problem description is desired. Thus LEDIT=1,-Sample problem 1.
JTC= 1, and all other parameters are O. The input data would be:

-CESAR
- 001100e
' END

:

Sample problem 2. A search for all 235U systems with ennchment equal to or less than 3% is
deared. De problem desenption should be printed, and the problem data should be provided on
punched cards. Then LEDIT-3, JTC-1, and JPD=2. All other paime are 0. For the
problem-type edit data, ENRH-3 and IFUELA=1. All other items are 0. 'Ihe input data would be.

5 =CESAR
0031200.

- 0301
,

y..

4

.
Sample problem 3. A list of all of the problem datasets having a citation ID of 2112 is desired.

L
Thus LEDIT=5, JPD= 1, KIDA=2112, and all other parameters are 0. The input data would be:

0

b -CESAR
0 ,m 0 0 5 012112 e
l U END

,'

Sampic problem 4. A list of the problem descriptions and problem data for problem ID 511932 is
g

, desired. Thus IDA=511932, LEDIT-2, JTC-1, JPD=1, and the remaining parameters are 0. The'

input data would be:q
.. ;;
1 =CESAR

.

{t 511932021100
END"

The output listing for Sample Problem 4 is given on the following pages. Note that some edits can cre-

_ ate a large amount of printed or punched card output. -t

,
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IDA 511932 ID OF PROSLEst TO BE EDITED OR CORRBCTED
LIB 4 0/1/2/3/4/5 NO BFFECT/NARE NEW LIBRARY / ADD TO OLD LIBRARY / REPLACE ENTRY IDA/ DELETE ENTRY IDA'

/ UPDATE EOPOWEst CROSS REF
LEDIT 2 0/1/2/3/4/5/6 NO BFFECT/ EDIT BIRTIRE LIBRARY / EDIT ENTRY IDA/PROSLEtt TYPE EDIT / EDIT IDD ARRAY

! / EDIT EOPOWEN ID/ EDIT ALL EOPOMBII ID'S
JTC 1 0/1/2/3 NO BFFECT/ PRINT /PUNCN/ PRINT & PUNCE PROBLEII DESCRIPTIOIE
JPD 1 0/1/2/3- NO BFFECT/ PRINT /PUNCN/ PRINT 4 PUNCII PROBLEN DATA .

PROBLEIt ID 511932 BOPOWEN ID 001 EXP. NO. O
,

U IBETAL, 93.25 U-235, CYLINDER AIRIULUS 13.97 CM INSIDE RADIUS, 19.05 CN OUTSIDE
RADIUS, 10.11 CN NEIGHT. 0.09 CN RADIUS, 10.11 CN MIGN CYLINDER IN CENTRAL NOLE.

,

TOUCMIIIS NALL. UIIREFLECTED.
REFEREIICE: TRAIBS. AII. IIUC. SOC. , 7,207(1964)
SCALE IIODULE: CSAS25

=CSAS25
EBISO-5 VALIDATIOtt CASE R-1

.
MAIBSERI-ROACM IIULTISEGIOII

' U-235 1 0 4.4796-2 BatD
+ U-230 1 0 3.2271-3 END g'

BISO COISP F,

CYLINDRICAL BIID
[

<

1 0.09 NOEzTERIIOD 31:0 sOlsE,

EBIIO-5 VALIDATICII CASE B-1
READ PARAIE TM2=4 GBIs=203 BIID PARANi

READ GEOIt
CYLINDER 1 1 0.09 10.1992 9. ORIGIII -5.00 8.
CYLINDER S1 13.97 10.1992 9.
CYLIIIDER 1 1 19.05 10.1092 8.
EttD GEOIt
IIID DATA

) MD

4

$

|

|
BT TU, BRUTBt THEll FALL, CESAR.

'

1

a

d

I e
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v

; FRIMARY ISODULE ACCESS AND INPUT RECORD ( SCALE DRIVER - 11/24/02 - 16.595
:
.

se000LE CESAR WILL 35 CALLED TIME OF DAY 14.49.06 DATE 04.074
.

511932 0 2 1 10e
Bun

i

[*

NODULE CBSAR IS FINISNBD. C00BFLET2005 CODE - SYSTERE . 000 USEE 0000. CPU TIME USED .24 (35C00sDS ) . I/O'S USED 54.

uo

,
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ABSTRACT

l

The PICTURE program was written to provide aid in' prepanns correct input data for the MARS 1

geometry package which is a multipic array system using combinatorial geometry. It provides a printed )
slices through the geometry. By inspecting these pictures one may |view of arbitrary tC -' - =i

determine if the geoemetry specifed by the input cards is indeed the desired geometry. This report
describes PICTURE, its options, and input.
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M13.1 INTRODUCTION,

The PICTURE program was written to help the_ user determine whether his MARS input data
correctly describes his phy. PICTURE displays, as printed output, that slices through
the specified geometry. A regularly spaced array of points is generated and each point is plotted as a
symbol related to cather media, region, or zone, depending on the option selected by the user. By print-'

ing out this array, a rough picture of one view of the geometry is produced. The user may then look at
the picture and determine if the geometry is as intended. A sample problem is described in Section
M13.5.

.

I Running PICTURE requires the routines described in this report plus those making up the MARS
geometry package described in Sect. M9. MARS also uses routines from the SCALE subroutine

,

library.

PICTURE is used by some of the control modules in SCALE.
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M13.2 ROUTINES '<

.
.

.

.

,b .h.-)
.

. |;
: M13.2.1 Main Prograd.'_+' ,

.\ |' '

,.

. The executive routine for the PICTURE program sets the dn=*anian for blank common, the I/O'

. unit numbers, and the ratio of the number of characters per inch down the page to the number across 1

.the page, and calls subroutine PICTUR.

Sutdoutines' called: PICTUR !''
,

ra==aan required: Blank
, '. ,

i s- 6
y

Vardbbs changed: INT, IOT, RAYX, NDIMg.
i

'

e
!.: Significant internal variables:
E

>' j INN input logical unit (=5), .

.'
t

'

1 IOT6 output logical unit ('-6),

L RAYX- ratio of number characters / inch down to number characters / inch across page

Ii (default = 0.8 for 14 x 81/2 paper, user should use 0.6 for 14 x 11 paper).
|

d M13.2.2 Sabrendnes ',

4 e

J_D
. 4

% '

& Sabroudne PRINT (EXX, KYY, ATABLE)

ip .
This routirgcontr'c!s the printing of the picture. First it is determined if the picture is to be moreyt- -

than one "page3,(130 columns) wide, and then for each line of the picture on the first page the informa-h
i . tion to be printed is determmed by calling MESH and pinted with a 130A1 format. The next lines are ,

'

;j 3 - then calculated;and printed unt3 that " pag: tis tinished. Note that a page refers to width, not length.

j Dr ' ' Thus, as much detail ma,ibe obtained as necessary in both dir=c+iana by piecing together the output. ~
q_ 7 ,>

Called from: PICTUR1 .'t
e

q
I- ?%

j. W ,( Subroutine called: MESH i

'

!;,

f' 3 Commons required: PICT -

g.I , e 1!. . }. . ~

i
j 5 ( }t[Nariables required: \

-

l,

, . .j[ KXX- number of intervals in the U duection (direction of paper movement through the {

-j ~ printer),
.

~ . - )
.

'KYY- number of intervals in the V direction (line),
' . ' ~ t

.s.

MTABLE- table of charscters to be printed.
,,

![' ' Significent interval variable: i
, , ,

.. J ,
, , ,

.E | = NPAGES - number of subpiedares required;to cover the width of the total picture,
~) ey;gw

@ 10T - ' output Maical unit,
'

' NV - - punber of characters per line (characters /page width).'. i

3

'p/.i jM13.2.1
-%'

t- s

' >
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M13.2.2

Sehroutine MESH (XS, YS, ZS, NV)

Subroutine MESH is used by the PICTURE package to set up one line of print in the array
NSTOR. Both for efranency and to debug the MARS array geometry data, this version has been*

modified to work exar:tly like particle tracking.- CALI is first called to determine the zone of the first -

grid point. ' A trajectory to the last grid point is then initialized, and successive calls to PILOT, which
calls 'G1,' " track" a particle to the last point, setting the region of each grid point in NSTOR. By set-
ting IRG negative, zero, or positive, either NREG, IR, or NMED will be stored in the print array
NSTOR.

Called from: PRINT

~ Subroutines called. CALI, RESET, PILOT

ra==a== required. PICT, GOMLOC, PAREM, ORGI, REPEAT, ARAR, MG0MV, SS, JOMN2,
blank. -'

|: Variables required:

,

I

XS, YS, ZS - coordinates of first grid point, '!~

NV~ number of grid points,.

DELV- distance between grid points,

IRG - . flag to print NREG, IR, or NMED if kRG is negative, zero, or positive,
,.

XV, YV, ZV - coordinates of width (in direction V) of picture in geometry units. h
Variables changed: . NSTOR - print array.

-

,

[ Significant internal variables:
!:o
i' J- . grid point index,

ISTOR - value to be stored in NSTOR between successive boundary crossings, .
)

IROLD - present input zone number,

SUMSI - niimeance traveled on current line (DIST),

.

DLINE - - total distance to end of current line (DISTO).
. .

Sabroutine PICTUR (INT, IOr, NDIM, RAYX)

|
Subroutine PICTUR reads'in the input, cale=Ia'a= the coorviinat= of the picture to be plotted, and

|| controls the calls to other routines. There are several different ways in which a twM=aa=ianal slice
! through the geometry may be obtained. Dese different options are discussed in Sect. MI3.4 with dis-
i; cassions of the input. The characters to be printed for corresponding media or regions may be changed

| by altering the values in ATABLE as given in the data statement.
.

Called from: Main Program
.

,-],.Subroutines called: JOMIN, PRINT ;

_

ca==aan required: PICT, MGOMV.

. . . , ..;- - . . .nm ,. ... .. - - - - -. - . .,~~.-m
,

. . . . . . . . . . , - - . . . . , . , . . --. - , . - . - . , . - - - . . . - - . . , . . . . - - . . - - . . , . . , , . . .
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M13.2.3

l

Variables required: Severalinput cards are read.
.

INT - input logical unit.
IOT - output logical unit.

! Variables changed: All variables in cocanon PICT (see Table M13.2.2.1)

IPRET in MGOMVt
.

Squificant internal vanables.
1 !

NADD(1)- first location in blank comunon for storage of geometry data,

NCK - flag to indh*a which set of input options was used to define the two-
j

duneneinnel slice. *
-

$
:1 -
3

-m. ,

.
.-

.

g

d
o

.y ,

,

.

ab

'f.

.

,

, ,

.

,
, f(see Table M9.E.8)
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Table M13.2.2.1 Definition of variables in common PICT

Variable Dermition

DELU The increment in geometry units
between lines in the picture in the
U direction.

DELV The increment in geometry units
between lines in the picture in the
V direction.

X0,Y0,20 The coordinates in geometry units
definng the first point (upper left
hand corner) of the picture.

XU, YU, ZU The length (in direction U) of the
picture in geoantry units.

XV,YV,ZV ' The width (in u-A V) of the
,

peture in seoantry units.

NSTOR(130) An array used to store the
medium, region, or zone number
for one line of the picture.

IRG A flag indzating that region,
zone, or medium geometry param-
eter should be printed if IRG is q,
negative, zero, or positive, respec- g
tively.

.

9

0

.

4

0

e
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M13.3 INPUT DATA

1. Card PA: Format (I5) -

NUSE: The number of characters to be read on Card B to replace the standard values of ;

ATABLE. ' Leave Card A blank and omit Card B if the standard ATABLE is j
'desired. NUSE 4 50.<

2. Card PB: Format (50A1)(omit if NUSE = 0)
'

ATABLE(I), I-1, NUSE: The list of characters that are to be printed for each medium. For
medium N, ATABLE (N+1) is printed. If N D 47, ATABLE
(48) is printed. The standard values of ATABLE are:

.

Medium Number Charactor Printed

0 (eaternal void)
,

I through 9 .I through 9
10 through 35 A through Z

,

- 36 through 46 various special characters
.

> 47 (including (blank)
-internal voids)

3. GEOM input: MARS combinatarial geometry input.t
;- e .

.I 4. Card PC: Format (212,18A4)g:3

a = 0 After this picture, return to Card PC for ==athar
1 INCT: picture with the same geometry.

= 1 After this picture, read in a new GEOM input.

| (stop 3 above)
(t
?' = -1 Display the region geometry.

IRG: -0 Display the zone geometry.

.
=1 Display the material geometry.' , '

TITLE (I), I- 1,18 72 characters to be printed as a title.'

o

di

5. Card PD: Format (6E10,5)
4 .

- Xut
Yur. X, Y, and Z coordinates in the combinatorial geometry

of the upper left corner of the picture.

i' Zul
.

* 'Xu
Yu X, Y, and Z coordinates in the combinatonal geometry

of the lower right corner of the picture.

.Zu-

: .

( : 3. Note: Card PD partially describes the plane of the slice by def' ming two points in the plane and,
''''

designates the top, bottom, left, and right sides of the picture.

' tSee description of geometry input in Sectan M9.A.

.
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M13.3.2

6. Card FL: Format (6E10.5)

Ux,

Direction numbers proportional to the direction cosines

Ur for the U axis of the picture. The U axis points down
.the printed page in the direction the page moves through

Uz the printer.

V1
Vr Direction numbers for the V axis of the picture. The

Vr V azie : mints to the right across the page.

NOTE: Card PE compictes the description of the plane of the slice by giving a line in the plane,
also specifies the orientation of the picture on the output.

7. . Card PF: Format (215,2E10.5)

NU: Number of intervals to print along the U axis (overndes DELU).
NY: Number of intervals to print along the V axis (overndes DELV).

; DELU: Specing (in GEOM units) of intervals along tise U axis.
DELV: Specing (in GEOM units) of intervals along the V axis.

NOTE: All four entnes are not required as input on Card PF; see Section M13.4 for explanation.
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M13.4 OPHONS
4

1. Xu - Yu - Zu - 0.
1

-

For this case NU and NV must be specified. In addition, either DELtJ or DELV must be
specified. If the other is left blank, the code will produce an nad*=*arted picture. If both DELU
and DELV are specified, the picture is likely to be distorted. The standard printers give 10 charac-c

; ters to the inch across a line but only 6 lines pec inch down the page. Because of this,
DELY = 0.6'DELU is necessary to produce as undistorted picture.,

<

I

2.Xuor YuorZu 0.

If any one variable on Card PD is specified, the code will calculate the others to produce an
undastorted picture.

.:
If both NU and DELU (or both NV and DELV) are p% DELU (or DELV) will be

ignored.

The U and V axes may have arbitrary orientation. (If they are not orthogonal, the resulting,

picture will be distorted.) In Optaca 1, the first point will be at (X, Y, Z)ut, and the re== ning
points in the directions and at the ds=*=- specified. In Option 2, the range front Xur to Xu is
divided into intervals and the calcal=*=d points will be at the midpanats of the intervals. The first
point will be 1/2 interval past (X, Y, Z)yt and the final point will be within 1/2 interval of

j ,m (X, Y, Z)u. If (X, Y, Z)u does not lie ce the U-V plane, or if the U and V asas are not
!} Q/ orthogonal, the laentian of the final point is not reeddy ,,, " ^ -"-
7

The simplest method to obtain the correct results is to specify two diagonal corners of the plane

L
'

of the slice on Card PD, with the top having the short dbnension. Then, on Card PE, specify the

4 U axis to be parallel to the edge of the slice with the large di- (left or right side), and the V
: axis to be parallel to the edge of the slice with the small di====ian (top or bottom). Finally, let

;i the only entry on Card PF be NV equal to ===Imum number of characters per line on your

] printer; this will provide the largest undistorted picture.

6
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. M13.5 PETURE SAMPLE PROBLEM

This problem illustrates the use of the PICTURE program for looking at the geometry of a given
problem. The geometry being illustrated is a tank. This tank model was constructed purely as an illus-
tration of the combinatorial geometry and is in no way accurate or dotaded. Both the use of the OR

' operator and the ARB body is demonstrated. The input data are listed in Fig. M13.5.1. The output
,

and picture produced by the problem are shown in Fig. M13.5.2.
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L- M13.5.3
.

9

3

')

7

.1 ETA 0
COMBINATORIAL GSONSTRY TANR SANFLE PROSLEN

O O O 10
ARS 1.25 -1.25 .5 1.25 -2.0 0.0

1.25 2.0 0.0 1.25 1.25 .5
-1.25 -1.25 .5 -1.25 -2.0 0.0

-1.25 2.0 'O.0 -1.25 1.25 .5,

1234. 4158. 6507. 2673. 5621. 4370.'

BLL 0.0 .5 .5 0.0 .5 .5

|} 1.5
TRC '0.0 0.0 .8 0.0 2.5 0.0

.1 .05
,.

1.R5 1.25 -2.0 0.0 1.25 -1.8 .8

1.25 2.0 0.0 1.25 1.8 .8

| -1.25 2.0 0.0 -1.25 1.s .s
-1.25 -2.0 0.0 -1.25 -1.0 .8

-l 1243. 7135. 8756. 2464. 7521. 3465.
30X 1.25 -1.979 .6095 0.0 .350 .179

0.0 .2 .4 -2.5 0.0 0.0

S0X 1.25 1.979 .6495 0.0 .354 .179
0.0 .2 4 -2.5 0.0 0.0

BCC 1.25 -2.0 .2 .-2.5 0.0 0.0

.2
BCC 1.25 -1.8 .6 -2.5 0.0 0.0

.2

E RCC 1.25 2.0 .2 -2.5 0.0 0.0

.2

BCC 1.25 1.00 .6 -2.5 0.0 0.0

BCC 1.25 .9 .6 -2.5 0.0 0.0

b 'I

! RCC 1.25 .45 .3 -2.5 0.0 0.0

.2',
RCC 1.25 0.0 ..$ -2.5 0.0 0.0

' .2
- DCC 1.25 .45 .2 -2.5 0.0 0.0

.2J .

RCC 1.25 .9 .6 -2.5- 0.0 0.0'
l .2

377 -10. 10. -10. 10. -10. 10.
END>

e 51 +1
-' 52 +2 -1

53 +3 -2
,

S4 OR ' +4 -7 -8 -9 -10 -11 -12 -13 14,;
|4- -1503 +5 -7 -803 +6 -9 -10

.

# 55 OR +70R +00R +902 +1003 +110R +120R +130R +1402 15
- 56 +16 -1 -2 -3 ' -4 -5 -6 -7 -8

-9 -10

h
'""

i 1 1 1 1 1 1

$*0
1 2' 3 4 5 1000

' *
0

00 TEIS IS A CONSINATORIAL GEONSTRY TAFR.
0.0 -3.0 ~-2.0 0.0 3.0 2.0

0.0 1.0 0.0 0.0 0.0 1.0 .

130

Fig. M13.5.1. Input Data for PICTURE Sample Problem
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.

COMNNATORIAL GOOMETRY TAME SAMPLE PROBLEM j

IvorT - e IDoo - e
. .

a0DY DATA

* ARS I &l2300000+41 Almaman+48 0J000I00D+09 &l2300IeD+43 a iemmamen+ 08 40
412300010+9 m innsamen+gt 40 412500000+04 482300000+48 &S5000e00+es
4125000BD+95 Agumman+gt g3egggggD+gt 41230000D+44 420ggen00+4R 40

4

41230EEED+4l a imammman+0B 40 482SeeBID+0B &l2300000+et genaamman+ge ;

&l2340 BID +M &41500eID+M RM01eeS+M &26730BgD+M RS62100S+M &437etB00+M
AlW000W+0B te &G &l23000m+61
44 44 Alfa 00S+44 SSSIGIMD+00
&l950500D+4B Le &$ &l2SeIIS+48
&S to &lWIIs0D+44 Le
8.0 &S$41eBID+ 00 4t*,20SSID+# &ll8M00D+04
44 ASS 41eIGD+0B 48 20503D+49 &lleMeeD+41
&t30700+00 &4000000D+48

ELL 2 48 dieIBIOS+00 &S00000ID+49 &S R300seISD+es &SegeIGOD+G8
&lemmamen+eg

TRC 3 48 48 L4000 sew +M te 42SugeW+48 64
tiegesseD+ge a emannannat

ARB 4 &I23000ED+01 4200B000D+48 44 &I230BBID+48 41000000D+61 48000000D+00
41230138D+44 km0000ED+44 ' $$ &I2$0gMD+48 18080585D+44 a mammamen+ge

41230009 +44 a waaman+48 40 442300000+44 4888E015D+44 44egeneD+#

4123eORID+0i 4210000W+98 48 4823000W +0i Altese000+0i 4aelseseD+es
Al2438000+M A71330eOD+M &8750000D+M L20640000+44 4782100m+44 tw*mhan+04

48000000D+04 0.0 &G 412300000+48
&S &O 41000000D+41 Le
110000000+08 &O Re 482305e1D+03

0 ge ge ggggggggo+,, ggggggggo+g,

te &919142SD+0e 424252360+4B &ltme20$D+04
&O 4910842SO+et &2423234D+49 - ' &l94830SD+01
&a3462tlD+0s a saamaann+gt

!:
2 :C as &238I180D+00 &l790000D+0BJ BOK 5 1823eleID+40 41919800D+44

i u 42smegm+= tessessm+m .&2SeemsD+. u u:
j eDK 4 &l230EgeD+44 &l91980ED+48 44099505D+4B 44 43300B0ED+e0 &l190gIW+et

g- as &2seemID+es tessesseD+es 42SessesD+es te to

4 RCC 7 RI2SeleID+4B 42BeggIED+04 42855885D+0B 42500E0m+41 44 &S
i aimamamen4 3e

. RCC 8 4123e005D+49 41800015D+4B 44000000D+00 42300000D+04 to te
a sammamen+ge

. . RCC 9 48230E010+44 a inamamen+eg 43seggesp+gg 433gegggp+gg gg gg
9 REMEIED+90

RCC le 4123000m+4l 410000000+41 24aemamen+ge a mammen+98 40 LO

<1 &2s0IeseD+m
.i RCC 11 &l25 egged +0i 4900000ID+49 4400I000D+0$ 423801800+48 44 &S
i 41ESIIISD+49
D RCC 12 &l230ESID+01 44SIBISED+ge _ainamamen+es 4333g3ggD+44 44 40

R2eBeseID+4B
RCC 13 4 23e8580+41 te a mammamen+ge 423e8350D+01 40 &O

a imamamen+co
RCC 14 &l23000ED+98 tesessesp+es 420000eeD+00 4230e000D+41 48 0.0

$25005800+49*

RCC IS 4I230000D+41 a mmenamen+ge 4gaggggID+et J mmenan+gg gg gg
&aseIIseD+= -

RFP 16 486e00800+42 &l0BIseW+02 480E0EI0D+03 &l00W000+02 489000EED+02 &l0000000+02
.

wuMegaorsoDias i6
LaMOTil OF PPIMRRAY 232

;

); .. .

.

;. .

t

- Fig. M13.5.2. Output of Combinatorial Geometry Tank Sample Problem
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Mi3.5.4

IIWUT 2ONE DATA
INFUT 20NE CODEZONE BODY NUMEERS .

21 I I I
22 2 2 2 .I
23 3 3 3 2

24 4 4 4 of 4 9 .le 51 12 33 -14
- 13

S OR S of 4
6 OR 4 -9 40

25 $ 7 7
8 OR S

9 OR 9
le OR 10'

II OR 18
12 OR 12
13 OR 13
14 OR 14
IS OR 13

28 6 16 le .I 2 3 4 5 4 7 4
9 -19

NUMBE OF DWUT 20NM 4
NUMBER OF CODE 20NES le
LENGTIR OF INTEGER ARRAY 453

CODE 2ONE INPUT 20NE ZONE DATA LOC. NO. OF 300135 R5010N NOL ME0lA PG - BOX INPUT 2ONE BOX CODE 2ONE
I I 153 I I I 9 0

2 2 li9 2 1 2 0 0

3 3 130 2 1 3 0 0
4 4 141 10 1 4 0 0
$ 4 192 3 1 4 0 0

6 4 288 3 1 4 0 0

7 3 234 I i 5 0 0

. 8 5 230 1 I 5 0 0
*

9 3 2M I I $ 0 0

t- le 5 342 I I 3 0 0
Il 5 240 t I 3 0 0 A
12 5 254 I I S* 8 0 M' .

'
I 13 5 300 t i S S 4
I le 3 ass I I 3 e 4

13 $ 272 1 -I $' S S

le 6 278 II I 8000 0 0 .

I KRl(I) KR2ll)
I 'l I

. 2 2 2

3' 3 3;
$ 4 4 6

% 5 7 13

; 6 i4 16

I MORSE REGION IN INPUT 20NE(!) ARRAY (MRIEULI=l.6)

| I l' I I I
.

MORSE MEDIA IN INFUT 20NEG) ARRAY (MMI2t!LE=l,6)

i 2 3 4 3 1988

' ~

-MORSE UNIVERSE IN INFUT 20 MET) ARRAY (NB12!!LI=l. 6)

0 eee80
0FTION 9 WAS Um IN CALCUIATING VOLUMW. FOR I R300005
W VOLUDEM = 1. IN WHmm,34AM, HIWUTTOLUMM.

k

[
vounW:( Ce ) usgo n. amusRN. O =rr AN. tract L= ann MrnamRs.
- t ,.

TOLUDGE l. seed +4e*

'

ARRAY DATA REQUIREE 8 LOCATM LEAVING .12707 LOCATIONE
-

I

*
.

Fig. M13.5.2 (Continued) >
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.

THIS IS A ColdEENATORIAL GEORWTRY TANL
ZONE OEoteETRY
THE SELECTED ATAEE2 YALI.M ARE

I E7A8
UPPER LEFT . LOWER RIGHT

m m8ATEB COORDINATES
X te &G
Y 4JeIEE+4s a w+et
Z 42EEEE+0L - &2E50E+44

U AXE Y AXIB
(DOWM) (ACROW

X to 6e
I Y Im te

Z 48 IM
NU= 157 NV= 130 DM= 43086548 DELV= SJWME41

__ - . - ---- . .. . . . . . - . - _ _ . - - . - . . -
-

, . _

t'
!
..

Y

Fig. M13.5.2 (Continued)
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M13.5.6

e m ee000 m
AA00?00000000 i

AAAAae000 eof.dO9000
a0444A4 ace 00000000000

0000000004a00000000000e01
00000egaaaa a "aa^aa 200000a11

0000e000000004A000 00000 AA111
.gaggggggagaggg g gna .

800000000e000^^^^^^^^^1Aa&111111
4eeeeeeeeeeea^^^^^^^^^^^^^1111111
un seestee^ ^ ^ ^ ^ ^ ^ ^ ^ ^ a4&aAA11111111
44aaaaAAAAAAa m m aaAataA111111111
444M444M AAAeaaaeaA AA AAa&1111111111
gagamama n a mu aaa aaana s g g gg ggg gg g
444aeahaaaammaamaaaaa4111111111111
amaaaaaaaa aumammanag q q gggggggggg
sammuaAAAAAA&4&aaaaaA11111111111111

f-
44444444M A ^ ^ ^ ^^ ^ ^ ^^ ^ ^ ^ ^ ^ ^1111111111111111
444aae4444484mm m m ' 111111111111111

p 4 m m m a aam MAAAmaeaA11111111111 11111
i am m m a a m 34aaA AAAAAA1111111111111111
|

4440ees.s.e.eaa 4. Aaa m mana l t ! 1111111111111gamana mana ...a .......eagggggggggggggg
-.... . . . * * * . .. ...gg g g g g g g gg g g g g g g

annamana mana maa naa n.. aa n e g gg ggggg g ggggg
manananannama a a a a a a a a a a aan i e i g g g g gtg g g gg g g

,

44eeeeeeeeee um m a AA AAA t & L 1111111111111
440esee0000 AAAAAA AAAAAAAAA1111111111111111
44AA000004 A AAAAAA AAA AAAAAA1111111111111111E8450E
44AAAA44 AA44 AAAAA A AA A AAAaa1111111111111111EEEEE EGE E
4444444A AAA AAaaa0000000 AAA 1111111111111111EE E E E EE E EE E
44444aa4 AAAAAaee00000000041111111111141111EE EEE EEE EE E E
444 AAA44M A AAeseee0000000011111111111111118EEEE EEE EEE EGE.

44444444444Aaese000040 0001111111111111111EEEEEEEEEEE8EEE
44444444 Aa 44A0000000000000111 1111111111111 EEE E E E EE EE EtEG E
444 aaa44 aAAAaaesseeeeoGes &1111111111111111EGE EE E f t eE E EEE t te

b 444 AA44444AAAaa0000000ee aA 111 1111111111111EE E EE EEE EE E EEE 888
l 44444444a44mm aan9 MAAa11111111111111118EEEGGGE EEE EM EEE

ma a aaaa a aa a a aaaaa aaa aaaaaan s g ggggggg g ggggggggggggggggggggggg;.
l. 44000000estaaaaaaam mu!! ! ! ! 141111111118EEE S SEE GEE EEEEE E E*

I, a naaaammamaamaaamanamana: a e 1111111111g113333ggesget0g333ge
j - - m u m m u.5 3ggiggigggggggggg.cgegge,,geseg... ... ...............g

111111111 111 EsseefeessesteEs 3,

annanamanamanam aaamnaa a g ligti111 gig 11gg333 egg ggeEg3333E q:
''' aseeeeeeeeee4&aaAAAaaaaMA!! ! 1118111111111080888888EE 0088800

I 44 assesseee m mm m m 11111111111111118558 E ESE SE E000058 E
? 4444A444aaa m m m a4Ana&l1111111111111110SE E E EEE EEE MESSE E

d 44444444AAA AAAAAAasse AAaaalt t 1)!!!!!!!!!!!EEE88ESEEEEEEEEEE
|- 4444A444Mmmamanaamm u n gg g gggg111 ggg ggggggggggggggggggg

444AmmAAa00seesees se4111111111111111189E9999998888859
444&AAAA AAa AAa00000000e

Gee 111111111111111188 E88888884488 E
,

il
Q 4444&aaa AA&aasee00000e00001111111111188 E !!sESSSEEE EESSEGE
q. M4 M ue M m - 11111111 ll:1111essesEsseestee

4444444444A44a0e00000000041111111111111111EE859998995E7'

444aaaaaaa4 Aaaaa0000Gue a44118111111111111159895808 E8E??'

j m AA A&&&A AA AAAA&&&&A.aAAA A R 11111.111111111 eGaSSeeseTTff
444aeseseaulaaaaaaaaaaaaA411111181111111100000E ffffff
44 seeeeeeeea um maaaaaalt L !!!!!!! 111111 ifffff.
g namanannaama na na naa ama naa a i g g gItill t !!!!! TTTT??

P . ... a a. . . . . . . .. . . . g g g g g g g g g g g g g g ???g??

, aaaaaaaaama= a a a a AAAaaaaaa1111111111111111 iTTTTT
1 aaa a aaaa** = aAAA MaAAAAAA1111111111111111 ffffff

4eeeeeeeeeeemaaaaaaaAAAAAA1118 lit 111118111 7fffff
444eeesseeasaaaaaaaamm4111111111111111 ffffff
4444444aaaaaaa4Maaaaaaaaa1111111118111111 ffffff
44444aAAAA4&aaaaA AAAAAaaae t t 11111111181111 ffff ,

4444444aMa seaaaaaaaa4&aaa!!11111118188 8 !! TTTT
444Masaaaa aaaaaaaaaaaaaaa!411814111111114 ffff

444aaaMaaa aaaaaa aaa mm t t 111111111111 ????
4444aaessaa a m ma m aeade&41114188111 11 ffff*

amanmaaamaammmaAa a a 111111111 ????,
? 444aaaaaaAAaaaaaaaaa aaaa44411 t i ll1111 ????

l 444aaaaaaAAA4aaaaMaaamanat t t t t 11111 Tiff

} 44444aaaaaeaamammm411111111 ffff

4 444 seessee4AAAaaaaaaaaaaaet t i 11181 ??ff
? 4eessagessesmaameaaaas1111111 77TT

1 e_eee_eeeee_eeeeaMamumustn1111
nff

mm a mm. - nng ---a - u.
11
a nff .,

ammana ammananmaan a e a ???f
a sesseeeMesseeeeeeeeeet nff

I} AAAaaaaa00ecesteesese 77iT
I AAA&a0000eseestese ????

-

Meeeeeeeeeee nn

O)00eGGG000 f1??
nff -

~

??fT
ffff
777f
????
????

Fig. M13.5.2 (continued)j
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ABEmtACT

The COMPOZ Data Ouide used to create the Standard Composition Library is described. Of par.
ticular importance is documentation of the COMPOZ input data rde structure. Knowledge of the rde
structure allows users to edit the data rde and subsequently create their own site-specific composition

,

library.
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M14.1 INTRODUC110N
.

COMPOZ is the program which creates (writes) the SCALE Standard Composition Li rary (see%

Sect. M8). Data are input in free form using the AREAD, FREAD, and IREAD functions in
SCALE (see Sects. M2-M3). A card-image data rde containing the input to COMPOZ (and conse-s

- quently the standard composition data) is available with the SCALE system. Execution of COMPOZ
using this data rde creates the Standard Composition Li%rary currently available with the SCALE

M=== This section primdes documentation of the data rde structure. Knowledge of the data fde
- structure aron = users to edit the data fde and subsequently create their own site-specific or user-specific

composition library.

COMPOZ is intended to create or make oermanent changes to the composition library and should
not be used for any other purpose. To avoid confusion with the Standard Composition Library provided
with SCALE, it is strongly i+= =M that only agg keywords and compositions be used in any

- site-specific or user-specific library.
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M14.2 INPUT DATA DESCRIP'110N
i

.

COMPOZ input data are entered in free form (see Sect. M3). Alphanumeric data, such as
nuclide and compoeition names, must be followed by two or more blanks before the next data item is
entered. Numenc data must be followed by at least one blank. The COMPOZ input data file contains

.

six data records or blocks:

.1. The head record contains the library identilb*6. date, a set of y rm describing the size of
the hbrary, and a three-line library title with 80 characters per line.

2.~ The standard ca-pa=iion Lmy contains the names and the number of words required to'
t

describe each standard composition. Individual nachdes, mixtures, and compounds are allincluded

i- in the directory and in the standard compostion table, winch will be described later.

3. The 'nuclide informat== table contains the nuclide identification number, atomic mass, maac=
energy cross sections, and a r==a===c= nuclide identifier for each nachde.#

4. The isotopic distribution Amy lists the identirx:stion number of each element that allows a var-
iable enru hment of the individual isotopes that make up the element. It also contains the number
of words required to describe the default enrw h= mat, given in the isotopic distribution table.

5. The isotopic distribution table contains the auchde identification number and the percent of atoms
of each nachde used to give the default ennchment of each element in the isotopic distribution
directory.

6. The standard composition table contains the theoretical density, number of elements, and other
Information about each standard composition. It includes all individual nuclides as well as mix.

; .
tures and -panad=j

_ .a
Note that for -e=tiar COMPOZ via SCALE aa =COMPOZ is required in the first eight colemas of

|' a record preceding the head record and an END is required in the first three colemas of a record
inserted after the standard composition table data.| '

i

!i It is necessary for the word count in the standard composition O ; y and the isotopic distribution
directory to be correct since it is used to determine the space allae=*iaa and address of iteams in the

s.

!- direct access dataset wnttein by COMPOZ.
*

.

M14.2.1 HEAD RECORD CONTEN13

1. IDT Library update number.

2. MDY Date - six digits, month, day, year.

3. NSC Number of standard compositions.
i

-

4. NNUC Number of nuclides.
'

5. NELY ' Number of eiensents with variabis isotopic distribution.

6. MXELSC Maximum number of elements per standard composition.

7. MXISEL Maximum number of isotopes per element with variable

. isotopic distribution.

8. TITLE Three-line title with 80 characters per line.
.

M14.2.1
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M14.2.2

MI4.2.2 STANDARD COMPOSITION DDtECTORY 'l
.

1. SCID Composition name, ===imum of 12 characters.

I' 2. NWD Number of words of storage in Standard Composition Table
for above composition (NWD = 5 + 2 * Number of elements)

Repeat items I and 2 for all compositions. Nuclides are entered first, in order of increasing auchde ID,
followed by mixtures and compounds in arbitrary order. There should be a total of NSC pairs ofs

entries.
.

.

NUCLIDE INFORMATION TABLE
.

MI4.2.3-

,

.

1. NZA Nuclide ID. This should be the mass number + 1000 * the atomic number.

.

2. AM Atomic mass, C-12 scale.

3. SIGS Resonance energy scattering cross section, barns.

4. SIGT P-== energy total cross section, barns.
.

5. JRS P-aar= nuclide identification. Q;; _0, no m=- data;
- 1, r==aaaan= data.

-

6. MTS Multiple thermal scatter identifier. Enter 1.

a
t.*

d. The resonance energy cross sections are averaged over the appropriate energy range for the nuclide.

.I Items 1-6 are repeated for all nanI-I= There should be a total of NNUC sets of entries. Entries
should be made in order of increasing nuclide ID.

MI4.2.4 ISOIUPIC DISTRIBUTION DDLECTORY
,

'j: 1. - N Z N 1000 * atomic number of variable isotope elements.'

2. NWRD Number of words of storage in the isotopic distribution table for this element.f. (NWRD - 2 * number of isotopes in the default abundance).
.

There should be a total of NELY pairs of entries.'

I M14.2.5 ISOf0Plc DISTRIBUI10N TABLE
4

l. 'ISZA Isotope ID'

,

2. ABWP Default at"- . atom percent.
.

.

.

4
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M14.2.3.

The default abnadaar= is generally the naturally occurring abnadaaca For each element, items 1
and 2 are repeated until 100% total abundance is described, making a set for this element. The next,

element is described in the same fashma in the next set, etc. There should be a total of NELY sets.
These sets must be in the same order as the NZN element estries in the isotopic distribution directory.
The number of isotopes per element cannot exceed MXISEL

M14.2.6 STANDARD COMPOSITION TABLE

3
1. ROTH Theoretical density, sm/cm .

2. NEL Number of elements.

3. IVIS Does first element have variable isotopo distribution?
O, acc

1, yes.

4. ICP 0 for a mixture,
1 for a compound.

5. IRS 0 for ao resonance data,
I for resonance data in any constituent.

6. NCZA Flammat or nuclide ID

.
7. ATPM Weight percent if ICP=0. Number of atoms per molecule if ICP-1.

For each composition, items 6 and 7 are repeated until all components of the compasiriaa are
described. There should be NEL pairs of entries. Items 1 through 7 are entered la a similar fashion
for all compositions. There should be a total of NSC composition descriptions. IF IVIS-1, the first
NCZA for that composition must be one of the NZN values from the isotopic distributions directory.
Only one isotopic distribution al==aat per composition is allowed. The compositica descriptions must
be la the same order as the composition names it, the standard compositica directory.
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M14.3 UPDATE PROCEDURE AT OAK RIDGE FACILTI1ES

As stated previously, updates obtained by the gEh described here are considered permanent.
For this reason, no changes should be attempted without the approval of the individual la charge of
maistaaning SCALE datasets. At the date of this report, this is L M. Petrie of the Nuclear
8=f- g Applications Department, Computer Services Dwision. The results of any update should
be checked carefully to assure that it was executed properly, and test problems should be run to verify
that the Standard Composition Ubrary is tsactioning properly.

'Ibe job control f*=*====*= required for sa update are outlined below.

//A EXEC LIBR
// MASTER DD DSN=XXXXX, DISP =SHR
//SYSIN DD *
-oPr
-SEL YYYYY, EXEC
LIBRARIAN ==an required to modify data entered here.'

! END
//B EXEC SCALE
//GO.SYSIN DD DSN=*.A. EDIT.OSJOB, DISP =(OLD, DELETE)

In the above, XXXXX is the dataset name of the LIBRARIAN master containing the COMPOZ input
data module, and YYYYY is the module name.
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FOREWORD FOR SCALE MANUAL

This manual describes a- system of computer codes for performing
Standardized Computer Analyses for Licensing Evaluation (SCALE). The

- SCALE system was ocaceived and funded by the' U._S. Nuclear Regulatory
,
'

Commission to satisfy a strong need for a standardized method of
. analysis for the evaluation of nuclear fuel facility and package designs.

Thus, the SCALE system will lead to a common understanding on how these
I designs will be evaluated by the NRC.

The overall goal of the SCALE project has been to develop easy-t>
use analytical sequences which are automated to perform the necessary
data processing (e.g., oross-section preparation) and manipulation of

,

; well-established computer codes (functional modules) required by the
sequence. Thus, the user is able .to select an analytical sequence,

oharacterized by the type of analysis (oriticality, shielding, or heat*

transfer) to be performed and the geometrio complexity of the system
being analysed. The user then prepares a single set of input for the -

,

control module corresponding to this analytical sequence. The control,

module input is in terms of easily visualized ' engineering parameters
specified in a simplified, free-form format. The control- modules use

]. this information* to derive additional parameters and prepare the input
for each of the functional modules in the analytical sequence.

#_ I''- Provisions have also been made' to allow the user to execute the
.,

functional modules on a stand-alone basis. Stand-alone execution of'

the functional modules enables the SCALE system to be used for.a wide
| ' range of nuclear and thermal applications.

-In developing the SCALE system, an attempt has been made to adhere
to certain criteria that would make SCALE an attractive computational
tool-for both the novios and experienced analyst. Some of the criteria
are to:j

! a) develop a system driver which minimizes the computer core and
running time,

b) develop control modules which require only a simplified set of

|
input,

,

-

-

,

,
0) develop control modules which automate and couple the data

'

| processing and systems analysis into standard analytical

L) .
sequences,

_

_d) provide self-oontained and thorough documentation for the'

.
,

], entire system,

e) use wel)-established functional modules and data libraries
that have a wide range of applicability and a proven record of

'

reliable performanos.
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)I The overall objective of following these criteria was to develop SCALE
as a system leading to analytical standardization.

*

The control modules available with SCALE are documented in Volume 1
of this manual. The SCALE system contains a wide assortment of control |'

modules for performing criticality, shielding, and heat transfer analy-'

'

-_ sis. ' Q iticality jatety jpalysis jequences are referred to as CSAS1-*

CSASn and are described in Sections C1-Cn. Likewise, the shielding and

heat transfer analysis sequences are called SAS1-SASn and HTAS1-HTASn,~

respectiveJy and are described in Sections 31-Sn and H1-Hn, respectively.g
a i

J Volume 2- of this annual provides documentation for each of the
| well-established functional -modules used within the SCALE system.

These sections are referred to as Sections F1-Fn. The functional modules |
-

include codes for data and/or cross section preparation (e.g. BONAMI-S

l and NITAVL-3), criticality analysis (e.g. ISDRNNS, KENO-IV/S, KENO-Y),
? shielding: analysis (e.g., ISDRN N S and MORSE-SGC/S), heat transfer ,

analysis' (HEATING 6), and- depletion analysis (0RIGEN-S). The "S'-

a

attached to the name of some functional modules indicates that the code
1- was originally developed outside of SCALE and modified for use in the

SCALE system. The exception to this is the HEATING 6 code which is anh

upgrade of HEATIN05.
.

Volume 3 of this manual provides documentation for the miscelle-
(i y

neous- (but important) components of the SCALE system. These sectionsg.

.

are referred to as Sections M1-Mut and include descriptions of the systes ,; _
H driver, the subroutine library, the input systems, and the data,

I material composition, and property libraries. The data libraries j
include a variety of well-established cross section libraries, as well

y ,

as some new libraries developed within the SCALE project.
i

M

]: The SCALE Manual is being released in a modular fashion; i.e., as |
each new component of the SCALE . system is developed and released, a new2

section will be added to the SCALE Manual. Also, the documentation isj
3' released in looseleaf form so that as corrections and small revisions
; are made to the various modules, new or revised pages can be easily

issued for the Manual.- The List of Revisions issued with each releasen
'I of new documentation provides a list of the NRC publication dates for
i each new or revised section and/or pages. i

j

j The SCALE system is being packaged and distributed by the Radiation
F Shielding Information Center - (RSIC), located at Oak Ridge National
d ' Laboratory. 'A limited version of SCALE (SCALE-0) was made available to

' RSIC in July 1980. Significant revisions and additions have'been made#

to SCALE and new versions were released as SCALE-1 in 1982 and SCALE-2
in 1983. This latest issuance of documentation should upgrade the exist-4,

h
ing documentation to match the SCALE-3 version of the system presently

'

,

g being issued by RSIC. Only IBM versions of SCALE are currently available
L from RSIC with the exception of SCALE-0 for which a CDC version is
: available. Requests for the latest SCALE code package can be asiled tot i

K

h| -
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Radiation Shielding Infdrmation Center
i . Oak Ridge National Laboritory

P.O. Box-I ,

Oak Ridge, TN 37830
'

$
. ! + 1

, o. telephoned to e l

e
.

' ' , 'i

a.rea Code 615; 574-6176 or to FTS 624-6176.
'

ss

, / .k*

s C. Y. Parks
7 SCALE Project Leader,

''
Oak Ridge National Laboratory'
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FOREWORD FOR SCALE MANUAL

,

This manual describes a system of computer codes for performing
Standardized Computer Analyses for Licensing Evaluation (SCALE). The'

J- SCALE system was conceived and funded by the U. S. Nuclear Regulatory
Commission to satisfy 'a strong need for a standardized method of

a

'j analysis for the evaluation of nuclear fuel facility and package designs..

; Thus, -the SCALE system will lead:to a common understanding on how these
designs will be evaluated by.the NRC. I!-

' The overall goal of the SCALE project has been to develop easy-to-
- use analytical sequences which are automated to perform the necessary
- data processing (e.g., cross-section preparation) and manipulation' of

well-established computer codes (functional modules) required by the
U sequence. Thus, the user is able to select an analytical sequence

characterized by the type of analysis (criticality, shielding, or heati

transfer)-to be performed and the geometric complexity of the system
being analyzed. The user then prepares a single set of input for the-
control module corresponding to this analytical sequence. The control

\ module input is in terms of easily visualized engineering parameters

[ specified in a' simplified, free-form format. The control sodules use

O this information to derive additional parameters and prepare the input

k. for each of the functional modules in =the analytical sequence.
%- Provisions have also been made to allow the -user to execute the
2 h- functional modules on 'a - stand-alone basis. Stand-alone execution of

g the functional modules. enables the SCALE system to be used for a wide
1 . range of nuclear and thermal applications.
: __

In developing the SCALE system, an attempt has been made to adhere;
,M to certain criteria that would make SCALE an attractive computational

: tool for both the novice and experience'd analyst. Some of the criteriaq

j are to:
,

1* E

j. -a) ' develop a systes driver which minimizes the computer core and
6 running time,
a
!.t
i. b) - develop control modules which require only a simplified set of
1 input,

'y
d c) develop control modules which automate and couple the data
T processing and systems analysis into standard analytical
f;; sequences,
.l !
k d) provide self-contained and thorough documentation for the

]' entire system,
.

e) use well-established functional modules and data libraries
1 that have a wide range of applicability and a proven record ofy.

b reliable performance.
,

. ;

f. t
v

..

xi

t.

'
. , .,

. , , . .. m. -, e. .

- - - -- ,, _ _ _ . , .
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The overall objective of following these criteria was to develop SCALE m
as a system leading to analytical standardization.'

The control modules available with SCALE are dote:nented in Volume 1
of this manual. The SCALE system contains a wide asso.-tment of control |
modules for -performing criticality, shielding, and heat transfer analy->

sis. Eriticality jafety jpalysis jequences are referred to as CSAS1-*

CSASn and are described in Sections C1-Cn. Likewise, the shielding and*

, ~ heat transfer analysis sequences are called SAS1-SASn and HTAS1-HTASn,
1- respectively and are described in Sections 31-Sn and H1-Hn, respectively.
9] -: Volume 2 of this manual provides documentation for each of the
.

4- well-established functional modules used within the SCALE system.

] ThesesectionsarereferredtoasSectionsF1-Fn.Thefunctionalmodules|
1^ ' include codes for data and/or cross section preparation (e.g. BONAMI-S

$- ' and NITAWL-3), criticality analysis (e.g. ISDRNPM S, KENO-IV/S, KENO.-V),
j . shielding antlysis (e.g., ISDRNPM-S and MORSE-SGC/S), heat transfer
ij analysis- (HEA!ING6), and depletion- analysis (ORIGEN-S). The "S"
- . attached to the name of some functional modules indicates that the code

N' was ori31nally developed outside of SCALE and.aodified for use in the
{ SCALE' system. The exception to this is the HEATING 6 code which is an

upgrade _of HEATING 5
'

Yolume 3 of this manual provides documentation. for the miscella-

N

. neous '(but..important) components of the SCALE system. These sectionsU
are referred to as Sections M1-Mn and include descriptions of the system

j ' driver, the subroutine library, the input systems, and the.dnta, .

j . material composition, and property libraries. .The data libraries
'

N- include a variety of well-established cross section libraries, as well
1 as some new libraries developed within the SCALE project.
X
:I The SCALE Manual is being released in a modular fashion; i.e., as |
9. each new component of the SCALE system is developed and released, a new
1 section will be added to the SCALE - Manual. Also, the documentation is
j released in looseleaf form so that as corrections and -small revisions
H are made to the various modules, new or revised pages can be easily-
''' issued for the Manual. The List of Revisions issued with each release
:j- of new documentation provides a list of the NRC publication dates for

each new or revised section and/or pages.-
-

i . The SCALE system is being packaged and distrib'uted by the Radiation,I
f, Shielding Information Center (RSIC), located at Oak Ridge National
4 Laboratory. . A limited version of SCALE (SCALE-0) was made available to
4, RSIC in July 1980. Significant revisions and additions have been made
j- . to JSCALE and new versions were released as SCALE-1 in 1982 and SCALE-2

in 1983.- This latest issuance of documentation should upgrade the exist-3.
1 . ing documentation to match the SCALE-3 version of the system presently
1- being issued by RSIC. Only IBM versions of SCALE are currently available

from - RSIC with the -exception of SCALE-0 for which a CDC version isx:
' available. Requests for the latest SCALE code package can be mailed to:;;;

;

*
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Radiation Shielding Information Center
Oak Ridge National Laboratory
P.O. Box I
Oak Ridge, TN .37830

;'or telephoned to
f
,

Area Code 615; 574-6176 or to FTS 624-6176.

C. V. Parks
~ SCALE Project Leader

Oak Ridge National Laboratory
,,
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FOREWORD FOR SCALE MANUAL

This manual describes a system of computer codes for performing
Standardized Computer Analyses for Licensing Evaluation (SCALE). The
SCALE system was conceived and funded by the U. S. Nuclear Regulatory
Commission to satisfy a strong need for a standardized method of
analysis for the evaluation of nuclear fuel facility and package designs.
Thus, the SCALE system will lead to a common understanding on how these
designs will be evaluated by the NRC.

The overall goal of the SCALE project has been to develop easy-to-
use analytical sequences which are automated to perform the necessary
data processing (e.g. , cross-section preparation) and manipulation of
well-established computer codes (functional modules) required by the+

sequence. Thus, the user is able to select an analytical sequence
characterized by the type of analysis (criticality, shielding, or heat
transfer) to be performed and the geometric complexity of the system
being analyzed. The user then prepares a single set of input for the
control module corresponding to this analytical sequence. The control
module input is in teres of easily visualized engineering parameters
specified in a simplified, free-form format. The control modules use
this information to derive additional parameters and prepare the input
for each of the functional modules in the analytical sequence.-

Provisions have also been made to allow the user to execute the4

s

l functional modules on a stand-alone basis. Stand-alone execution of
'

3 the functional modules enables the SCALE. system to be used for a wide
range of nucleal and thermal applications.

In developing the SCALE system, an attempt has been made to adhere
to certain criteria that would make SCALE an attractive computational
tool for both the novice and experienced analyst. Some of the criteria

'

are to:

I
a) develop a system driver which minimizes the computer core and

running time,

b) develop control modules which require only a simplified set of
input,;

' c) develop control modules which automate and couple the data
processing and systems analysis into standard analytical

j sequences,
4

d) provide self-contained and thorough documentation for thei

{ entire system,

I e) use well-established functional modules and data libraries
i that have a wide range of applicability and a proven record of

reliable performance.

: '.
q. -

xi
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The overall objective of following these criteria was to develop SCALE ' T,*

as a system leading to analytical standardization,-

t

. The control modules available with SCALE are documented in Volume 1
of this manual. The SCALE system contains a wide assortment of control |
nodules for' performing criticality, shielding, and heat transfer analy-
-sia. ..Griticality Aafety Analysis jequences are referred to as CSAS1-

'

CSASn and are described in Sections C1-Cn._ Likewise, the shielding and
heat transfer analysis sequences .are called SAS1-SASn and HTAS1-HTASn,
respectively and are described in Sections 31-Sn and H1-Hn, respectively.

~

Volume 2 of this manual provides documentation for each of the
well-established functional modules used within the SCALE system.
These sections are referred to as Sections F1-Fn. The functional modules

(e.g. BONAMI-S |_

. include codes for data and/or cross section preparation
' and NITAWL-3), criticality analysis (e.g. ISDRNPM-3, KENO.-IV/S, KENO-V),

shielding analysis ( e . g .' , ISDRNPM-S and MORSE-SGC/S), heat transfer ,

analysis (HEATING 6), and- depletion analysis (ORIGEN-S). The "S" |
attached to the name of some functional modules indicates that the code i

was originally developed outside of SCALE and modified for use in the'

SCALE system. The exception to this is the HEATING 6 code which is an
upgrade of HEATIN05.

Volume' 3 of this manual provides documentation for the miscella-+

-neous (but important) components of the SCALE system. These sections
- are referred to as Sections M1-Hn and include descriptions of the system

1 driver, Ethe subroutine library, the input systems, and the data, .h'
L ' material composition, and property ~1ibraries. The data libraries

[ include a variety of well-established cross section libraries, as well
- as some new libraries developed within the SCALE project.

i The SCALE Manual is'being released in a modular fashion; i.e., as |
h -each new component of the SCALE system is developed and released, a now.
1 section ~ will be added to the SCALE Manual. Also, the documentation is

t ' released in looseleaf form so that as- corrections and small revisions
are made to the various modules, new or revised pages can be easily>

issued for the- Manual. The List'of Revisions issued with each releasei

.
. of new . documentation provides a list of the NRC publication dates for
.each new or revised section and/or pages.

,

The SCALE system is being packaged and distributed-by the Radiation
Shielding Information Center (RSIC), located at Oak Ridge National
Laboratory. A limited' version of SCALE (SCALE-0) was made available to

. RSIC . in July '1980. Significant revisions and additions have been made.-

$['
to SCALE and new versions were released as SCALE-1 in 1982 and SCALE-2
in 1983. This latest issuance of documentation should upgrade the exist-
ing documentation to match tho' SCALE-3 version of the system presently
being issued by RSIC. Only IBM versions of SCALE are currently available
from RSIC with the exception of SCALE-0 for which a CDC version is

,

[
available. Requests for the latest SCALE code package can be mailed to:

xii

.

4i
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'

Radiation Shielding Information Center
Oak Ridge National Laboratory

- P.O. Box I
Oak Ridge, TN 37830

or telephoned to

Area Code 615; 574-6176 or to FTS 624-6176.

C. V. Parks
SCALE Project Leader
Oak Ridge National Laboratory

1
.
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FOREWORD FOR-SCALE MANUAL

"

A|g'
c ~ .

_

describes a system of computer codes for performingThis; manual'

Standardized Computer Analyses for Licensing Evaluation (SCALE). The<

.
SCALE system was conceived and funded by the U. S. Nuclear Regulatory
Commission to satisfy:.a strong need1 for a standardized method of'. '

analysis for.the evaluation of nuolese, fuel facility and package designs.r.
. Thus, the KALE- system will lead to a common understanding on how these

designs will be Svaluated by_the NRC..'

' .The oysrall goal of the (CALE project has been to develop easy-to--
*use analytical sequences which are automated to perform the necessary

3. . . idata processing (e.g., cross section' preparation) and manipulation of-
M well-established computer codes (functional modules) required by the

sequence. ThurA the user la able to select 'an analytical sequence
; :. characterized .by the type of analysis (criticality, shielding, or heat1

transfer)/'tobiperformedandthesecsetrio complexity of the system-S
.

.being eamalyzed P The' user then prepares a single set of input for the''

control module corresponding to this analytical sequence. The control

a ' module . input is in terms oJ easily visualized. engineering parameters
specified in a sia'lified,afree-form format. The control modules usep

d' ithis.cinformatio'n* to derive additional parameters and prepare the input
jL jN for .each of ' tile . functional ' modules in the analytical sequence.
O m~;d - . Provisions have~ also been made< to allow the user to execute the
T ' functio:tr.1 modules on a h ztend-aldne basis. Stand-alone execution of'
q -3 the functionalA modules enables the SCALE system to be used for a wide

"'

q range.of nuclear and thermal applications. >

<

'In developing the' SCALE system, an attempt has been made to adhere
-to certain oriteria that would make SCALE an attractive computational-

;: tool for both the novios and, experienced analyst.- Some of the criteria
a are to:- ? 3

t >'
|

|
a). . develop a system driver which minimimes the computer core and

|. . running time,
tiy. 3-,

a. b) develop control teodules which require only a simplified set of
"y -input,

]sv
i - c). develop control modules which automate and couple the data

processing and systems taalysis into standard analytical( : sequences,
,s

'd) . provide self-contained and thorough documentation for the'

i entire system,.

:'

[ : a) : use well-established functional S eules and data libraries .
.

' that hote.a wide range of aprJ r.cn L115,7 and a proven record of
;i^ 0 . reliable. performance.
~

,

I

o Y xi

:

.. . - - . . . , y ,, _
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The overall objective of following these criteria was to develop SCALE 3
as a system leading to analytical standardization. _

The control modules available with SCALE are documented in Volume 1
; of this manual. The SCALE system contains a wide assortment of control | -

modules for performing criticality, shielding, and heat transfer analyw
I sis. Ariticality Safety Analysis lequences are referred to as CSASt-

CSASn and are described in Sections C1-Cn. Likewise, the shielding and
heat transfer analysis sequences are called SAS1-SASn and HTAS1-HTASn,
respectively and are described in Sections 31-Sn and H1-En, respectively.

Volume 2 of this manual provides documentation for each of the
well-established functional modules used within the SCALE system.'

Thes'e sections are referred to as Sections F1-Fn. The functional modules |
: include codes for data and/or cross section preparation (e.g. BONAMI-S'

- and NITAW!eS), criticality analysis (e.g. ISDRNPM-S, KENO-IV/S, KENO-Y),
- shielding analysis (e.g., ISDRNPM-S and MORSE-SGC/S), heat transfer

analysis (HEATING 6), and depletion analysis (ORIGEN-S). The "S"
" attached to the name of some functional modules indicates that the code

use in thewas originally developed outside of SCALE and modified forr

SCALE system. The exception to this is the HEATING 6 code which is an
t

upgrade of HEATING 5.

~ Yolume 3 of this manual provides documentation for th,e miscella-
| neous (but important) components of the SCALE system. These' sections

_

f'
are referred to as Sections M1-Mn and include descriptions of the system - g-

driver, the subroutine library,_ the input systems, and the data, tr
,-

|' material composition, and property libraries. The data libraries
i

as wellinclude a variety of well-established cross section libraries,
. :

,

as some new libraries developed within the SCALE project.
E

5

'

;

.

The SCALE Manual is being released in a modular fashion; i.e., as |
-

! each new component of the SCALE system is developed and released, a new
'. j section will be added to the SCALE Manual. Also, the documentation is
.

! released in looseleaf form so that as corrections and small revisions-

are. made to the various modules, new or revised pages can be easily
; issued for the Manual. The List of Revisions issued with each release
- of new documentation provides a list of the NRC publication dates for,

.

_ each new or revised section and/or pages.
7 ,

_' The SCALE system is being packaged and distributed by the Radiation
f Shielding Information Center (RSIC), located at Oak Ridge National
"2 Labora%rf. A limited version of SCALE (SCALE-0) was made available to
E' RSIC in July 1980. Significant revisions and additions have been made

to SCALE and new versions were released as SCALE-1 in 1982 and SCALE-27 ;
-

- in 1983. This latest issuance of documentation should upgrade the exist-
_

ing documentation to match the SCALE-3 version of the system presently
being issued by RSIC. Only IBM versions of SCALE are currently available -

I from RSIC with the exception of SCALE-0 for which a CDC version is^

_

available. Requests for the latest SCALE code package can be mailed to: e'
.

.
.
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' ~ Radiation Shielding Information Center
Oak Ridge. National Laboratory
P.O. Box I
Oak Ridge,,TN 37830

.

or telephoned to

Area Code 615; 574-6176 or to FTS 624-6176.
I i !

C. Y. Parks
SCALE Project Leader'

.

.'
Oak Ridge National Laboratory
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'
- C a .A.3. Nuclides Having Resonance Data

.

The list of nuclides hasing resonance data differs from one master crow +ection library to

another as shown in Table Cl.A-2. The temperature of all materials containing any of these nuclides

should be specified by the user. NITAWL will then use the resonance parameters to properly

account for the Doppler broadening of the cross section data.

| The six nuclides denoted by an (*)in the H ANSEN ROACH Lbrary have Bondarenko data in

lieu of resonance parameters. Regrettably.the Bondarenko factors for these nuclides are available

only at a single temperature. Thus for example. the HANSEN-ROACH library should not he used

to determine the Doppler coelTicient of reactivity.i

P
,

t
t

Table Cl.A-2. Nuclides Having Resonance Data

;-

Resonsace nuclidae found on the R4llSEH-ROACR library!

25CJ5, 47107, 47109. 49113. 49115, 66164, 77175,

71176, 74182, 74183. 74184. 74186, 75185. 75187,

79197, 90232* 91233, 92233* 92234, 922357 92236,,g
~ 92238P93237,94335T94239,94240994241,94242,

95241, 95243, 96244a

h Resonance nuclides found on the 27CROUPNDF4 and 218Ca0CNDF4 libraries:
p
L

r
.

11023, 23055, 26000, 27059, 29000, 35790, 35810.'40302,-

41093, 42000, 47107, 47109, 49113, 49115, 55133, 64000,

66164, 77175. 77176. 73181. 74182, 74183, 74184,

74186, 75185. 7,5187. 79197, 90232, 91233, 92233,

i 92234, 92235, 92236, 92238, 93237, 94238, 94239,
h

94240, 34241 . 94242, 95241, 95243, 96244{
Resoasace nuclides found on the 123CR00PGMTE library:

M

): 90232, 9223 4, 92236, 92238, 94240, 94242
'. .

k-.
'

* denotes nuclides havia8 Soedareaho data is lieu of renomance
! persanters

,

s

~
... . .
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Cl.A.6

. Cl.A.4. ' Nuclides With Multiple Sets of Thermal Scattering Data

The list of nuclides having thermal scattering cross-section data at more than one temperature -

differs from one cross-section library to another as shown in Table Cl.A-3. Likewise the

temperatures at which thermal scattering data is available for a given nuclide may also differ from

- one library to the next as shown in Table Cl.A-3.

l.J ,Since scattering matrices for nuclides in media at elevated temperatures are generally fuller than

{
- those at lower temperatures the use'r should enter a rough estimate of the temperature of all

~

i
materials containing any of these nuclides. From the various sets of thermal scattering data available

' on the master cross-section library. NITAWL will produce a working library containing the data for

the temperature closest to that specified by the user.

Lastly, it should be noted that those nuclides found in the Standard Composition Library (seet

Sect. M8) but not listed in Table Cl.A-3 all have thermal scattering data at room temperature
,

, - (293* K).

i

Table Cl.A-3. Nuclides With Multiple Sets of Thermal Scattering Data
r

Temperacues N for W DWerent
cross-Section Library Nuclide * * ****** 8 *** "

Specified by User I.D. No. Data is Available
-

HANSEN-ROACH Solo 293, 550 -

-5011 293,'550
-

27Ca0UPNDF4 1001 293, 550

- and 1002 293, 550

218ca0UPNDF4 4009 296, 900, 1000, 1200

5010 293, 550
_

5011 293, 550'

6012 293, 900, 1000, 1200

123CROUFCMrH 1001 295, 345

1002 294, 345, 361

- 3006 294, 800, 900, 1000

- 3007 294, 800, 850, 900, 950, 1000

4009 294, 230, 850, 900, 950, 1000

b * 5011 300, 600, 900, 1200

6012 589, 627, 675, 800, 850, 900, 950, 1000
S-

8016 294, 345, 361, 900, 1165

9019 294, 800, 850, 900, 950, 1000

7 11023 294, 900

| 13027 627, 900

24000 295, 627, 900
h

,

26000 295, 627, 900

28000 295, 627, 900

29000 295, 900

;

e

wb wce +7 =,p+ .- gs epgae- , -my
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ABSTRAC'I' .

CSAS4 and CSAS4X were developed to provule an optimum pitch search capability for three-
dimensional problems in the SCALE system. They have been upgraded to increase their search
capabilities and to interface with KENO V.a rather than KENO V. This. expands the geometri-
cal capabilities to allow arrays of arrays, holes, variable chords for homicylinders and hemispheres,

- and in-line printer plots.

Several control sequences are available withis the CSAS4-CSAS4X family. These control
sequences activate the cross-section procomunas codes BONAMI-S and NITAWL S to provide
resonance-corrected cross sections. Control modules endmg with "X" utiliae XSDRNPM-S to pro-
vide a cell-weighted mixture. cross section. ICE 4 is used by CSASI and CSASIX to provide a

, Monte Carlo formatted mixed crosssection library. KENO V.a is used to calculate the effective
^ neutron maltiplication factor (k-effective) of the system. The search capability is achieved by

#
repeatedly activating the modules MODIFY to alter the pitch or other dimensions and
KENO V.a to calculate the k-effective for the new pitch or di==aa-

The control sequences described within this document were developed simultaneously and are
closely related. These sequences are listed below with the modules they invoke.

CSASI no search BONAMI-S NITAWL-S ICES
CSASIX no search BONAMI4 NITAWL-S XSDRNPM-S ICE-S
CSASN no search BONAMI-S NITAWL-S
CSASIX no search BONAMI4 NITAWL4 XSDRNPM4
CSAS25 no search BONAMI4 NITAWL4 KENOV.a-

'
"% CSAS2X no search BONAMid NITAWL S XSDRNPM4 KENO V.a
/ CSAS4 search BONAMI-S NITAWL4 KENO V.a MODIFY

| CSAS4X search BONAMI-S NITAWL-S XSDRNPM S KENOV.a MODIFY

|
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1-
D
i

G

.

;'
5
.

:k
o

't
.

| C4.ix

!

[. ..w. , , , . 7 ,.3 , ..



_ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _

*

.

Revised 12/84
.

C4.4 INPUT DATA GUIDE
. i

This secten describes the input data required for Criticality Safety Analysis Sequence No. 4
(CSAS4X). Several subests of the CSAS4X sequence are available to achieve several different lev-

'els of processing. These are listed in Table C4.4.1 with the functional modules they invoks. Note
that modules with as "X"in their names create cell-weighted hbraries by using XSDRNPM-S.

Table C4.4.1 F==cena=al modules ===e=*=1 by CSAS control nodules

Control Search
Module Function F==ctianal =adul== ===e=*=1 by the control module

CSASN no search BONAMI-S NITAWL-S
CSASIX no search BONAMI4 NITAWL S XSDRNPM-S
CSASI no search BONAMI4 NITAWL-S ICE 4 -

CSASIX no search DONAMI-S NITAWL4 XSDRNPM-S ICE 4
CSAS25 no search BONAMI4 NITAWL4 KENOV
CSAS2X no search BONAMI4 NITAWL4 XSDRNPM-S KENOV

;

CSAS4 search BONAMI4 NITAWL4 KENOV MODIFY *'

CSAS4X search BONAMI-S NITAWL S XSDRNPM-S KENOV MODIFY *
,

' MODIFY is a control module.

Each sequence generates various hbranes that may be saved for future use. Table C4.4.2 lists the
vanous I/O mains that may be saved and their defiastions. Table C4.4.3 lists those I/O units con-

t. taimes cr -ia= libranes that are generated by each sequence.

h.
Tabis C4.4.2 I/O maits on which cross section hbraries are written

Creating

Unit Type of Data Module

t- 2 . ,61 mixed working hbrary ! ICE 4.

.i 3 rusosasse corrected osu-waghted woridag library XSDRNPM4
4 r-=== -rected working library NITAWL4'

i 14 r==a==- -rected adnad cross section MORSE / KENO library ICE-S
' If the invoked sequence contains an X la its name, this library

contains a cell weighted raisture identified as mixture 500.

,

The, input data for these CSAS modules are composed of three broad categories of data. The.

first (Material Infonnation Processor, including Standard Compositions Data and Geometry
Specification) specifies the cross-section library and defines the cornposition of each mixture and
the cell goosestry that le used to process the cross sections. This data block is necessary for

; CSASN, CSASIX, CSASI, and CSASIX. The second category of data is the KENO V input
; data, which are used to speaty the geometric and boundary ca=diola== that represent the physical

configuration of the problesa. Both data blocks are acessaary for CSAS25 and CSAS2X. Tbs last.$

L category of data is the search data. All three data blocks are required for CSAS4 and CSAS4X.

+ .

1

,

C4.4.1
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Table C4.4.3 I/O units generated by CSAS4 and associated modules

Module Unit numbers of generated cross-section libraries*

Name Primary Product 2 3 4 14

CSASN resonance-corrected working library X
CSASIX XSDRNPM eigenvalue calculation X X

,

CSASI resonance-corrected mixed cross. X X X
secten MORSE / KENO library

CSASIX resonance-corrected cell-weighted X X X X
mixed cross-section'

MORSE / KENO library
1 CSAS25 KENO V k-effective X X X

CSAS2X KENO V k effective using X X X X -

homogenized cell
CSAS4 dimension alterations X X X
CSAS4X dimension alterations using X X X X

,

homogenized cell

All data are entered in free form, allowing alphanumeric data, floating point data, and integer
data to be entered in an unstructured manner. All 80 columns of any card may be ured. Data can
usually start or end in any column. Each data entry must be followed by one or more blanks (a
comma can also be used for numeric entries) to terminate the data entry. Integers may be entered,

for floating values. For example,10 will be interpreted as 10.0. Imbedded blanks are net allowd
j within a data entry unless an E precedes a single blank as in an unsigned exponent in a floatin

{
point number. For example,1.0E 4 would be correctly interpreted as 1.0 x 10'. ]

R

| Multiple entries of the same data value can be achieved by entering the number of repeats, fol-
lowed by either R, *, or 5. followed by the data value to be repeated. Imbedded blanks are not
allowed between the number of repeats and the repeat flag. For example, SRl2, 5'12, 5512, or

j SR 12, etc., will enter five successive 12's in the input data. Multiple zeros can be specified as nZ
where n is the number of zeroes to be repeated. The SCALE free-form reading routines are

1 described in more detail in Sect. M3.

The purpose of this sectma is to define the input data in discrete subsections relating to a partic-
ular type of data. Tables of the input data are included in each subsection, and the entries are
described in more detail after the tables illustrated in Fig. C4.4.1. Section C4.4.1 contains a
summary of all the tables that are used to describe the input data. Sections C4.4.3 through
C4.4.7 describe the material information processor data, Sect. C4.4.8 describes the KENO-V

|, data, and Sect. C4.4.9 describes the search data. .

Resonance-corrected cross sections utilize Dancoff corrections based on the unit cell specifica-
| tion. Because only one unit cell can be specified in the data, resonance corrections can only be
.i applied to one mixture via conventional methods. However, if multiple resonance-corrected mix-
f, tures are required, the necessary data can be entered via the OFTIONAL PARAMETER DATA

described in Sect. C4.4.7 and Tables C4.4.4 and C4.4.12."

To check the input data without actually processing the cross sections, the words
"PARM-CHECK * or "PARM-CHK'should be entered, starting la column 11 of the analytical
sequence specification for IBM versions. For example, =CSAS4 PARM-CHK would cause
the input data for CSAS4 to be checked and appropriate error messages to be printed. If plots are
specified la the data, they will be printed. This feature allows the user to debug and verify the -],
input data while using a minimum of computer time. Many problems can be checked in ten
seconds or less.

- ._ .. ... ._
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j. TERMINATOR

I 8

1 ,

Fig. C4.4.1. Outliae of CSAS4 input data 6
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C4.4.4

Revised 12/84
'C4.4.1 INPUT DATA SUMMARY

The input data for Criticality Safety Analysis Sequence No. 4 are illustrated in Fig. C4.4.1,
and summarized in Table C4.4.4. This table is provided as an input data guide for users who are
familiar with CSAS data requirements. The KENO V data are included in this table in very gen-*~

'

eral terms. Table C4.4.5 contains a summary of the KENO V input data. They are described in
detail in Sect. Fil.4 with addisianal information contained in Sect. Fil.5. Table C4.4.6 con-
tains a summary of tbs SEARCH data for CSAS4 and CSAS4X.
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Tabis C4.4.4 Tables of impet data . - - - -

.
.

' (this tahic esseeds through pese C4.4.II)

semeny M des mys se,isemens (=s Secs. C4 4.2)
.

Typs of Dese Amenyecal Se, emes'

I Ametyesalespeens , * (leM eermees) -CSAS4 -CSAS4X -mm -CSAS2X =CSASIX -CSASEX -CSASN =CSASI

2 Mesensa issenneeme ssacessar dena yes yes yes yes yes yes yes yo.

3 KEMOVdoes yes yes yes yes se se se no .

4 Seesch dose yes yes se se ne se ne se

S END for the semipecal negeseos (IBM vensmos) yes yes yes yes yes yes yes yes

Omenes of enemstel honemades poemamer km (ese Sect. C4.4.3)

Does
Panssee Typs of Dese Duas Esasy Comessoas

hI TITLE Emeer a sists te chorecases
.~
**

2 Cm HANSEN-ROACH Thans ese the corsemely

hhrery asses 27GROUPMDF4 evealebis libranes.

- 823GROUrGMTH Sea Sectase Cl.A.I
210GROUPNDF4
esc.

3 Typs of calculasses INFHOMM'"'3UM These ers the eveilakis *
LATTEtCELL apssess. Ses the

.

MULTIREGION faussies this sabis..

4 Saendeed campannsses Emeer she appeepasses Tenmeens its dose *eleck wish'

dass dese. END COMP. See Table C4.4.4.- '

Ceu eemessy Esser the appsspenses Oasis for INFHOMMEDIUM.S s"- -

dese. (essis for See Tobis C4 4.5 for IATTICECELL
INFHOe4 MEDIUM) See Tabis C4.4.7 for MULTIREGION.

6 Opesamel parameter Emmer obs desiend Pseceds this dose bisch by MORE E
dose dose DATA. if mese paresseest dose ess y

Nse he seassed Osborous, eseit these
Idose ensarely. Ses Sess. C4 4.7.

.
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Tahis C t.4.4 (consessed einergh page C4.4.ll)
# m d sammensd emmpmMens syssEss* does (aus Sest. C4.4.4)

Number Nams Typsaf h a
- asesyusery vesimhis

.
_ Commenes

-

I SC Standmsd sampuman emmpumant soms Atmaps Eisner esas for ensk standmed P Ement she
a- W danssupesas femm Tabes 500.2.5. Addeemmel

atomed esens insheds shoes hegemeing wish
ashasury h and SOLN for ==hme===

Al ROyM Theessessel esamiey of masanal(8/es) AREad Esser esas for ensk standesd amagemeine emmpumans
shot is as ashiesary messamL

.

A2 NEE * Mumher of etsmomes la the semessual ARBI Rater esas for amah seemdmed osmpmanies esmpament
shot as as ashiesary asessiaL

A3 IvtS heshpis immesps indesener Ampe4 Esser esas Amr omsh senadasd esapesaban sempeamma
shut ' as ashasury maassimL Enest 4 for a amasamls

. shut dass met emmensa muleipts isseeps elemanas. Emest
I if the meesmal emmenes a maingis isseeps h

! As aAsesary mennesimi sement hous mass then ens animpis
isseeps almment. If aesssaary.asussel ashiesary

;
mecenah may be med .a a singis ==*== p-

e.
A4 aCr Campamed am6cseer ARahl Esser esos for ensk seamensd emmpameses emmpammet h.

shot is as ashasury ==a===a Emeer I for a sampomad.
e for sesyg ==a=== etc.

AS IRS Bessemass hiessaar ARuf Enest esas for ensk sammensd campuminema sempement

shot is as ashnesary masenmL Emeer 4 W e5 ska
meddes in the maeonel ass W
emner I it ens er amass hous sanomaans does. Ses

Sasesse Cl.A.3.Tahis Cl.A-2.*

M NCZA 30 mesmher (fsess ser sight seheme of ARBtd Repeat eks magnemes M and A7 for eash ehemet im the

Tahls hes 2.1) ashmerary sammenal hefsse emannes innes 2. Enest shs
-

member fases she for right animms of Tahis t85.11. Only
sissammes ces he used is as astmasary masenst

.

A7 ATred Number of esens et this siemmat per ARShi Repeat eks mogeness M and A7 for east simment in
malmsmis of ansesary mesanal & adserary mesesimi hafase emeenes lassa 2. De met

om acy-I asser e asius maams IcP-l.
Weight pasmet of this alament in ARShi Repeat eks anguemos M and A7 for east element is
this assesary usessed & she assesary meesnel heisse semanas inna 2. De est =

acy-e sneer a esime asius scr-e. t
t

. .-

e.

pp

_ _ _ _ _ _
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Tabic C4.4.4 (ra=sa==d through page C4.4.ll)

emens of eenadesd sumposMoon W doen (essessmed)
Easty VasinMs Easty

*

Nesser Masms Typs of dose a-r=======* Casmunsees

2 MX Messese ID messer Alesys Esser esas for each seesdasd osmpsessena n==y====a

St FD Fasi deseisy (grasms of U er Pu per SOLN Esser ease for a salussaa.

host of setsessa)

S2 AML Acid manierity of ths =as-a% SOLN Esser esos for a saluessa. AML-4 if these is no
acid is she *=

3 VF Vehums fracasse (resie of acee*al to See Defemk vales is I A This items can he omstead if
items 4, S, da, and & ass aime emseted.sheeseescal density of she amatessel) -

colume

(")
4 ADEN Nember densisy (seems/ herman) for VF-8 Esser only if VF-4& A ,

|as ausside O

.3 TEMP Tasapermeuse,in dayess K See Defamk value is 293 K. This items can he

'
camsmens emesseed if itemas 6s and & ass oise asusted.
eelsena

6e IZA lasteps's ZA emmber VF-8 Esser for each isoseps le she scandasd campasesse

P Osmis if VF=& leems 6a and & ase eneered
in poiss useil each isseeps is the sempemens is esEmed.

i

6h WTF Weight poseems of the isoseps VF-0 Emeer for each ineseps in the eseadasd campesmes |
<=-ra===a Oeus if VF-GA lessas 6e and & are senered t

in pairs mesa each inseeps is she cesseneses is esEmed.

7 END Tstmuseos a standsed e==r- a- Always Emeer esos for each standasd compesmen n==p====a
This eersmaneses the does for a assadasd a= r==a=
'a=ta===a Eaeer END to aannemass ths *==ra===a Repees

,8isease I.7 easd au the masseses l>ess beso denned.

END COMP termuseas she desa black Terusmus Emeer once for a psehines. Esser she weeds END COMP
- .No. m. _ . - - ==

desenhed. M
INasc As Isass two hinaks should esperate abs less aossy 7 (sema the END COMP.

.

f
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Tabic C4.4.4 (ccatiaued Ibrough page C4.4.ll)

Unis ese W for luedesses pesbeams (see Sect. C4.4.5)

Entry Variable Entry Data

Nember Name Type of Data Requersonant Entry Casaments

I CTP Type of lattics Always Describes the type of lattics or array configuration.
e

SQUAREPITCH Use for cyliadncal rods la a square pisch.
TRIANGPITCH Une ser cyhedncal rods is a triangeler piscit

SPHSQUAREF Use for sphencal pelists is a cubic lattics.

SPHTRIANGP Uns for spherical psNets is a bi-caneered or feco-
comissed hexagonal close-packed lattics.

SYMMSLADCELL Ues for a symmetric array of siebs.
ASYMSIABCELL Ues for a penadec, but asymansanc, array of slabs.

2 FITC*l Array pitch Always Appropnate his is tbs seater-to coater spacing (cm) betwoca

dumensson fact luanps For asymmetric slah ceu, cater the,

| distancs froan the center of one saaderator to the
'j

center of the other moderater (cal
.

3 FUELOD Outseds A-=va= ef fuel Always Approprints Outside diameter of feet (cm) er the sha- of n
A--- the fest is a slah. p

&
**

4 MfUEL Fact uniatars ammbcr Always Misture na Misters ammber represcating the fast

.#
5 MMOD Madstater misters number Always Misture sa Mixture number repressmung the snoderator.

|
6 MMOD2 2nd unodcrator mia. ma ASYMSIABCELL Maatste ao Mixture ammber represcatang the second meaderator.

7 TKMOD2 2nd =n.a,rator thde=== ASYMSLADCELL Dickness Thd==== cf the second moderator (ca).

8 CLADOD Outsido diameter of clad If clad Clad OD OMIT IF NO CLAD. For a sieb, CLADOD is the
som of shd==== of the fuel, sap, and clad.

9 MCLAD Clad misture number if clad Mixtars na OMIT IF NO CLAD. Misture sember represcating

| the clad.

10 CIADID insids diameter of clad if gap Clad ID OMIT IF NO GAP betwesa the fact and clad.

8
11 MGAP Gap mixture member If sap Mixture na OMIT IF NO GAP betwece tbs fuel sad clad.

A mixture ammber of aerois often used.

12 END Ter===ase lat'-II data Always END Terminate latticecc5 input data by catenng the' =

word END. U
T

.
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' Table C4.4.4 (continued through page C4.4.II)

Gammsey . '- - der matheWoo pseMema (ass Sess. C4.4.6) '
Emery VasiaMs . Emery Dean

Number Name Type af Does *W Emery Comunemes

I CS Type et assensory Alueys Avenshis asemetry types ase Ilseed below.
SIAB Ues far sish gossamery
CYLINDRICAL Use for cytodnsul asemetry
BFHeRSCAL Use for sphensal sammeery.
BUCKLEDEEAR Uma for simb gammeery wish a bushEng emnesessa for ;

the two treasseums absecesses.
'

BUCKLEDCYL Use for cylindrical seemeery wish a huskling eersacesse
<

'

2 BR Right hemadary connesse Bagmased for Defemk h VACUUM. Damastes she sight /emanids
BUCarn snas an humedary emmenses. !

BUCKLEDCYL REFLECTED De est use for cyhmensal er sphensmL
^|

A VACUUM 1his possedes a seasseure essehen at she hemedary

Oposseel for PERIODIC De met use for cyhmensal er sph de=8.

esher gammessens WHITE This psessdes immesapac seemen as she tomadary

{ 3 BL lah hemadery caedessa Regissed for Default is REl LECTED Desesdnes the imR hemedary
BUCKLEDSLAB condessa.

|| A VACUUM This psesides a aanseeers sammessa et the heumdery [
] BUCKLEDCYL REFLECTED "" for cylindncel er sphenomL i
Li Opsessel rgE9000C De set use for cykednsal er sphencal

for esher - WitfTE This psendes issesepec setusa at the benadery h
''

!

gmamsenes >
* i

4 ORGN I.acasses er Ish benadery Appsuosines Defamit is Re. Must set he steeged for cylindnsel
|

en the a-asis ahmesman er sphencal assestry !

S DY BusMmes height (can) BUCKS snas 43 Ayy,,, sine, ougy pOR SLAB, CYLINDRICAI, and SFHERICAL 5
i & mensamma This - . ' se one of the areasusses dansassoas of as ;
3 BUCKLEDCYL' asemal 3-D alah assemMy,er se she langsh af a Amies cyheder

& 6 DZ BushL, Aedh BUCKLEDSLAB Appssprimes OMIT UNLESS BUCKn snas 43 wAs 3FgCIFIED. [
shunnesome This is the bedhas depeh eersesponsag to the essend

tramesens dumsones of a 3-D alsh essemMy

7 END End sessmetry paraenseess Aleeps END Esser she wesd END.

8 MXZ Mamouse mumeher in the asas Almeys Minense est Repast isens 8-10 meed a5 aanse ase deAmad. Emeer
abs massess number far this amme. t

9 RZ Oue' eses radius of the sees Alueys Appsepness Repeat items 8-14 used e5 asses ase esAmed. Esser
'

, thmisonna the outside ahmisasima of the asas (cum). :
>

le XMOD Easermal enaderaser indes Almeys Repeat itsens 8-14 used aE amass ese densed. ;
NOEXTERh000 No madurasering masensis la the adenosat means. |
ONEEXTERMOD A anedorassag unseenal is presamt in ese adenosas aans. , ,

TWOEXTERMOD Moderesing mesenah ase psesamt in two adpasset anaes.

END ZONE Teemumens asas sista END 2ONE Enest when au ammes hows been esAmed by sepeessag k
insens 8 shru le for each seas. E i

k

i.*
i

I
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- Table C4.4.4 (contissed through page C4.4.ll)

W et osatehte spelemal paramseer data (see Sect. C4.4.7)
Entry Keyword

- Nussbar Nasic Type of Data t'a====* =

1 MORE DATA loput fles This signals that optaceal parameter data are to be entered
'

:2 . ISN- Osderof angular The defank vales is 8. This allows using
quadrature another value.

3' SZF- Spatial anesh - The defank value is 1.0
siae factor SZF<l.0 sives a funer anesh

SZF>l.0 gives a coarser mesh

4 = IIM- Max. member of He defank value is 20. This aHows using
inner iserations another value.-

5 ICM- Max. amesber of The defamilt valine is 25. This allows using
outer iterassoas ==aa6e value.

6 EPS- Overall convergence The defauk value is 0.0001. His allows
cneens using ==aabe value. g,

7 FTC= Point' convergence ne default value is 0.0001. His allows $'
*cntens using another value.

8 BKL- Beckisag factor De defauk value is I.420892. Use ONLY for a
: - " ; = problem that specifies

BUCKLEDSLAB or BUCKLEDCYL

9 IUS= Upscatter scahag De default value is zero. IUS-0 doesn't
factor utiliac upscatter scaling. IUS=I

uses upscatter scaling to accelerate the
solution and/or speed convergence.

10 RES- Resonance data Enter the mixture number, geometry type (SLAB,
CYLINDER, SPHERE) and the thickaces of the -
slab or radius of the sphere or cylinder, in cm.

Il DAN (mm)- Dancoff factor Ecter the mixture number mm to which the Dancoff
for the specified factor appises inside tbc parentheses; cater the
misture Dancoff factor after abe equal sign is

fRepeat items 10 and 11 for all resonance
mixtures used in tbc problesa that are act -

treated in the lattice cell or mukiregion 5
description. E

12 END Termines Terminate the optional parameter data .

%
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Table C4.4.4 (continued through page C4.4.ll)

GusEne af EEND V does (see Tams C4.4.5 and Seis. C4.4.8)
Type of Saar:6mg Tensumassen

- Desa - Flag Comuseess Flag
'l ' Title Name 80 columes, samat he same

. amassed firse
1

- Persesseers READ PARM Esser desired parasneser desa ENDPARM

.,as .-

~ weschseng READ MAS Esser desired biasing desa END BIAS or
Geometry READ GEOM Esser desired seasmetry desa END GEOM %-

C
Array desa READ ARRAY Enser dseired array desa END ARRAY

j er unit
enessasses

J

Baumenry READ BNDS Esser desired albede date END BNDS
**"8""'' i

.eraRendnes

Seest desa READ START Esser desired esars desa END START !

er imisies
menses,

s

omsume af eraA* doen (see Tahis C4.4 6 and Secs. C4.4.9)

READ SEARCH esser desired search desa END SEARCH

' Search dass are requesed for CSAS4 and CSAS4X

E$
s

t

.-

_
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.' Table C4.4.5 (continued thtoetsh page C4.4.19)

SoleImary of arvey dets
,

AstAY Formate BSAD AAB&f array parameters date type erleatettes data BIID ABRAF
see sections Fil.S.S. Ftt.S.6 and Flt.S.y

Bepeat the sequence AaaAT PARANSTOSS DATA TTPS Oh!ERITAT1001 DATA for each errey mood la the prehlee.

DATA TYPE**=^*;"" --

Bsfuese DeFASLT DEFINITI0s FELL
*

.
LOOP

'* AAA= 5 Be. defining the errey

i Ilus= 9 me. et salte la E directica
05 IINT= 9 IIe. of matte la Y direetSee

NWS= 1 Bs. et malto la E directica
$. GmL= meuere The global, salverse er

evere11 array numbere**

C05= nome della comment delta..
optteest comment 8e a
mestaan of 132 cherectore.

j ee Can w .ofaune. h,the ca.o. u spec fi.d.
st need be entered only esce per prettee.

$

', GRIENTATI0gl BATA FOR FILL 9EIBIITATION BATA FOS LOOP
,J Bater unit numbers to define every posities in the array. Bater the maat number and maae numbers that define the

tihen entering date eta 18 stag the options la this table, the count positicalet of that salt. Sata for each of these ten entries
field and opties field amat he adjacent with no tahedded blaaks. are repeated matt! every posities la the errey has been defined.
The operaad field may be separated from the opties field by one er Data for en errey to terminated by enterlag 3I10 Loop. g
more blaphs. F818 date for sa array ende with aus FILL. *3SHTBS DATA IN TSS FOSIIe g

o'.=
w

Couut 07T1011 opeaAals DATA
i FIELS FISLB FIELD COIuleuTS

,
31173T COIulairTS

1 stores j at the castsat posities in the array LTYpe The malt er hos type. LTTps must he greater than 5.
1 3 3 stores j in the meet 1 peelt8eas in the array III Startlag pesatsee la the I direct 8en. III must he at

i o j stetoa j Sa the meet i peettaene la the array least I and me larger them the value entered for mus.

& 8 3- stores j to the most a posittene la the array IE2 Bading poetttoa in the E directaes. II2 aust he
F j fille rematador of the erTay w8th matt 30. j at least I and me larger them the value of WWE.

etarting with the current array peastica IuCE The number of malte by which incremsato are
A j sets the cutreat posities la the array to 3 made to the I directSca.

i s Sacremsato currest peettien ta the errey by & ITS The startlag peeltlea $a the T directies. ITS meet he
allows ektpptog & positteme. The value of 1 at least I and less than the value entered for IIUT.
may be peettive er megettre. IT2 Beding peettson la the Y directies. IT2 must he

1 0 j repeate the prev 8mus j catries 1 tamos. The et least I and me larger them the value of IIUT.

default value of & Se 9. IIICT The numher of matte by which lacremente are made

4 5 j repeats the prevlees j entries 1 t&ame. Sa the poettive 3 directies.
Saverttag the segmence each time. The default Ist startsag position ta the a directies. Ist must he
venue of 1 se 1. at least 9 and me Berger them WWS.

& S j Starting with the entry at -1 from the current. Sa the positive T directles.
peelttee, store entries ta 1 averse order sats! Is2 sading peelttaa la the 8 directies. 152 must he
positlea -81,38 to reached. Defeelt valse of !=1. at least 1 and no larger than II85.

a

1 P j alternately stores 3 and -j la the meet & IIICS The musher of matte by which increments are made
positions of the array. Sa the positive 8 direct 8en.

A I J k provides & entries 18aearly interpolated ,

between j and k. and the sad pelate 44.e. a pa
Ntotal of te2 pelate.8 3 and k must he

separated by at least one hisak. [
T terstaates the data reading for the array.

. .

.
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. Table C4.4.5 (continued through page C4.4.19)
,;,

j 8u'imary of hineles data
.

s:As rermat. asan sIAs herwerd eerr.1 t! a data anellterr amo sIAsis.4ghtlev s s.ctless ris.o.: .ad ris.5.e

usTunes anscateTInn i.ArseI AI. Io r geomes est--- =utacamman?ID= Comm8L&i-ivu SATA will be read meet. concrete 305 86. 37 323 5 cm14 motorial ID. aster from tatie at right. paraffla 400 16. 27. 123 3 onto use velghtleg data from the 18brary. water See 16, 27. 123, 2:e 3 cm* -then W 8aatog b8as IB graph 8to $100 96. 27 133 30 aus'i lead .sestag bias IS

trt= AWIILIh8T BATA u!!! he read aset.
WT8= AWEILIART DATA wS11 he reed meet. '

wttatt natertet title
is notestal ID. O
meets member of sete of group structures ,e

! th44ac thicknese per increment
*ABerBAT TWEttec. WoWINC. ES9WT. WTATG IsssTS TIass -r

&auslac, number of Sacramente
espot member of energy groups for th8e set of ste
starg enter numance espot values of wtavg.

Per enmansaTIcel DATA, the material In to chosen from material Is solana above othe keyword le ID=0.
ror AWEILIAST SATA. the material IS le chosee by the meer and the hoyword So NT= or 9728=.

Seg8aatag and omdlag bias It's are defined by the user. The geometry specificatles that bee the
blas It equal to the beglantag bias Is utiltees the wt avg's from the faret laterval of motorial ID.
'

i

*.

30
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Table C4.4.5 (continued through page C4.4.19)
.

1 humary s( W conMes doia
'

'i
SMDS Formate BSAD DMDS face code- albede same 350 BMD$
.talbede or see secties Fil.4.7
boundary ALSSDO HANS la entered n>J mesy times as necessary to deflee the appropciate
conditseast The sequence FACE CODS

albedo boundary conditions. The default for all faces 8e vacuna.
;

f
FACE CODSS FOR ENTSaIMS 30euGAat 4ALasDOD Cous1TIoss

. i

FACS FACE FAC* FACEe

CODS DSFINITION COSS DSFINITION COOS DSFIMITION CODS BSFINITION

* *ES= positive I face EFC= both I faces *TE. positive I and T faces SST= pesative T and 8 faces

SEs= positive I face VFC= both Y faces SET = positive E and T faces -EW= negative E and T faces

't -ES= engative I face $PCs both 8 faces STE= positive I and Y faces -ES= megetive E and 5 faces,

i *Tb= positive Y tace +FC= all positive faces *Ese positive I and 8 faces -TE= negative Y and 8 faces

e STs= positive T face 6FC= a11 peelt&ve faces +85= positive I and 8 faces TEF= all I and Y faces

nogetive Y fece -FC= all megative faces $E5= positive I and 5 faces SEF= all I and 8 faces
',; -78= ~ positive 8 face ITF= all I and T faces SSE= positive I and 8 faces STF= ell T and 5 faces

...= -sitive . Iace -F= eil I an. . face. .= ,o..tive Y and . face. -TE= a.getive I and T fac.e g! +38=

-ss= megative 5 face TSF= all T and E faces *ST= positive Y and 8 faces -8E= mogettre I and 8 faces
-

- -

ALL= all 6 faces *ET= positive I and T tecos STE= peettive T and 5 faces -8T= negative T and s faces
ta

ALtsee NamSS AVAILABLE ON TuS Emmo T ALasse LItaAst, FOR 588 WITS TuS FACE CODES

ALBBBO ALBe00
ALBSD0
MANS DSSCRIPTION MANS DSSCRIPTION MANS DSSCRIPTION

DP9530 12 $ach double FS water CONC-4 4 Sach concrete 48tteroatte! VS " vacuum cond&ttes

3P0520 differeattet albedo with Comt albede with 4 incident vois

DPg 4 inc8 dent eagles CouC4 angles TACs
TAC

BPO
CONC-8 9 Acch concrete differeatta!

N2O 12 tack water differeattel Come albedo ulth 4 tacadest SyncutAa strrer image reflection*

NATRE albedo ulth 4 incident CONC 0 eagles 313a08
utta

eagles
SPGC

PASAFFIM 12 $ach paraffla differoa- Conc-12 12 !ach concreto differeat8a1 SPS

PARA tiel albedo with 4 Sacidest COM12 albedo with 4 tacident sta

WAE eagles COMC12 angles

Cameou 200 cm. carbon differeattal ComC-16 16 Sach concrete differential PsaIODIC periodic boundary condition N

GRAPWITS albede with 4 Sacident angles CON 15 albedo with 4 incident Psal

ComC16 eagles PSR
C

*
me

STMTLauS 92 tack polyethylene COMC-24 24 Sach concrete differential M
POLT differential albedo with Cou24 albedo with 4 Sacident
CW2 4 Sacadent angles C0mC24 angles g

.

,,

u
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l, . Table C4.4.5 (continued through page C4.4.19)

6-a y d enemisery dass

G30185T5T - ,Formale DEAD GBOIB eater geometry regira data here SND G50It
trogloat See Sections F14.4.4 Fil.5.l.2. Ftt.5.6 and Fil.5.7 ,

$ GaOIBSTRT BEGI0sl DATA consists of SIMPLE Geons5TET BSGIOne DATA and BETRIIDSD GECNETRT 88G1018 DATA.

BesTSB GS00ssTRY BEGI0sl DATA III THE FOLLONIIIG F03Els

OPTI0stAL GLOBAL SPECIFICATI0II
UNIT a
OPT 101BAL GBOISETRY COIIISSIIT
SIISPLE G5011STBT BSGIOII DATA

and/or
BETsuDSD GBOIBSTBT REGIOII DATA

e o e o e o e e o e o e. e e o e e o e o e e o e o e o e
.

BirTsa BINFLE G80ItsTST RSGIGII DATA III TW4 FOLLOIf!IIG Poalts

GLOBAL Sater only to specify this unit as the glebel unit.
' UISIT aCOII-della comment do!!n This optional comment can be up to 132 characters.

It must bogia and and with a deltaiter. g
feeos als no. bles ID diseastoms optional origia data (ORIGN coordlaatest optional chord data (CuotDI *4 1

Sater as many geometry description specifications as necessary to describe the unit and as many
-b |

I
Ipmalte as necessary to describe the system.

SIISPLE GSOISSTET 88GIOli INPy? DATA 3300338113gT8
TTPS OF TYPS 1 TYPE 2 TYPB 3 TYPE 4 TYPE 5 TYPB 6
DATA DATA DATA DATA DATA DATA DATA

|

igeon SPMBaB ECTLIIsDSB TCTLINDER CTLINDBa CUSE CUSOID
NEIIISPNSEE INSIt!CTL+T TMBIBICTL*E SCTLINDBa
NENISPNBRE*E IMEIEICTL-T TEBIEICTL-I SMSIBICTL+E
MSMISPMSSE-1 EERISICTL*S TBEIRICTLe s SMBIBICTL-E
MEREISFNESSeV ENSILICTL-S TUBIIICTL-S SERIIICTL* T
IIBMISPusaS-T SummICTL-Y
NSIIISPusageS

IISIIIStuSSS-S

dimensions B tradius) R + E -5 B *E -E R * E -M eX -E *E-I*T-T+8-S

optional Bater the Bater the Bater the Bater the emit omit

origin E Y S coord. T S coord. I S coord. I T coord.
coord. of origia of center- et center- et contar-

11me time time 35

optional Eater the Sater the Bater the Enter the omit omit

chord dist. to dist. to diet. to dist. to
detaeo plane plane plane plane

u
N

eechord data is not app!! cable for Stasas ECTLlucBa TCTLluDan CTLIwDan or SCTLInDan g

-
, .

* * -
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i' Table C44.5 (continued through page C4.4.19)
'

:{.
D, s--y et she enes
.,.
'

ei.0T ror-et.I asAs eLOT plet para-et.re suD e!.0T
plot parameters must he entered for each plot that Se to be made.
See Sectless Fil.4.lt and Fil.5.9i

ESTwose serasLT Dettu2OICII Eavuomo DEFAOLT DartMITION
l TTL= pro, delin ptatt della A one character 945= prey, plot I compensat et directies coolse for the

tatle do!!aater signale the beginalag sad S IF VAE OR AE ests of the p!st sacreest
.| end of the title. NAE le read

ptat! le the plot title. VAE- prov. plot T componeet of disectles coelme for thei;
' MAT Type of pictures NAITUSB. WIIIT 300. 9 IF WAE 08 AE sete et.the plot (acrosol.PIC=

or BIAS ID 100 WAE le read*

4 MAI= prov. plot S component of direettee coolse for the.
3 'NIETUSS NAT $ IF DAX On AE seis of the plot-Escroset

i NIX VAX $3 read'9 NIET' 5988= prov. plot I campescat of direction costas for the
BIETURS S IF V988 OR Du este of the plot teowel
MSD1 WDIE le road,

* MEDIA V8el= prey. plot T competent of directfee ce68me for the
j e IF 990108 DII este of the plot teowel

UISIT 100. ==----- 305 Wael to read.

i SOET WDW= prey. Plot S component of directies costae for the
.] BOETTPE O IF UDEI OR Det asle of the plot (doval

Wut VDel le read g-WWIT DLE= borisontal spackag between pointe os plot *4WEBITTTPS DLD. vertical speclag between pointe on plot 4
NAE = ne. of latervals te he pr$ated ceroes page ;,,

BIAS ID MO. ---- IBF 11018 no. of latervals te he printed dove page on
SIAS LPI- 0 lines per Sach printed down the page
BIASIB NCE= CNR8ee do!!a CESS delta a one character
WTS delimiter e&gaale the beglaatag and and
WEIG of the character string.

a NEIGGITS BUIB= TBS TBS allows the problem to seecute
i uof 300 terstaates prehten after data checking
'

WGTS PLT * TBS VBS allows the plettet to be made
'I EUL= prov. plot .I coord. of upper left corner of plot 100 allows reading the plot date without

TUL= prov. Plot T coord. of apper left corner of plot meklag a plot.
89L= prev, plot I coord. et upper left corner of plot
ELR= prov. Plot I coord. et lower right corner of past
TLa= prey, plot. Y coord. et lower right cosmer of plot
CL3 ggev, alot E coord. of lower r8aht corner of miot
PLOT ceIGIus v+4efault values of Cmas are given holow.

Ell SIIIGLE WIIIT-colac8 des v8th ortgla of geometry IIBDIA 012345678910Il 12 13 14 15 16 17 le 19 28 28 22
descasptson. Cuna l23458789 A B C D E F G M I J K L IE

t2l BASE ASSAT-at the most negative potat of the array. IIsDIA 23 24 25 16 27 2t 29 30 31 32 33 34 35 38 37 34 39 40 41 42
Etower left-hand back corner of the global stragt. CNRS II O P Q R S T 5 Y W I T 5 e. $ - * 9 |

638 martaCTED ARRAT- colacideo with the origin of the IIsDIA 41 44 45 46 47 48 49 50 51 53 53 54 55 56 57 58
Colts or AmeAV descriet tom of the alobal array. CESS 8 > s s - S e = I ( a < / 0=

N
N

2
,

O4

a

e e'

-Q:'

.

.
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'j. . Table C4.4.5 (continued through page C4.4.19)

samunary et Searsame mese.

STant - Form.t. maan STant eat.r st.rt d.te b.re suo STant -

Tm. d.f.mit ..iae .f st.rt tree as sero.
< S s.ct1.a Fii.e.$

t,

!,

START R808I880 0FTIOmAL StamTING STant meOulass oFTIOmat StaaTINe
TTFE SATA DATA DISTRIBUTION TTPS DATA DATA DISTRIBUTION RETWORD DSFAULT DEFINITION

O mese NST matform 3 NST EFS sp.ke NST= 0 start type
ESu TFE - PSF' TFEm S.S E coordinate

.i ISP TFT TFT= 0.8 Y coordinate
TSN TPS TFS= 0.8 8 coordinate

s TSF NES NES= 0 I indes of unst pos. gg+ SSu NYS NTS= 0 T 1ades of unit pos. g
SSF MSS MSS = 0 S indes of unit pos,

:f. RFL EFS= fission spectra .g,
,t - PSF 4 DST EFS suBfple LNU. 8 member of laat neutros [$TFE PSF spikse NSE= 0 source malt number

TFT' FCT= 0 fraction
1 RST ISM cosimo TPS ESE= -E -I of mource cubold

ESP NSE ESF= +I +I of source cubold
TSE TSM= -T -Y wf source cubold
TSF TSP = +T +Y of source subold
SSN 5 NST PSF &a speciflod. SSm. -8 -8 et source cubold
SSF NSE malte SSF= +8 +5 of source cubold
3FL . EFL= No start la reflector
PSP S NST NES stattrary PSS. N0 print start S Saput

TFE ' NYS po4ats PSP = NO print starting potate
2 ' NST ISM costaa ulth TFT MS$ .

- NES ESP fraction in TFS EPS
NTS TSN specified. LND* PSS
NSS TSP unit FSF
PCT SSN

* SSP
BFL

= PSP'
30 '

i

| *LMU must be the last entry for each set of*.
. start S data. The Lug of each successive'

.} set of data must be larger them the last. '

'!
' == |

ba
*%
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i
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C4.4.20

Reelsed 12/84

T

Table C4.4.6 Sa===ry of SEARCH input data
Oestne of Search Type W

Data
Position Type of Data Data Entry ca====ts

1. Search Desenpler OPTIMUM Intiates a search for the
OFT ===i=em value of k-effective.

OFTM.

CIUTIC.i famiana, a search for a

CRTL speedied value of k. effective.

* - MINIMUM Immianas a search for the
MINM minumen value of k-effective.
MIN

2. Search Type PITCH Vary the pitch
PIT
FTCH

DIMENSION Vary one or more h in
DIM oss or more repons.
DMSN

.

CONCENTRATION NOT IMPLEMENTED'

CON

3. Optional sansch Optional search paramesers allow*

paramasers champas defamit valmas. Amy or
all may be sneered is any onier.

3a. No. of search PAS = Emeer the keyword PAS = followed
passes by the demised amanhyr of search'

m defs.k -to.,

3b.' Now of search NPM- Enter the keywoni NPM= followed'

'

parassesars by the number of search
parannsters. Presamt capabelity
is limiend to 1. defamit=1.

3c. . Search convergenes EPS= Esser the keyword EPS= followed
toleramos by the domind convergence

toisrance. defanit=1005

3d. Desired vehse of KEF= Emeer the beyword KEF= followed,

k-effective by the damired value of'

kgffective, default =l.000
- DO NOT ENTER FOR OPTIMUM OR

3

MINIMUM SEARCHE!
'

4. Addiesensi search MORE Ester the dellenseer MORE .
dma- This dekamer ends the o, mai

search parassesrs and imunise
the indwulmal someth commands
famed in Table C4.4.16.

,

v

k

n

A

!
A ^

'

s

i

e
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'

Table C4.4.6 (continued)
ommens as hemedad smash ammmmmh tammmad)

' Esary Esyuumd hamy

Number Nems Type af Duma R. Commames

I MAXPfTCH= Mammmme mus=ed PtTCH nis is amad as spamdy the mammmumm

pnsb mEsmed push hr the aussuk The
defman satum in es pam emnagemens to
5*ihe pasummaar as the amamum pmemMs

%
2 MINPffCH= Mimumans aEmmed PfTCH This is used to spamfy the ammmme*

pauh mesmui pimuk far the ammek The
duimmis salue is its summmun pueble

push (la ihm pauh as uhisti es
.

1
umasin es ammy emmek

3s ALTER Bugs a sus sumuk DeMeeON Them muses aus imud to spamfy thus

i'
ALTR aummand PtTCH meeEmmaines we he muda es the

4 ' ALT- gummmuy sumusems to amhampammt

f CHANOS emmummeda(imums 5 shsmuch 8 e

CHNO sesmand as monary the dummed
'

M00lPY abampak

MOO *
.

MDPY

3b MAINTAIN Bugs a see mumsub DEMENSION The spammg(thishmust of the up aEnd
4
- MNTN enemmed PtTCH gummmuy nemas wiB he naamammad when

the imammer neums peu er shnmk

3e EEEP Eage e ese suunt DOdENEION Then ammmmmd samme the spumend gusanney

HOta ammmmed PtTCH es the angualimpus spendssammL

4 PAA= Pasummer ammber DiMSNSION Emmer the pasemens aumher the eunums
PtTCH emmmamed (ALTER. MAINTAIN. KEEP)

appus et The gemma empshhty is
n==a d Daimule=1 and shamid aus he
esamedmL

e

$ UNff= Umma the emmans DDdENEION Emmer the uma in shimb supues ass to be

..
commmad asphus as PITCH alsmuL Daimuk=t.

Emme the lhes er emby numa in th.e umma
9.

6 RSO= Plum summa as he DEMWWON
e e amus e.mmmmm mme s. s e- anumais es e PriCH

and/or d) maply ta} _

manamamuna' Emme the las ague is es uma ethh
i_ $+~ T TO Las suyas es he

; b ff shused in the udt PffCH the summt emummus(hums hk A e

.~ amm/ar d) apply em Defamh is the Asus

nguk

,

,

Num e must he ammund is ander

j
* to aber e made segum in a ammL

Enh immen 6 and 7 muss he amamed is
esd to ene mme one em. ,

;i is a unit

) Se ALL= Samuh emannus far DIMEDWION Emmer e valms sur es masset emmmmme far
' mA musfums(famus) PTTCH ehe spended segmat The vehus us he

j af the sepumisk append to ad susfume of es sepamisk

I . Sb +X= Samsub ammmans sur DEMEpeOM Emmr a suhm far the mesub ammmmma far

+X fans of euhad PtTCH ths +X fees of a ashamL

1 .x = Sant mean for DiMEMaoM E ..ma fu es m.e ammen f-

]- .X fees et suhad PtTCH the .X fans et a cuenst

T +Y= Seusub enemmes far OtMEPmSION Emmer a vaims for the same ammmans far
# - +Y fans af enhami PtTCH thm +Y fem af a subums

* -Y= Samuh ammmmma Imr finessWBON Emier a salms fur the amusuh ammmans for

.Y fous of suhed FITCH the.Y fees of a puhus

5- +Z= Sunse ammmmes fur DedpWON Emmer a vehe fur en mesub ammmmes for

'I +2 fees af enhed PITCH the +2 feesof asubes

f - .Z = Samsst emmmmma for Desp EON Emmer a suhm for es smaet asumme far

*- 2 Imme etsuhed PfTCH es .Z imme of a subest
'4
? - to +R= Summt summmms sur DedWWON Esse a valms hr the amust amammes Imr

d. seems PffCH the smens es e sphme er a sydudur.

+H= Same enemmes for DIBMIGON Emum a vetus sur es sumse ammmmma far
|| + huts PfTCH en + hues et a ayender.

'.II - .H = Samuh esammus far DIbeDWON Emmmr e sehe fur eks sumsub enemmes for
;* . hamps PtTCH es hupsetaayender.

ed CH= Suse ammmes Ier m8mbemanaf Emmer a vetus for the musub amamense fur

d. skud FITCH the skud fame af a kmumphne er homesydudur

1
, - + CON = -- 0 05 0p. Em. es s- se.mmm.s .ur es

PITCH ensums pasumuur. defamis=+teEle
,

9 40N= niimummm enemmmes DOdBeON Emmr the menemme ammmmmma $mr thef PrTCH meses pumma . demhweEie
~ . -.

b

>

x

2

, ,
- , y. .. - - 7 n .~ ; . , ,
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)
' C4.4.2 INPUT DATA REQUIREMENTS

Table C4.4.7 summarizes the input data required by Criticality Safety Analysis Sequence
No. 4. The types of data needed are briefly discussed after the table.

Table C4.4.7 h=== y of data input requiresseets-

Type of Data Analytical Sequenos4

; - 1 AnalyticalSequenos =CSASIX -CSASI -CSASIX -CSASN -CSAS25 =CSAS2X -CSAS4 =CSAS4X
; Specification,

t (leM versons)

2 Masenallatenastaan yes yes yes yes yes yes yes yes

[ Processor Data

3 KENO V data ao no no no yes yes yes yes
,

j 4 Seesch data no ao ao no no ao yes yes

) 5 END for the yes yes yes yes yes yes yes yes

: Ammiyi ai -

*v==
(Inu vermans)

,

1. ANALYTICAL SEQUENCE SPECIFICATION For IBM versions, enter the desired
,.

j sequence name. The available opuons are: -CSAS4, =CSAS4X, =CSAS25, =CSAS2X,
=CSASIX, =CSASI, =CSASIX, -CSASN. Enter PARM-CHK in column 11 to check

,

3, h hh
t 2. MATERIAL INFORMATION PROCESSOR DATA These data are required for processing
4- the cross ace- for use in the problem. These data are descr bed in detail in Sects. C4.4.3 rh
{ through C4.4.7.

. .,

3. KENO-V DATA These data are described briefly in Sect. C4.4.8. A detailed description is
j} . found in Sect. Fil.4 with additionalinformation in Sect. Fil.5.
a

[ . 4. SEARCH DATA Soarch data are required for CSAS4 and CSAS4X. A detailed description
. is given in Sect. C4.4.9. The data required for a simple optimum pitch search are:i

READ SEARCH OPTIMUM PITCH END SEARCH

) 5. EN'O FOR ANALYTICAL SEQUENCE For IBM versions, enter END, starting in
,i column 1.

3 C4.4.3 MATERIAL INFORMATION PROCESSOR DATA
.

[ The Maternal Infor==*== Processor reeds the standard compositions specification data su the
,

cell geometry specdicatia=a It then produces the mixing table and unit cell information necessary

] for processing the cross =rt=== Table C4.4.8 outlines the input data for the Material Information

j- Processor.

4

[- The input data for the Matenal Information Processor are identical to the input for CSASI,
Sect. Cl.6, with the following exceptions:*

, .

; . The analytical sequence card is considered to be part of the overall data input.*

Items 2,3,4,6, and 7 from Sect. Cl.6 are canitted front the parameter card.{ *

. The words END COMP are entered to signal the compistion of the standard compositions spec-I *
-

ification data.

The multiregion zone description data are terminated by the words END ZONE.
~

.

*
.

If optional control pes e are entered, the words MORE DATA must precede the first'
*

optional parameter data entry.
4

s4--- +=r , *- s g e, . cow +=- * *a.y , e m eyp rsep y y p _yeee p., p ; g- g,4r, 3
* eye *4* "9s - -e

:-
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Table C4.4.8 Outline of material information processor data
Data

Position Type of data Data entry Comments

1 Title Enter a title. 80 characters

2 Cross.soctiod HANSEN-ROACH, Dese are the currently
: library name 27GROUPNDF4, available libranes.

123GROUPGMTH, See Sect. Cl.A.I.
218GROUPNDF4,;

i etc.
.

g 3 Type of +='=Na INFHOMMEDIUM Tbene are the available
D LATTICECELL options. See the esplanation

}
MULTIREGION in Sect. C4.4.3.

4~ Standard compusitions Enter the appropnate Terminate this data
- specification data data. block with END COMP.

See Table C4.4.4.

5 - Cell geometry Enter the appropnate Omit for INFHOMMEDIUM.<

specification data. (Omit for See Table C4.4.5 for LATTICECELL.<

INFHOMMEDIUM.) See Table C4.4.7 for MULTIREGION.

j 6 Optional parameter Enter the desired Precede this data block

['
)?

- by MORE DATA if moredata data.-'

. parameter data are to be'

-i-ed. Omr- .
ossit these data entirely.
See Sect. C4.4.7.

:
4

i
The types of data in Table C4.4.8 are discussed bnefly here.

I 1. TITLE An 80-character title is required. The title is the first 80 characters of the Material
i Information Processor data.

b 2. CROSS-SECTION LIBRARY NAME Dis item specifies the cross-section library that is to
- be used in the calculation. See Sect. Cl.A.1 for a list of the avadable libranes.

{ -3. TYPE OF CALCULATION De options are INFHOMMEDIUM, LA1TICECELL, and
- MULTIREGION.

;
INFHOMMEDIUM is used for an infinite ' =; :- medium. It can be used to

[C provide cross sections to KENO V if the KENO-V geometry does not involve a fuel

f: assembly or thu geometry cassot be described is one <h=waaiaa The cross * are
- . if e.ch m.at.r. -. i.e n. . soif.shisidi., caic...- .m .ot

..
account for any . _-^--M effects.

S

< .

.

r?

.

.,

.

- =mg4 9

. .. _ ,, . ~ . . , ,, , - , - . - , . . , , , , , . ,
,"..**,.r-,,wqw.__;,_..
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LATTICECELL is used when the geometry can be described as a lattice. It is espe- )
cially suited for arrays of cylindrical rods or sphermal pellets. The use of LATTI-,

CECELL requires the entry of additional geomet:y information (cell geometry specin-
cation), which is described in Table C4.4.10. When the problem consists of an array of

-

fuel bundles or mimdar geometry, the cross ==ctiana are corrected for both geometre and
maar* self-sluciding. . If cell-weighted cross sectmas are desired, CSAS2X or
CSAS4X must be used. A nux disadvantage factor is then apphed to the cross sections

! _ of the materials that are used in the unit cell The KENO-V geometry description may
e represent a fuel bundle decretely, or as a homogeoeous region. By using CSAS2X or
j CSAS4X, a fuel bundle can be . ^ *_ as a single ' =;-- m regma by specify-

ing a mixture number of 500 on the KENO V geometry card that defines the overalls

J . size and shape of the bundle. This utilizes the cell-weighted cross sections that repre-
sont the spatial behavior of the unit eclL The use of CSAS2X or CSAS4X precludes,

using indmdual mixtures from the unit cell in the KENO-V geometry.

- MULTIREGION may be used to denas a geometnc coanguration that is'more com-j placated than . that allowed by LATTICECELL _ It can also be used for,a system
i. involving large geometnc regens where geometry effects may be rainimal. The

cross sections utihand in the unit cell are corrected for resonance self-shielding, but,-

+ the geometrw correction uses a Dancoff factor of 0, thus ignonag the effects due
; to a lattice geometry. . The cell-weighted mixture that is generated for CSAS2X

and CSAS4X results from '=; "='= the unit cell The additional geometry
'

'

informatica - (Cell Geometry Specification) required for a MULTIREGION problem
,

is described in Table C4.4.11. ;
'

i - 4. STANDARD COMPOSITIONS La Sect.. C4.4.4, and Table C4.4.9, for a desenption of

j. 5. CELL GEOMETRY SPECIFICATION See Sect. C4.4.5, and Table C4.4.10, for an expla..
h?

the standard compositions specificataos data. These data are required for every problem.
i . ..

.

t nation of the data -= tad with LATTICECELL problems. he'naa C4.4.6 explanos the
j_ data required for a MULTIREGION problem.

,
,

6. OPTIONAL PARAMETER DATA Omit these data salses they are needed. If data are to
'

-

'

be estored, see Sect. C4.4.7, and Table C4.4.12, for assistance.

. C4.4.4 ~ STANDARD COMPOSITIONS SPECIFICATION DATA

y The **=aderd compositions speciCcation data are used to define mixtures that are to be utilized
j- in the problem. '!)ese data can be considered to be a mixing table that defines mixtures in terms
y. of standard compositions specification data (availabis from Tabis M8.2.1). 'Ihe required input for
[ the standard compostions specifle=tian data vanes, depending on the standard composition compo-

f seat name. However, every standard composetnos -; =--- must include the fouowing: '

. 1. ' A standard compositaos component name (SC),

2. 'Ihe mixture that costanas this composest (MX),

[ 3. A tennimator for th ti.andard congiamiena== specincation data (enter the word END).
p

; Enter as many standard unpantion specificatacos 'as necessary to define all the mixtures needed

[
for the problean. When all the necesesty mixtures have been described, enter the words END
COMP to signal the cosapletion of this type of data.

The data required to define a standard composition specirmation are contained la Table C4.4.9.
"ARBM" is used to denote entries required only for e.",;s.iy matenals, and ' SOLN' is used for i.
entnes required only for solutions.

$

- . . - . , .. .- . - . , . , _ . , , . - ,. -

" h
7

*
y t t
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Table C4.4.9 Outline of standard composition specification data
Emry vanshie Emmy

Number Nees Type af dans Regmuumums Commmans

t SC Sammensd ammpummes emmpummus emme Alueys Emmer emme for emah smaderd .
Esmer the

alphemmmens demenpuma inus Tabis MS.18. Ademummel

adened name imdmin theme basemme och
utmasury mamuneh, and SOLN for nahmmms

Al ACTH Tamamusuma demumy of mammeml(a/es) AAnd Emmu amas sur ammt samaded samagummme ammpamme

that is an astusary mammeL

A2 NEL Mumher etalummmes is the musuhl AAmd Enumr emum der ammt ummedsud ammpumane emmemmet

,
thus le se artesary manutaL

'1

I A3 IVIS Mahude inesse immmumer AAEBd Emmr emme fur ammh smadasd ammgemake emmemmmet

thus is as mutusary maammL Emmer S fur a mamanal
thus dus met smamme exempts hummys almmmmak Emme

i W the mamanni amammes a antages imummys atumumL

'

As estasury mamanni amemes home muse ahme ese mutmete
imummes elemenL If mammary. summa measury

mamanah may he used is a umWe ammast

A4 ICP Campame imensmer AREbd Emmer emme fur ammt usedud ammpammme sempumums

them is an astueury momunmL Emmer i for a ammpamed.

O for samysw mununk est

AS EES Rummanus imemaner ARE04 Esaur emme for ammt unmaded esepummes emmpammet

thus is an artnery mamanmL Emmr 8 d ad the

munisha in the ammunni ese e

ammar I if ens er mass hans renamens dans See
Sense CIA 3. Tahls CIAL

A6 NCZA ID member (hum far stes autume af AREM Espues the umquenes A6 and A7 fur emah etummet im the

Table ML18) estesary mamunal hufme summme inum 1 Emme the'

master ham the far sidt enkmm af Table ML11. Only
ahmmmes sus to und is as astamery mammimL

( ' A7 ATPld Museheraf ammaf thisalmmmet par ARMS Eagmat the omgemmes A6 and At for ammt ehmus is

N mehude et antimary mammehl & autdemy summmes hadme ammute inne 1 De aus

, OK- ICP=I sumer a sales unkm IQ*l.
!- Wada ymmmun et ehts shmmms is AREtt Eagums the umanames A4 and A7 for emah simmes in

this asamusy mammtal & the asbesary namensi hufms ammme inns 1 Os aus

ICP=4 emner a vaime enhus ICF=&

2 MX 171mmus AD emmber Alumps Emms emme far ammh samedusd ammpmumme snapumemL

?
St FD Pumi dumump(pmes af U ar Pe per SOLH Emmis emme fur a umiumma

,
geur af muhamm)

h S2 AML And mehmer af she alumbe MtJ6 Emmer emme for a malmmum AML=4 if thus h as
med is the malmumms

3 VF vetems frasume (sumis et summel to See Dufemit valms a tA Thus imum ema to amamed if

thuumassidamsy of the mamunal) enemma immus 4. S. 6m and th ass aks M
andeme

4

4 ADEM Mumher dummy (ammms/kmenerb far VF=4 Emmeonlyif VF=tt
the ammEds,

5 TBW Tempmumet in dayums E See Ominedt sehs is 293 L This amm ens he
emmmet emmmet if hems de med th ass she summmL
eshme

en IZA Imamups's ZA ammber VF=4 Emmr for emah imumps is ahn mandyt emmgemmam

emmemmmL Omme W VF=4 Innes de and th me emment*

is pmms used met immups is the cargens is 4 mEmmt' 1

eb WTP. Wudes ymmes of asimunge VF=0 Emmr tar ammt immage in sto ammend aumenheum

emmememL Omm if VF=ta Itama en and .b ase amused

, le pans emed ammt immage in the emmemment is datums

7 EMD Tesammes a amaded ammemminhm Alumps Emma emme for emuk usaded ammemumium ammemumL"

This tumusam the dans for a samadud ammpuuhe
emmgummL Emmer EMD to ammunes she emmemummL Esemmt
hums B-7 emmt ad the mammse hans bene engsms

" *
ENO CObe - mesummansits dans tensk Tasmemus Emmt emus far a puutemmL Isaur the oude EMO CObdP

emme ad its manded empumman sumsmuse haue home

dW
Mama As han sue blumbs mRuudd supumme she inut emmy I ham ske ENO cot @.

--- .
, - . . . . g.y. m . p .q,. a .~. , ,
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3

c -1. SC STANDARD COMPOSITION COMPONENT NAME 'Ihe names of the stand-
.

ard compositions components (the alphanumenc identifers) may be (1) chosea

} from Tabis M8.2.1, the list of elements, compounds, and alloys found in the Stan-
dard Composition Library, (2) they may be chosen from the table of available solu-,

! tions, Sect. M8.3, or (3) they may be designated as an. arbitrary material
(ARBM). An error message will be printed if the user enters an invahd standard'

coesposition component name. .

i For standard compositions taken from the Standard Composition Library, certain
j- data such as the volume fraction or theoretacal density and other engineering type

data may need to be entered. Table C1.A.2 lists the ID's for nuclides that,

4 require a m==<= self-shielding calculation. For ==arl=ed compositions contain-
.

ing more than oss isotops of an element (such as UO ), the user is free to specify2

the weight percent for each isotope, such that they total 100%.'

Solutions require the specification of the density of the heavy metal in the solution
, and the acid molarity of the solution. 'Ibe alphanumenc specification of a solution

starts with the four che.e./ . SOLN.* Some common fissile solutions are
.

^

SOLNUO2(NO3)2, SOLNPU(NO3)4, and SOLNUO2F2..

r

i See Sect. M8.3 for a complete listing of the avanlable solutions.
jq ';.,

f I Arbitrary matenals require the user to previde all the information normally found

i in the Standard Cassposition Library.~ The arbitrary material option allows specify-
', ing a compound or alloy not available in the Standard Composition Library.
p
j An arbstrary matenal name must start with the four characters "ARBM.* A mtxi-

mum of twelve characters is allowed for the Standard Composition Component
name. Imbedded blanks are not allowed is a standard composition component
name.

; An example of an arbitrary material specification is given below-
.

Caesider a mixture of boral having 35 wt % B.C. 65 wt % Al and an overall den-'

i' sity of 2.64 g/cc. If neither BORAL nor 84C were availabis in the Standard
Library, the caemponents BORON, C, and AL could be used top C__, S=

1 describe the boral Tbs necessary valuais fractices would have to be determined as
,O shown in Sect. Cl.B. . By nahnny the ;,.;. f matenal option, both B.C and Al
[ can be described as a component of the seans mixture (a===== it is desired to be

'j' nexture 3), both have a density of 2.64 g/cc and the volume frece=== are 0.35 for

!- the B.C and 0.65 for the AL The resulting standard compositions specification

j data do not regare any calculaimes and would be:

ARBMTL.B4C 2.64 2110 5000 4 601213 0.35 END,

l ARBMTL-AL 2.6410 0 013027100.0 3 0.65 END

A1. ROTH THEORETICAL DENSITY OF MATERIAL Enter ONLY for arbitrary
j[.

a
matenais. The density of the e.t,;;. f materialis entered in units of g/cc. .)

i
l
(
4
.

' . . - --. . - . -- - . , . ,.- -. , . . r.

*
a . .

,
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,

! ' A2. NEL NUMBER OF ELEMENTS IN THE MATERIAL Enter ONLY for arbitrary )
matenals. Enter the number of components from the Standard Composition '

Library that are to be used to define this arbitrary material In the above example, !

the ARBMTL-B4C contains two components, the B and the C.~ Therefore, NEL is |

1 2 for the B.C arbitrary material The ARBMTL-AL contains only one component,
. so NEL is I for it.'

1 A3. ' IVIS MULTIPLE ISOTOPE INDICATOR Enter ONLY for an arbitrary material.
An arbitrary material cannot have more than oss multiple isotope element. If

p more than one is needed, define another arbitrary material Enter a aero if none of
; the elements in the arbitrary material have multiple i=anat== In the above exam.
( pie, the boros is a multiple isotops element, so IVIS is I for the B.C arbitrary
; matenal De arbitrary matenal descriling the aluminum contains no multiple iso-

topo elements, so IVIS is zero for it.
,

k A4. ICP COMPOUND INDICATOR Enter ONLY for arbitrary matenals. A compound
1 is a substance containing more than one constituent element and having properties

| different front those which their constituents had as elementary substances. The
y composition of a pure compound is perfectly definite and is always the same,

regardless of the method of formation. Examples of compounds are: H 0, B.C,2 .

CO , Ca(OH)2, C Hs, Fe2 3, Cr2S 0 ,etc.2 2 3

' - ICP is I for a compound. ICP is O for alloys (stainless steel, mosel, etc.), and
conglomerates or mixtures such as concrete. ;

In the B.C arbitrary matenal exanspie, ICP is I; in the alumiasm arbitrary mate- ',

. rial ====ria ICP is 0.
'

A5. IRS RESONANCE INDICATOR Eater ONLY for Me-y matenals. If any of the
nachdse in the' arbitrary material have r==amaac= data ===acintad with them, set
IRS ' to 1. If all the nuchdes are nonresonance nuclides, set IRS to zero.

.

Table M8.2.1 lists the nuclides that have r==aamara data associated with them.

IRS is aero for both the B.C and Al ML.if material examples.*

f A6. NCZA ID NUMBER Enter ONLY for arbitrary matenais. This is the "ZA" ID num."
,' ber for the element or isotope. Usually, NCZA=A+1000*Z, where A is thei

'
atoanic mess or weight of the nachde and Z is the atomic number. For example,

{ NCZA is 1001 for hydrogen,8016 for oxygen, and 92235 for 23sU. For elements
; for which the natural abundmace is acceptable, NCZA can be entered as 1000*Z.
L , For exampio,92000 for uranium or 5000 for baron.
: 1
1

. .

[ If the arbitrary matenal contains an element that has multiple isotopes, that ele-
lmest MUST be the first elemsst specified in the arbitrary matenal Furthermore,-

that elesasst MUST be listed in the Isotope Distribution Table, Table M8.4.l.
Uranium (92000), plutonium (94000), and borne (5000) are multiple isotope ele-

_

k_
,

mm
i |

For avampia ARBMTL-B4C 2.64 21 10 5000 4 601213 0.35 END is correct:
ARBMTL-84C 2.64 21 10 601215000 4 3 0.35 END is incorrect because the
multiple isotops siement is not listed first.

3

J REPEAT THE SEQUENCE NCZA and ATPM (A6 and A7) FOR EVERY

{S . ELEMENT IN THE ARBITRARY MATERIAL.L
,

!
u

. , _ o y m . _ .,, - - -

. , - , - -
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A7. ATPM (1). NUMBER OF ATOMS.PER MOLECULE Enter ONLY for arbitrary j,

matenals. If the arbitrary material is not a compound (entry A4, ICP is 0),30 to '

(2) below. If the arbitrary material is a compound (entry A4, ICP is I), enter the
number of atoms of this element per molecule of arbitrary material Repeat the

-

sequence A6 and A7 for every element in the arbitrary material ii
s

'
(2) WEIGHT PERCENT OF THIS ELEMENT IN THE ARBITRARY j:

MATERIAL Enter ONLY for arbitrary matenals. If the arbitrary material is a
)-p==I (entry A4, ICP is I), omit this entry. If the arbitrary material is not a k,

: ' compound (entry A4, ICP is 0), enter the weight percent of this element in the |
- arintrary material if ICP is 0, the sum of all the weight percents for the arbitrary ;

i matenal MUST be 100.0. Repeat the sequenos A6 and A7 for every element in (
the arbitrary material before going on to item 2.

]
o

2. MX MIXTURE ID NUMBER A mixture number is required on every standard com-,

position specification. It defines the mixture that contains the material defined by L

the standard conspontions rpecifications data.' The mixture numbers are utilimi in*

the Unit Cell Specification for LATTICECELL problems, the Geometry Specifica-
. tion for MULTIREGION problems, and the KENO V geometry data.

St. FD FUEL DENSITY Enter ONLY for a solution. The Standard Composition Com-
ponent name for a solution starts with the four characters " SOLN.* The available
solution names are listed in Sect. M8.3. Enter the fuel density in units of grams
of heavy metal (Tusile material) per liter of solution.

S2. - AML ACID MOLARITY Ester ONLY for a solution. If there is no acid in the solu-
tion, enter aero, if acid is presset in the solutios, enter the molarity of the solu-,

- tion. }
; 3. YF VOLUME FRACTION The default value of the volusse fraction is 1.0. It can be
J- cautted if items 4, 5, 6a, and 6b are also aniitted. The volume fraction can be
; interpreted as:

l. the volume fraction of this standard composition component in the mixture,
,

;- 2. tbs deamty of the standard compostion component in this application, divided
] by ' tbs theoretical density listed is the Standard Composition Library
| .! . (Sect. M8), or

' ' L 3. a product of (I) and (2).

I For example, assume sa +=. O mixture representing the water moderator
'=

and arealloy cladding around a fuel pin is to be described. If the volume of the
s] clad is 5.32 cc and the volume of the water moderator'is 44.68 cc, the mixture

':i 'can be described using H O with a volume fraction of 0 8936 and ZIRCALLOY2 .

~with a volume fraction of 0.1064.,

1

y For UO feel at 95% theoretical density, the volume fraction is 0.95. For the cool-
- ast water is as operettag PWR, the volume fractica could be 0.71 (cf., Table

C1.A.1).

To describe a mixed oxide fast pin with a deamty of 10.5 g/cc, that is 17.8 wt %
PuO2 and 82.2 wt % UO , two standard compoutanes specifications must be2

4 entered: ces for the PeO composest and oss for the UO cosaposent. Fman the2"~

Standard O S-- Library, Sect. M8, the theoretical density of the PuO is2,

11.46 g/ce, and that of the UO is 10.96 g/cc. Therefore, the volume fraction for . ]stbs PuO is 0.1631 (Le.,0.178*10.50/11.46), and the volume fraction for the UO.
'

is 0.7875 (i.e.,0.822*10.50/10.96).

:
A

y. ..r . .y - . m - ---,y--. , m ~,, ~---r -,y ~ -- - " ~ -
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Occasionally, a special mixture will be desued for which the determination of the,

component volume fractmas will not be so straightforward. Consider a mixture of
boral having 35 wt % B.C 65 wt% Al, and an overall density of 2.64 g/cc.
Assume that neither BORAL nor B C are in the Standard Composition Libraty.
De volume fractions corresponding to BORON, C, and AL may be computed as
illustrated in Appendix Cl.B. Note that the calculation is complicated by the
fact that B.C is a compound and boren has two i=anap== It might be simpler to
ester -B.C.and Al as arbitrary matenals as in the earher example. IF THE
VOLUME FRACTION IS SET TO 0.0, THE USER CAN ENTER THE

,

NUMBER DENSITY FOR THE NUCLIDE (in atoms per bara.cm) FOR ITEM:
' 4. THIS OPTION CANNOT BE USED FOR STANDARD COMPOSITIONS

THAT REPRESENT MULTIPLE NUCLIDES.s

4. ADEN NUMBER DENSITY Enter a value for the numbat .lensity ONLY if the volume
,

fraction (VF) was catered as aero. De number density is entered in units of atoms
per barn.cm.e

5. TEMP TEMPERATURE De default value of 'he temperature is 293*K. De tempera-
| ture can be omitted if items 6a and 6b ar ; also oanitted.

The temperature is used for Doppler broedemag and/or the selectice of the proper
set of thermal scattenas data.

The r==a== ac- self.hi.anhag calculation performed by NITAWL uses the-

; Nordbeun Integral Method and can account for Doppler braadantap of the reso-
j anaces at any speedied temperature. If this matenal is known to contain a reso-

[t^~ - - anace nuclide, the user should ester a rough estanate of the temperature of the..

matenaL To decennies whether rescensos data am available for any of the-

I suchdas in a material,
)
: 1. check Table M8.2.1 if item I is not a solution, SOLN;

i 2. cher.k Table M8.3.1 if ites I denotes a solution, SOLN.
k

[ For each of tbs light auchdas (A420 a.m.m.), the master cross.sectnan library may
contain oss or more sets of thermal scattenas data, each set . m - " ; to a dif-( >

,

.K ' forest temperature. Scattenas matnoes for auchdas is ==d= at elevated tempers--
tures are generally fuller than those at lower temperatures. Tables M8.2.1 and
M8.3.1 ianhe=t* the isotopes, elements, compounds, solutions, and alloys for which,

; multiple sets of thermal scattenas data are currently available. If multiple sets of
'

thenna! scattenas data are available, the user should enter a rough estimate of the
temperature of the matenal The code will then use the set of cross-section data
that is most appropnate.

'

6s. - IZA ISOTOPES ZA NUMBER Ester a value for each isotope in the standard compo.
sition ca==pa===t itea 1. Do not enter a value if the volume fraction, VF, is aero

j (ieem 3).
4

The ZA number of the isotope is estered if the user wishes to speedy the isotopic,

distribution. This is does by estenas 6a and 6b for each isotope until all the'

desired isotopes have bes described. The "ZA" ID number is (A+ 1000*Z), where
A is the stamic mass or weight of the isotope, and Z is the atomic number.>

Items 6a and 6b can be skipped if the default values listed in the Isotope Distribu.-,s
tion Table, Table M8.4.1, are acceptable.

, -,n .. ~ ~ . - -~ -, .-
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6b. WTP WEIGHT PERCENT OF THE ISOTOPE Do not enter a value if the volume
fraction, VF, item 3 is zero. If item 6a is entered, a value must also be entered for
6b. The weight percent of the isotope is the percent of this isotope in the element.

The user need not enter items 6a and 6b for each isotope listed for the element in
' Table M8.4.1. The only requirement is that the sum of items 6b for the element

must sum to 100.0. Thus, uranium could be specified as 92235 3.2 92238 96.8 to"

represent 3.2% enriched uranium and ignore the 234 and 236 isotopes. However,

; 92235 3.0 and 92238 96.8 would not be correct because the 3.0 and 96.8 do not

!
sum to 100.0. 92235 3.0 92234 0.2 92235 96.8 would be correct.

! REPEAT THE SEQUENCE 6a and 6b until all the isotopes of the element have
been defined as desired.>

7. END The word END is entered to terminate the input data for a standard composition
component.

| END COMP The words END COMP are entered only once for a problem. Their purpose is to
signal the end of all the standard compositions specification data that will be used
in the problem. At least two blanks should separate item 7 from the END COMP.
If item 7 is followed by a name, a single blank between that name and the END

I

COMP is sufficient.

C4.4.5 UNIT CELL SPECIFICATION FOR LATTICECELL PROBLEMS

This secten describes the additional geometry data that must be entered for a LATTICECELL h
problem. A lattice cell calculation involves one of the following arrangements, specified from the

4

i center to the outside: (1) fuel / moderator, (2) fuel / clad / moderator, or (3) fuel / gap / clad /
moderator. The geometric arrangements are limited to infinitely long cylindrical rods in a square;
or triangular lattice, spheres in a cubic or close. packed lattice, a symmetric array of slabs, or an

j asymmetric array of slabs.
!

These data are utilized by the code to define a unit cell that is used to determine the geometric
and resonance self-shielding corrections that will be apphed to the cross sections. * Cell-weighted;

cross sections are created only if CSASIX, CSASIX, CSAS2X, or CSAS4X are used. These cell-2

weighted cross sections have a flux disadvantage factor applied to them. Because of this flux disad-
vantage factor, mixtures used in the unit cell description should not be used later in the KENO'

description.
.

I The geometry data required to specify a LATTICECELL problem are contained in
j Tabic C4.4.10. The individual entries are explained in the text following the table.

l.

!
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'i Table C4.4.10 Unit cell specarecation for latticecell problems

..f Entry Varishes Entry Data

i Nesser Nems ' , Typs of dass Requisement Entry C-a

i- 1 CIP Type of lattice Always Describes the type of lattice er array configuration.'

,'i SQUAREPITCH Ues for cylindrical rods la a square pitch. -
TRIANGPITCH Ues for cyhedrical seds is a triangular pisch.
SPHSQUAREP Ues Ier spherical pabees is a cubic lettice.
SPHTRIANGP Ues for spherical peEsas la a be<ensered er face-

te,,d h..g i - ,- - '' letties,

SYMMSE t.TELL . Ues for a symmastric array of siebe.'

ASYMSLABCELL Ues for a periodic, but asymeneanc, array of siebs.

d 2 PITCH Array pitch Always Appropremes The cesser.se4enser species (cm) between fuel
! " luenps. For asynnesenc sieb cou, esser the distance

f
i' from the coster of ens moderaser to the cesser of

- the other moderater (ces).

3 FUELOD' Ouesade ahmension Always Apprepness Outside dismisser of fuel (cum), er the M- of
of fuel A-== the fuel la a simb.

- 4 'MFUEL Fuel snisture number Always Misture so. Misture museher ' ; the fuel.

f' $ MMOD Medsresor uniature Always Misture act Minture number representsag the moederator. h
ausser 7

2
6 MMOD2 2nd modstator ' ASYMSLABCELL Misture no. Misture number representsag the second

misture numbsr anoderaser
,

7- TKMOD2 2nd moderaser ASYMSLABCELL Theckases 1hre- of the second smederaser (cm).*'

thichases

8 CLADOD Outside diameter it cied Clad OD OMIT IF NO CLAD. For a sieb, CLADOD
I of cied is the suas of theckmans of the fuel, say, and clad.

9 MCLAD Clad unisture if cied Misture me. OMIT IF NO CLAD. Misture musiber
j ausnber representsag the cied.

10 CLADID ' leaide dismeser is gap CladID OMIT IF NO GAP hetween the fuel and clad.
of clad

11 MGAP Gap misture if gap Misture sat OMIT IF NO GAP hetessa the fuel and clad.
amuser A snisture suaser of aero is often used.,

I

12 END Terminate latticacell Always - END Tennsaats letticecoilinput desa by escenas 53,

data the went END.
__

;

g . .*
2
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T

1. CTP TYPE OF LATTICE This defines the type of lattice or array configuration. i
Aay one of the following alphanumenc descriptions may be used. Note that the |
alphanumeric description must be separated from subsequent data entries by one |

or more blanks.

SQUAREPITCH is used for an array of cylinders arranged in a square lattice.

TRIANGPITCH is used for an array of cylinders arranged in a triangular lattics.

SPHSQUAREP is used for an array of spheres arranged in a cubic lattice. . ,

SPHTRIANGP is used for spheres arranged in a close-pecked arrangement
,

(dadar=hedron lattice).
'-

'

SYMMSLABCELL is used for a symmetnc array of slabs as illustrated in.

Fig. C4.4.2.

ASYMSLABCELL is used for a penodic, but asymmetric array of slabs as illus-
. trated in Fig. C4.4.3. For such an asymmetric lattice cell, the possible arrange-
monts are fuel / moderator, fuel / clad / moderator, or fuel / gap / clad / moderator.

.
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*

Fig. C4.4.2 Arrangensent of materials in a symmetnc slab cell t

la the above figure, the arrangement is fuel / moderator, fuel / moderator, etc. F
denotes the fuel, M denotes the moderator, P is the pitch, and t is the thackness of
the moderator.

,
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Fig. C4.4.3. Arrangement of matsnais in an asymmetric slab cell . m
Y'

In this figure, F denotes the fuel, M2 is the second moderator, Mi is the first
moderator, P is the pitch, ti is the thw*namn of the first moderator, and t2 is the
th=+==== of the second moderator. The arrangement in this figure is

F/M2/F/Mt.
4
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't 2. PITCH ARRAY PITCH This is the center-to-center spacing between the fuel lumps
(rods, pellets, or slabs) in cm. For an ASYMSLABCELL, enter the distance
from the center of one moderator to the center of the other moderator. For
Figs. C4.4.2 and C4.4.3, enter the value of P.

3. FUELOD OUTSIDE DIMENSION OF FUEL This is the outside diameter of the fuel in
cm. In slab geometry, enter the thickness of the fuel (for Fig. C4.4.2, enter the
difference between the pitch and the moderater ' hick . (P.t); for Fig. C4.4.3,
enter the difference between the pitch and half the sum of the thickness of the
first and second moderators, (P-(tl +t2)/2).

4. MFUEL FUEL MIXTURE NUMBER This is *.he mixture number representing the fuet

5. MMOD MODERATOR MIXTURE NUMBER This is the mixture number rcpresenting
the moderator. (M for Fig. C4.4.2, or Mi for Fig. C4.4.3) Note: A void can-,

,

not be used for MMOD at the present level of development.

6. MMOD2 SECOND MODERATOR MIXTURE NUMBER This is the mixture number
representing the second moderator. OMIT unless entry 1, CTP, is ASYMSLAB.
CELL.

7. TKMOD2 SECOND MODERATOR THICKNESS Enter ONLY for ASYMSLABCELL
This is the thickness of the second moderator in cm.

8. CLADOD OUTSIDE DIAMETER OF CLAD Enter ONLY if a clad is present. Enter the
thickness of the clad in cm. For a slab, CLADOD is the sum of the fuel thick-
ness, twice the gap thick =. and twice the clad thickness.

! 9. MCLAD CLAD MIXTURE NUMBER Enter ONLY if a clad is present. Enter the mix-

;], ture number that represents the clad.

10. CLADID INSIDE DIAMETER OF CLAD Enter ONLY if a gap is present between the*

,

fuel and the clad. Omit if there is no clad. If a gap is present, enter the inside
diameter of the clad in cm. This corresponds to the outside diameter of the gap.
In slab geometry, CLADID is the sum of the fuel thickness and twice the gap
thickness.*

: 11. MGAP GAP MIXTURE NUMBER Enter ONLY if a gap is present between the fuel

!
and the clad. Omit if there is no clad. Enter the mixture number representing

- the gap. Zero is often used.

12. END "Ihe word END is entered to terminate the LATTICECELL data.

i

C4.4.6 GEOMETRY SPECIFICATION FOR MULTIREGION PROBLEMS
'

These data are entered only if the problem is defined ~as a multiresmo problem. It describes the

| additional geometry data that are required for a MULTIREGION problem. A multiregion prob-
<

lem can be used to define a psic arrangement that is more complicated than is allowed by a
$-

lattice cell It can also be used for large geometric regens where the sy effects for the crossaT
j sections ars =iai==1 BE FULLY f. WARE THAT CROSS SECTIONS GENERATED USING

MULTIREGION IGNORE THE LATTICE GEOMETRY EFFECTS IN DOING THE RESO-:
NANCE CORRECTIONS.'

The additional data required for a MULTIREGION problem are given in Table C4.4.ll and
,

~. explanned in the following text.'''

.;
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Table C4.4.ll Goosnetry specification for multiregion problems
' . smey . Vehhas amry D=s

leummer temas Type d duas Beauhammes amary . r-,y
1 Cs Type d guesney Assays . Amambes passmery esyms aus amud hus

- saas Uns sus sash gamesary.
j CYuMDR8 CAL - Uma $st aptmedemi gamestry.

gj' SrlstalCAL Une for schedung ammenry.g
3 BUCELEDSIAs use for shb genaammy att a % anseessium'

] BUCELEDCYL Use for ophnedsel gammeuy ele a W assassies |
..

.-| 3 as might benadery esmemma Regnsed Imr m is VACUUhL Dummess she sighs /emands . ,

,4 maar' ara menes aa g,,,g,,, m
yJ BUCELM CYL VACUUtd This psentens a z anmellas as she humedary.

*t Opiimmes martscraD De aus ass sur ayendusas er sphem-L.

< ser ester realODec De ass um for spenddama e spherismL
gesamesis wteffE 1has pseuidas immasspis sueuse as she humadery.7, ,

"; 3 at test hmmsenry ennemme seembed for Dessen is martmCTsD. Dumedhas es LA humedary -I.'
. auCan mean an emmeda

,;f
. Uh4.D

1has psuutdes a mamsseuse amadhlum as she humedary.maarm ent YL - VACU '

Opsi C, -- -m-i,t 8mr asher plaeODBC De nas aus for aphedshal er sphomasL
J < smessues westTE The psesides husmyis sususe as en hemmenry.

' "" O
d .OnoM tansk.d ha h.m. day . Appmannas Dusman h ae. heam ass hs sh egus ser sendrime .*

en es a-eam &maamse e sphostsel gammaary. .A"

$
3 DY Bushame hmghs,(suit . BUCELSDSLAs Appseyneee OtetT FOR SEAS, CYlJNDRICAR, and SP90ER8 CAL

j & emesame ihm annuymeds es ans d she ^ dimenseemsi
'

DUCELEDCYL d as essasi FD shb ammmbly er as the langst d ;)( a Ashe sythoder. ii

f 6 DE - . m% depsh - BUCga nsa an Appupstese Obaff UNLM BUCan snam am WAS SPSCIFIED.
a dummasase This h she huebas mp6 esmumpanems see

she assmed esmessesus dimemales d a

FD semb ammmb4

7 5840 End gammeary . Alueys END Esser she used EDID. ,

!

8 94XZ Semesse musehes le she sans A8meps heimess em Baymme lemms 810 maad a5 ammes ese M-d -

Esser eks shames emmber imr this amma,

} -*
,

Iq e mz Omnids men d ee m.e An ess Appse,nem m.,em hems a se.ma as amm em esAmma
Aminansee Esser eks amesido damsmalem d the smes (smsk

*
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N
le XteOD Essesmel maduraser indsa Almeys Raymme hums S le omsE sA ammes ese emAmad.

NOEXTkab4OD No moderamme masasiah im she a4menes ammes.
ONEEXTERheOD A medesseing smesssimiis psummes is aus edssamme asat ' ;
TWOEXTEmbeOD boedssamme maassists ass psumes la ese adgasses asses. h
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h4
NEND2ONE Termiasse mee seen END ZONE lianer whom ad ammes hous huse enAmad by supmemme

wi. ,ur e.sh am 2,

.

8 >

'
.

5

e i

a

%

.-[+ ,%h>

f. , Y.
! s,

. - _- . _ _ _ _ . _ _ _ .



.M. M M - --

.

-
,

C4.4.35
Revised 12/84

1. CS TYPE OF GEOMETRY..The type of geometry must always be specified for a
MULTIREGION problem. The cross.section corrections do not account for lattice
' effects. The available options are listed below.

SLAB. This is used to describe a slab geometry.

CYLINDRICAL This is used to describe cylindrical geometry.

SPHERICAL Dis is used to describe spherical geometry.

BUCKLEDSLAB This is used for slab geometry with a buckling correction for the'

,

two transverse directions.
15

'

BUCKLEDCYL This is used for cylindrical geometry with a buckling correction in
the axial direction.;

2. BR RIGHT BOUNDARY CONDITION Dis is defaulted to vacuum. A value for BR
MUST be entered for BUCKLEDSLAB and BUCKLEDCYL, but is optional for

:
SLAB, CYLINDRICAL, or SPHERICAL The available options and their qualifi-

'

cations are listed below:

VACUUM This imposes a vacuum at the boundary of the system.

I REFLECTED This imposes mirror image reflection at the boundary. Do not use
for CYLINDRICAL cr SPHERICAL.-

'l
,

'
j PERIODIC This imposes penodic reflection at the boundary. Do not use for

CYLINDRICAL or SPHERICAL'
.

*i
'~

WHITE This causes isotropic return at the boundary.

! 3. BL LEFT BOUNDARY CONDITION This is defaulted to reflected. A value for BL
MUST be entered for BUCKLEDSLAB, but is optional for SLAB, CYLINDRI-

,.
' CAL, or SPHERICAL The available options and their qualifications are listed

1 -
beiow:

)
i VACUUM This imposes a vacuum at the boundary of the system.

REFLECTED His imposes mirror image reflection at the boundary. For
CYLINDRICAL or SPHERICAL, this is the only valid boundary condition because'

the left boundary corresponds to the centerkne.
'

- PERIODIC This imposes periodic reflection at the boundary.

( WHITE This causes isotropic return at the boundary.

3 4. ORGN LOCATION OF LEFT BOUNDARY ON THE ORIGIN The default value of
3 ORGN is 0.0. This is the only value allowed for CYLINDRICAL or SPIIr.RICAL

j. geometry. Enter the location of the left boundary on the x axis (in cm).

j- 5. DY BUCKLING HEIGHT Enter ONLY for BUCKLEDSLAB or BUCKLEDCYL
This is the. buckling height in cm. It corresponds to one of the transverse dimensions-

of an actual 3-D assembly or the length of a Tmite cylinder.-

f. 6. DZ BUCKLING DEPTH Enter ONLY for BUCKLEDSLAB. This is the buckhng
L- depth in cm. It w m,esde to the second transverse dimension of an actual 3.D'

assembly.

.
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-
.

'
.

7. END The word END is entered to terminate these data before entering the zone description
data. At least two blanks are required between items I and 7 if they are the only
entries.

The zone description data are entered at this point. Items 8,9, and 10 are entered
'

for each zone, and the sequence is repeated until all the desired zones have been
described. To termmate the data, enter the words END ZONE.

.

- 8. MXZ MIXTURE NUMBER IN THE ZONE Enter the mixture number of the material
that is present in the zone. Enter a zero for a void. Repeat the sequence of items 8

'

through 10 for each zone.

9-RZ - OUTSIDE RADIUS OF THE ZONE Enter the outside di===ian of the zone in
cm. In slab geometry, RZ is the location of the zooe's right boundary on the x-axis.

. Repeat the sequence of items 8 through 10 for each zone.

10. XMOD 10. XMOD EXTERNAL MODERATOR INDEX TInis describes the conditions
existag in the zones adjacent to this one. The available options are listed below.

NOEXTERMOD This means there are no moderating materials in an adjacent
i zone.

ONEEXTERMOD This means one of the adjacent zones contains a moderating
. matenal.
t

TWOEXTERMOD This indic=*= that both adjacent zones contain a moderator.
,,.

Repeat the sequence of items 8 through 10 for each zone. When all the zones have
been described, enter the words END ZONE.

.

H - END ZONE is used to terminate the multiregion zone data. Enter the words END ZONE when
'

all the zones have been described.

C4.4.7 OFFIONAL PARAMETER DATA

Most of the parameter data for. Criticality Safety Analysis Sequence No. 4 are determmed by
the control module and cannot be adjusted. However, certain parameters can be altered. If.the
default im ^ :. are WM this sectaos of input data should be omitted in its entirety. Non-
default values for one or more of the parameters can be used by entering the words MORE DATA

. followed by the desired keyworded parameters and their associated values. One or more of the
parameters can be entered in any order. Default values are used for parameters that are not
entered. = Each parameter is entered by spelhas its name, followed immediately by an equal sign
and the value to be estered. There should not be a blank between the parameter name and the
equi sign. Each parameter specificataca must be separated front the rest by at least one blank.
For example:

.

MORE DATA ISN-16 EPS=0.00008 END*

.

would result in using an S16 angular quadrature set and tightening the convergence criteria to
'

O.00008. Note that the END is not the end for the analytacal sequence, item 5 of Table C4.4.7.

Table C4.4.12 describes the optional parameters that can be entered as data.

- - -. -, . -.
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Table C4.4.12 Optional parameter data
Entry Keyword'

Number Name Type of Data Comments

1 MORE DATA This signals that optional parameter data
are to be entered.

2 ISN = Orderof angular The default vales is 8. This
quadrature anows asias another value.

3 SZF= Special meek The default vakse is 1.0
sias factor SZF<l.0 gives a finer mesh

i SZF>l.0 gives a coarser mesh

4 IIM- Max. sember of The default value is 20. This
inner iterstacas aHows using another value.

5 ICM = Max. number of The default value is 25. This
outer iterations allows using another value.

,

6 EPS= Overall convergence The default vales is 0.0001.
c-iteria This aDows using another vales.,

7 l'TC = Point coevergesco The default vaha is 0.0001.
cntens This aDows using another vales.

*

- 8 BKL- Buckling factor The default value is 1.420892.
Use ONLY for a multiregion problem
that specifies BUCKLEDSLAB or
BUCKLEDCYL.

- 9 IUS= Upecatter scaling The default vahoe is aero,

factor IUS=0 doesn't stilias specatter
scahag. IUS-1 uses spacetter
seniing to ecosterate the soletaos
and/or speed eas,wgence.,

j~
U 10 RES= Resosamos data Emew the masture number, geometry

3

type (SLAB, CYLINDER. SPHERE)
, and the 'h of the slab or'

.

radius of the sphere or cyheder,
'- iscm.

11 DAN (ac)= Deacoff factor Enter the misture number mm to which'
,

I for the specified the Deacoff factor applies inside

mixture the 4_ __ : enter the
Deaceff factor after the equal sign,,

] Repeat items 10 and 11 for all
issonance mixtures need is the problem

.

that are act treated in the latticej
call or multiregion descnytion.

.

12 END .enmaus Tetsumate the optional parameter data**

*
SEARCH DATA.y .

READ SEARCH and is ter===wl by estering END SEARCH.
,

.

7 1. MORE DATA These words, followed by one or more blanks, are entered ONLY if optional

Q
Wm data are to be entered. They must precede the first entry of the optional
psc -w data.

j
2. ISN ORDER OF ANGULAR QUADRA"IURE Quadrature sets are geometry-

' p--"=t quantities that are defaulted to order 8 for the Criticality Safety Analysis
.

-

-

Sequences. See Sect. C1.2.6 for a detailed explanatioc.
_

i,g.%
,

'

,
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3. SZF! ' SPATIAL MESH SIZE FACTOR. The automatic mesh generator used in this -

sequence is discussed in Sect. C1.2.5. The siac of the largest mesh interval can be
adjusted by entering a value for SZF. The default value is 1.0. A value less than 1.0

-

yields a finer mesh; a value greater than 1.0 yields a coarser mesh.

4. IIM . MAXIMUM NUMBER OF INNER ITERATIONS This is the maximum number
~

of inner iterations to be used in the XSDRNPM calculation. The default value is 20.

-5. ICM MAXIMUM NUMBER OF OUTER ITERATIONS This is the maximum number
of outer iterations to be used in the XSDRNPM ~1-8 *iaa The default value is 25.

t If the calenlat=a reaches the outer iteration limit, a larger value should be used.

j 6. EPS O'VERALL CONVERGENCE CRITERIA This is used by XSDRNPM after each

T . outer iteration to determine if the probica has converged. The default value of EPS
4 is 0.0001. ; A value less than 0.0001 tightens the convergence criteria; a larger value
jL loosens the convergence criteria. See Sect. C1.2.8 for additional information,
e

[ 7. PTC POINTWISE CONVERGENCE CRITERIA This is the point flux convergence cri-

i teria used by XSDRNPM to determine if convergence has been achieved after an
' inner iteration. The default value is 0.0001. A unaller value tightens convergence; a

y larger value far-an it. ,

9 8. BKL BUCKLING FACTOR A buckling factor should be used ONLY for a multiregion
.BUCKLEDSLAB or BUCKLEDCYL problem. Because cylinders are assumed to bc.

: : infinitely long and slabs are assumed to be inAnite in both transverse directions, the
analytic sequenos may tend to overestimate the total flux for a finite system. A buck-

t . ling correction can be used to approximate the leakage front the system in the trans-

i verse direction (s). The extrapolation nii=*==<= factor, BKL, is defaulted to 1.420892.

i See Sect. . Cl.2.7 for additional details. O
a -

,

'

1. 9. IUS UPSCATTER SCALING FLAG This option allows the use of upscatter scahng to
$' accelerate the solution or force convergence. The default value is zero,in which case

[4
upscatter scahng is not used. IUS=1 facilitates upscatter scaling. Guidehnes are not
avadable to indacate when upscatter scaling is needed. Some problems will not con-
verge with it and some will not converse without it.

10. RES RESONANCE DATA This allows overriding the default resonance data for materi-
,

i als that are not used in the unit cell. The default resonance data are infinite homoge-
4 neous media which may not accurately represent the geometry (for example, a thin

4 clad or container region). The resonance data are entered in the form:

j. RES= mixture number sy type thickness.

4 The mixture number is the matenal for which the resonance data apply, the si
1 type defines the third entry of the 3* array in NITAWL, and the tincira=== is the

. fourth entry of the 3* array in NITAWL. The MIraa== is the thickness of a slab or
the radius of a sphere or cylinder in cm. 'Ihis entire data sequence should be entered:

- for each matenal for which the default data are inadequate.

11. DAN (mm)= DANCOFF FACTOR for the specified mixtures. 'Ihis allows entering a Dan-
coff factor to be used in the maaca correction for the specified mixture. The Dan-'

j coff data are entered in the form:
-

a . .

1 DAN (mm) = Dancoff factor
,

..

.

.
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,

Note that the parentheses must be entered as part of the data. The mixture number.
mm, to which the Dancoff factor apphes, must be enclosed in the parentheses. The
Dancoff factor to be used is entered after the equal sign.

Items 10 and 11 should be entered for each r-= ace mixture that is not specified in
the latdce cell or multiregion data. See Sect. C4.5.1 for additional information.

-

12. . END The won, END is entered to ter-mata the optional parameter data.

C4.4.8 SUMMARY OF KENO-V DATA

I KENO-V data are required for CSAS25, CSAS2X, CSAS4, and CSAS4X. A brief outline of
'the KENO-V data is given in Table C4.4.13. _ The input data ars ==marized in Tabic C4.4.14.4

The input data for KENO V are discussed in detail in Sects. Fil.4 and Fil.5. Data need not
be supphed for entries whose default value is Wa* . KENO V mixing table data cannot be
entered or used in CSAS because they are automatically supphed by the control module.

4

Table C4.4.13 Outline of KENO V data
Type of Starting Termination

Data Flag Comments Flag

Title None 80 columns, must be none

entered first-

.

Parameters READ PARM Enter desired parameter data END PARM
_,

g-
Biasm s or:

1 weighting READ BIAS Enter desired biasing data END BIAS

Gwy READ GEOM Enter desired geometry data END GEOM

i
Array data READ ARRAY Enter desired array data END ARRAY

l or unit
orientation -

L '

Boundary READ BNDS Enter desired albedo data END BNDS
conditions

I or albedoes
. .

- I . . Start data -- READ START 1 Enter desired start data END START
or initini
source

[- Pht data READ PLOT Enter desired plot data END PLOT

3

_

4

.
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Table C4.4.14 (continued);
m

5 Susenesty of array data
Ah

T ARRAY Fermata BRAD ARSAT errey parameters date type erleatet&om data BND ABRAY.

'See Sections Fil.5.5.'F11.5.6 and F19.5.79

Repeat the seguance ABRAY PASARETBAS - BATA TTPS ORIENTATION DATA for each array used Sa the problem.
;

j[
AppAI_thpAngTBas DATA TYt3

EsrNonD DSFAULT DSFINITION FELL
LOOP

-5 AaA= 1 No. dettaing the array'

NUE= 1 No. of units in X direction
:

MUY= 1 No. of matte in V directSomdi MUS= 1 No. of matte la 5 direct $om
GSL= menara The global, salworse or

overall array samberoe
CON = nome della comment della

optional comment is a
mestmum of 112 characters.

,

" ** Can be defeutted by the code. It specified.
At need be entered only once per problem.

9EIE!tTATION DATA FOS FILL OElENIATION DATA F03 LOOP
sator the maat number and name numbers that define thesaker unit numbers to define every position la the array,

Mben entertag data utallslag the options ta this table, the count posittents) of that usSt. Data for each of these tem entr8es- ,
are repeated until every position in the array has been def & sed.i

i field and option field must be adjacent utth no ambedded blanks. Data for as array is terminated by enterlag BND LOOP.The operaad field may be separated f rom the option fle.d by one or ()- more bleaks. Fill data for an array ends utth BND FILL.
BMTER DATA IN TME FORMS

b
~

DATACOutrf 0FTION OPERAND BMTRY CONNBNTS
FIBLO FIBLD FIELD CONNSMTS

i 3 stores j at the current position la the array LTYFB The unit or bom type. LTTFE must be greater than 5

& R j stores j &a the most & positions in the array 121 Start 8ag position to the I direction. III must be et
least I and no larger them the value entered for MUE.

! * j stores j in the mest i positions la the array
1 8 1 stores j in the most i positions la the array IE2 sading position ta the I direction. 112 must be

F j fills romenader of the array with malt No. j at least 1 and so larger than the venue of NUE.

starting utth the current array postt&om ICCE The number of salts by which Sacromaats are
made ta the I direction.* sets the current pos& tion la the errey to jA j

1 8 tacrements current position ta the array by & !YS The starttag position la the V direct 10a. ITS must be
ellows aktpping a positions. The value of 4 at least 1 and less than the value entered for MUT.

IV2 Ending position in the Y direction. IY2 must be. = may be posstive or negative.
a Q j repeats the previous j estries a times. The

at least I and me larger than the value of NUY.

default value of & 1s 1. INCY The number of salts by which Sacrements are made
Sa the positive T direction.

! N j repeats the prev &ous j estries 1 times.
laverting the sequence each time. The default 181 Startleg pos4410e ta the E direction. 355 must be

at least I and no larger them NUS.,

value of a as 1. la the pos&tive Y direction.
& 5 j Starting with the entry at -1 from the current

positlos, store entries la inverse order matt! 112 Bading posittoa la the 5 direction. 352 must be
posities -taejl is reached. Default value of $=t. at least I and no Serger them MUE. IU

4 P j alternately stores 3 and =j to the mest & IRCE The number of units by which tacrements are made
la the positive 8 direction.

positiona of the array.
1 I 3 k provides t entries linearly taterpolated

between j and k, and the end potate 41.e. a
,,total of Se2 points.D 3 and k must be >J

separated by at least one blank.

'!!
s

'T terstaates the data reading f or the arraf.
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Tabic C4.4.14 (continued)
,

- N $$$2

Formata ' READ SIAS keyword correlation data aus414ary END BIASBIAS .

evolghttage see sections 781.4.7 and F18.5.e

HIwonD Das gIPTIou gggIAL ID ausaGT snours TsICsusss/IncesusmT
ID. COSBBLATIcel DATA will be read most. concreto 348 16. 27, 823 5 cm

ad material ID. Bater from table at right. paraffla 400 16, 27, 123 3 cm
to use weightsag date from the library. water 500 15, 27. 123, 210 3 cm

abga. beginalag bias ID graphite 6804 15, 27, 123 20 cm .,

lead ending bias ID

uT= AURILIARY DATA will be read aest.

' wfS= AUEILIhat DATA w!!! be' read aest. O
46

. uttitt material title
-j 14 . material ID. .A
4 asets number of sets of group structures Jh

N
4 RSFSAT TIBEINC 3HMBIMC. NGPWT. WTAVG NSBTS TINS 8
i thklac thickness per tacrement

al austac number of tacrementsj agput number of energy groups for this set of uts

1 wtavg enter mustac* agput values of vtavg.
,

For CORRELATI0el DATA, the Material ID is chosen from material ID coluna above (the keyword as ID=3.

..
For AGEILIAST DATA. the material ID is chosen by the user and the keyword is WTe os WT2*.*

, . ,'j Seginatag and ending bias ID's are defined by the user. The geometry specification that has the'

|, - bias ID equal to the beglantag bias ID ut&18ses the ut avg's from the faret interval of material ID.

.
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Table C4.4.14 (continued)

ha===ry of beumdary condities data

'

suds For t. maAD suds face cod. alb.de aa.e suD suds
(alb.do or s.e s.ction Fu.4.T
boundary
condittsaat The sequence FACE C005 ALDSD0 WAms is entered as h ay times as necessary to defame the appropriate

alb.do bo.ad.rY ce=datso=.. The d.fa.it for all fac.s se vaco .
.

.
FACE CODSS PCs BuTERING ** " =T (ALSED09 CouDITIONS

<

.

' FACS FACS FACE FACE

* C005 DSFINITION CODE DSFINITION . CODE D8FINITION CODS D8FINITION
,

*ES= positive I face RFC. both I faces. +TE= positive I sad T faces 45t= pesative T and 8 faces

438= pos&tive I face TPC= both Y faces SEY= positive E and T faces -IT= negative I and T faces

-IB= negative I face EFC= both E facea STE= positive I and T faces -38= negative I and 8 faces

*Ts= pos&tive T face +FC= all posit 8ve faces *IE= positive I and S faces -T8= negative T and 8 faces,

;
; 4TB= positive T face 4FC= all positive faces +5E= positive I and 5 faces TEF= all I and T faces

v -TB. megative T face -FC= ell negative faces SIS = positive I and 8 faces EEF= all E and 8 faces

; +s3= positive 8 face EYr= a!! I and T faces $5E= positive I and E faces ETF= all T and 8 faces ()
453 positive 5 face ESF= all I and 5 faces *TE. pos8tive T and E faces -TE= negative I and T faces .A
-88= negative 8 face TSF= all T and 8 faces *sT= posttive T and 8 f aces -8E= negative I and 8 faces .A
ALL= all 6 faces *IT. positive I and T faces STE= positive T and 5 faces -8T= negative T and 5 faces &

ALBBDO WARES AVAILABLE Ou TuS E5uo V ALSSD0 LIstART, FOR USS u!Tu Tus FACE CODES

ALaBDO ALBSD0 ALBSD0

MARE DESCRIPTION MAME DESCRIPTION MARS DSSCSIFTION

Dreu20 12 $mch double FS water CouC-4 4 tack concrete differeattel VACUUN vacuum condition

D70520 differeattal albedo w&th Cout albedo with 4 lacident VOID
DPS 4 Sacident angles CouC4 angles TACU

DF0 VAC

CouC-8 9 Aach concrete differeattal
m20 12 tack water 48tternattal Cout albedo with 4 !acadent SrsCULAR mirror tsage reflection

NATsa albedo with 4 Sacadent couct angles utan08

angles Mima
SPBC

PARAFFIN 12 Sach paraffia differen- CouC-12 12 inch concrete differeatten ses
PARA tsat albedo with 4 tacadest coul2 albedo with 4 lacident MIB E
WAR angles CouC12 angles

CAmeOu 200 ca. carbon differeatta! CouC-16 16 lack concrete differeattal psaIODIC periodic boundary condition

GRAPu!TS albedo with 4 tacident angles Coul6 albedo with 4 Sac 8 dent 9531
C couC16 eagles PBS y

N

ETuYLaus 12 toch po!Tethylene CouC-24 24 toch concreto differeattel g
FOLT differential albedo with con 24 albedo ulth 4 Socident
C112 4 tac 14eet angles CouC24 eagles

-

. . .. . - - .. . .. . ...
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Table C4.4.14 (continued)

SusaMaary of geeanetry data .j.
1

GRONSTRY Formats READ GBON enter geometry region data here EMD GBOst
See Sect 4cas Fil.4.4, F11.5.1.2. Fil.5.5 and Fil.5.7Eregical *

GBONETRY REGION DATA coastets of SIMPLE GBOMBhBT RBGION DATA and BETENDED GEONETRY RBGIDM DATA.
,

BETER GEONETRT RRGION DATA IN TME FOLLONING FORNs
;

OFTIONAL GLORAL SFBCIFICATION *

UNIT a
OFTIONAL GROIESTRY CosMeSNT
SINFLE GEONETRY RBOION DATA

and/ore

BETSMDED GEOISETRY RSGIOaB DATA

e o e e .o e e o e o e o e o e e o e o e e e o e e o e o

BMTER EINets GsONETRY RBGION DATA IN TMS FOLLONING FORMS

GLOSAL Sater only to specify this matt as the global unit.
UNIT a
CON de1&m comment delin This optional comment can be up to 132 characters.

It must begla and and uith a delimiter.
fgeon mas no. bias ID damaastoms optional origia data 40RIGN coordinatess optional chord data (CMORDB

Rater as many geometry description specifications as necessary to describe the unit and as many hb
natts as necessary to describe the system. jb

SLNFt.g ggOstgtRY RsGION IMegt_pATA DSQutassegMTS
TYPE OF TYPB 1 TYPE E TYPE 3 TYPE 4 TYPE $ TTFS 6

DATA DATA DATA DATA DATA DATA DATA

(geon BrusRE ICTLIMDas TCTLINDSB CTLINDER CURE CUDOID
.

3 MBNISPMBRE . EMENICTL+T THENICTL+E SCTLINDER
MBNISPMER5tX EMBu!CTL-T TMENICTL-E EMENICTL+E'

* MBNISPMERE.E EMENICTLe8 TMBNICTLtB EMENICTL-E

'f MBNISPMBREeT EMBMICTL.4 TMENICTL-5 SMENICTL+V

; MSMIseMBas-T MsNscTL-T
a MENIssusases

MSNISPMBRB-E
<

d4mensions R tradiust R *M -M R *M -u R +M -M *E -I +E -I +T -Y +E -5

optional Sater the Sater the Bater the Enter the omit omit
ortgla E Y 5 coord. V S coord. I S coord. I T coord.

e

coord. of origte of center- of center- of center-
.

Itse line Itse y,'

optional Enter the Bater the sater the sater the omit omit
e chord dist. to dist. to dist. to dist. to

datase plane plane plane plane

DJ
'%eechord data as act applicable for $PMERE ECTLINDER TCTLINDER CTLINDER or SCTLINDER

'

)

.

O O ,

-



_
)|||j1|I|1| | I|1| ;-| i|1j|1|f||||!|||

_ .

.

-
- n4* *h

N _NNt
<>

c

g
e
r
a

s
e
t d na se oa
t D nt enei

I oa houg
d .dr e ir tile

. o ot s e ge tar
, o sa na a * en sav

c To r i e re ac d
AT eee b l g iee

a 3 cc rnn b t f efht
i s ia ueo t a t oe miTa-

ac r
s g TSA Lt t gi s t e .b) N i mPT tr a g r r c se.e3YA se t me 8 e oo p n

d m r
e O o mTD as sar 2 v Nt esee
u F u h pg

n G n s .
trat ohh

~ ) t N o u d stsci

d n I i o r ac a

e o W g s eoe ete

u c O e a d hot dl a*

L r e r tcg efhf
L A2 cte a reton (

t a O r T alb rEr eri

t F e AEA s lam t t e o t t es
n PT t pmu i i tY i nrvsa p JYA o m n m m a f m eoaeo d Ec H s TTD m e o o SXo o hn
( y T s u ee k

btsc
4 r e r ani.t N n u ocohe1 e I h t tiitcn c4 a A i u Y lg a

speef
4 e T h o A

. .y nerhre A t t RC g D a R dge or t u
a A rer i d s

-
e fo Y 0 s . eosr seee
b s 1 sm o r ho a nhtstl

a y t f Tou n o tct eta a
Dmo f sf m rshr a s at

- T e n a t T aas y rEoo igent
t danom.m o i SEA Assss a t t e
i t et na b uPT ennna r i i tV-

7,V
,. u G cYA moooo r m m a ft m fdgso

s sTD Acccc e o o BEop o oe n
ceeta D D e rehmaS E I ertilD o

. bp drN . s
E f D g m e e
T e g e unset
X r s r nouha

iat m- E tF D D /.aO I I e. egc
- a n s n h td heeff

s o SA o . s c gr g Trboo-
. T e FT e f a t to e *

M g YA e e i D ro s *

.-- B i TD f r b L oc a
~

u Y
. Rn3

To

- sst

-

, uga
o.o
arc
Cat

.

.
.

.

-
*

.
,

,,

w

-s.

.

,

s
,

,

, ,,, e.'- -
-
.

a.
.
.
.
.
.
.

-
.
.

-

-
; ,) 3 a'' ,'S, !

.



-
- n-.+.. . mn - . ~~ ; -

- - - - < ~

-

.

v

.

4

.e

T Table C4.4.14 (continued)

h==m y'es plot data
;
; eLot rorm.t. -asAo etof plot p. remet.re - n=D eLot

.3 plot p.ramot.re m.st b. .ater.4 for each plot that se to be mad..

34
s s. cts.es eli.4.is and ris.5.9

: savuoso sarAut? DarIntrigg garwoep parAULT DartuITIon '

.' TTL. prob. eelin yttti delim A one character BAI= 'prov. Plot . E Component of directica costas for the
*

-title Gelimiter s8gaans the begaantag and S IF vh3 On AX esas of the plot tecrosol
and of the 18tle. NAX is read

,,ptttl to the plot title. WhE= prov. plot 7 component of directies cosine for the'

PIC= NAT Type of pictures MIETWBS. Uut? MO. 8 IF UAE 08 A2 emis of the plot decroses
er BIAS 10 NO. NAX is read

j NAI= prov. plot 5 componest of direction coalme for the
NIETues ------- BAT S IF d&E 05 A2 eats of the plot 4across)

NIX vh2 is read
' EXET WDue prov. plot . E component of directies cosine for the

BIETWSS S IF VDs OR Du esas of the plot teown)
EsDI WDM !s read
usDIA vDu. prov, plot T component of direction cosame for the - ()

S Ir UDs os ou asse of tb plot seovas pm
DeIIT 300. -=- 301 WDel is read &

DOET WDN= . prov. Plot 4 component of direction coelas for the *

.DOETYPE , O IF UDN OR DM as&s of the plot teoval
DNT VDM is read
UNIT DLE. bortsestal spacing between potate on plot
uutTTVPs DLD. vertical spec 8mg between potate on plot

mAE. me. cf Satervals to be praated across page
BIAS ID NO. ---- Inf MDM.

.

no. of 1stervals to be printed down page
BIES LPI= 8 lines per Sach priated down the page
BIhSID BCE. CNRS** . de11 CBAS delle e one character .

'
WTS delimiter signals the beginalmg and and
usIS of the character string.

..WSIGNTS BUma VBS TBS allows the problem to esecute
met no teralastes problem after data checking
NOTS PLT = YBS VBS allows the plottel to be made

EUL= prov. plot I coord. of upper left corner of plot NO allows reading the plot data without
TUL - prev. plot T coord. of upper left corner of plot meklag a plot.*

"S sut= prov. plot 3 coord..of upper left corner of plot
*! E LB. prov. plot. . E coord. of lower right corner of plot

.
T La = prov. plot Y coord. of lover'right corner of plot

1 ILR= 31ov. alot 8 coord, of lower rieht corner of elet
PLOT ORIStus a* default values of CNRS are given below.a

til SInGLs putt-cosacides with origin of geometry usDIA S 1 234567891819 12 13 14 15 16 17 IS 19 20 21 22 30
description. CMSS 423456789 A B C .D s F G M I J K L M

<

428 shes ha&AY-at the most negative pelat of the array. NEDIA 23 24 25 26 27 28 29 38 31 32 33 34 35 36 37 38 39 40 41 42
4 tower left-hand back corner of the global array). Cmas N O P Q R S T U V W I T 8 0 S - + 3 |, ,,

be
..

433 BEFLBCTs0 hasAT- colactees with the origin of the NSDIA 43 44 45 46 47 48 49 58 51 52 53 54 55 56 57 58 -

= f 4 e < / 8 |ECOes or hasAL_ggscT49%{om of the elobal arraw. CNRS S' > s I - S * *

~;
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C4.4.9 SEARCH DATA |

Search data are required only for CSAS4 and CSAS4X. They are omitted for all other
sequences. Search data are entered in the fcrm:

READ SEARCH search data END SEARCH

The words READ SEARCH inform the code that search data are to be read and the words END
SEARCH terminata the search data. De search data options are described in Sects. C4.4.9.1
and C4.4.9.2. Additional informahan and examples are contained in Sect. C4.5.3.

C4.4.9.1 SeePeh Type Specipcation

The basic search data to define the type of search and vanous search parameters that set limits
for the search are described in this section. These data are listed in Table C4.4.15.

p Table C4.4.15 Outline of search type specification

Does

hommes Type d Dean Omas Emery Commmmme

t. Sensub Dummepaar OrflMUM lamamams a sussub for the

OPT summaman .ehus d kh
OPTM

CatTICAL - Imamens a smusst fur a

CaTL spammad .utmo d b.dmusma

MINIMUM lameness a sumsub fur the

MIMM mammmme seise of beemumma

MIN b?
' 2, Sensah Type PITCH Vasy the posh
| Ptf*

| . PTCM

DeMsNesoM vmy es. . man enemmen i.
DRM ese er muss suemmt
OMEN

CoMCENTaATIoM N0r IMPLEMENTED
CoM

1 Opumumi meset Opummmi numseh gesummens adme

panemane changue desmut .isma Amy er
et many be amamed is any esder.

!

L 'A Na d sumsub PAS = Esser the keywed PAS = fatsmed

$ pomme . by the dummed aumber d sament
pumas desamm=na

3h, Na d sensub . NPM = Ensur the buyuusd NPM= fugsmed
pasummame by the numeur d sumsub

7

| pumm'aust Psamme empshesy

) is ammad as I. ensamh=I.

'' k Sensah ammuusgumma WS= Esser the huyumed WS= ImAssad

estuumme by the dumud esempues

g istuumma endset= tees

('
34 Duhud utesd agr= samt the buyund EEP= SmAsmud

b.dmate by she ammsus ,msns d
,

j m denum =i.ses -
< 00 Nor sNTua Pon orfrMests on

MINIMUM sEAstCHE

4. - Adagsmael asesub W*1 Smaar the datummer Mona
dass The datummer ends ahm apenmal

I smuut pasumumme and ammmme g

the inesedsmi sussut enummeds .<
fused im Tetts C&&la A

w

L
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The desired search type must be specifad in the search data before the individual search com-
c- mands can be entered. The desired search type is specifad only once in a problem. The data

specifications are listed below.

1. SEARCH DESCRHTOR -
: Enter a word (OITIMUM, CRITICAL, MINIMUM) to define the basic search
mode. A default value is not supphed. De three basic search modes are:

OITIMUM initiates a search for the maannum value of k-effective.

? CRITICAL initiates a search for a specified value of k-effective.

- MINIMUM instistes a search for the mmi=um value of k-effective.

2.' SEARCH TYPE .,

' Enter a word (PITCH, DIMENSION, CONCENTRATION) to specify the var-
'

imbio that is changed during the search. A default value is not supphed. The
^ *

vanables are:

PITCH causes the pitch (center-to. center spacing in the x and y dawdese) to
vary accordaag to the search parameters.

.

DIMENSION causes the d=naa- in one or more geometry regions to vary.

3
according to the search p --- -

.

4' .

CONCENTRATION causes the concentration to vary. THIS OITION ISO; ,

NOT IMPLEMENTED."'
s

;

i 3. OPTIONAL SEARCH PARAMETERS
[ Optional search parameters are availabic for changing default values. They are
'

specified by entenas a keyword followed by the desired value. The optional |.

- search parameters are listed below.

j -3a. PAS = NUMBER OF SEARCH PASSES
j The number of search passes is the maximum number of times the search will

change data and calculate the . , Sg k-effective. The default is 10.+ -

i
'

3b. NPM= NUMBER OF SEARCH PARAMETERS
The number of search parameters is the not fully implemented.. The default --

! -value is I an.1 should not be overndden.

3c. EPS= SEARCH CONVERGENCE TOLERANCE
,

1 The search convergenes tolerance is the search convergence entana. OPTIMUM
and MINIMUM searches are tenniaased when a k. effective is calculated that is

|' witium EPS of the optimum or misunum respectively. A CRITICAL search is
tennisated when a cale-I=*=d k-effective is within EPS of the target or desired

i - k-effective. De default value is 0.005. ,

3d.L KEF= DESIRED VALUE OF K EFFECTIVE-

r This infonnation is entered ONLY for a CRITICAL search. De default value !

is 1.000.
-

.

{, Ya .
'

,

|

[

|

- . ._ .
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.

. 9

4. .MORE ADDITIONAL SEARCH DATA will follow.
~

De word MORE terminates the optional rearch parameters a. d initiates the
indmdual search commands. Do not enter MORE unless individual search com-
mands are to be entered.

>

C4.4.9.2 IndMdualSeerek Commandr

Indwidual search -==ada are entered ONLY if MORE, item 4, of the search type speciru:a-
tion data were estored (see Table C4.4.15). Indmdual search -===da 'are used to specify

.
search constramts and to communicate to the search program the units that will be altered, the
repoes that will be altered witlua those units, and the faces or surfaces of thoes repoes that will ber

altered. The data compnsing the indmdual search an===ada are listed in Table C4.4.16. All
data except items 3a, 3b, 3c and 7 are keyworded (Le., the data are entered by specifying a key-'

| word, followed by a value). An avi ===tiaa of each individual search command follows.d

3

.
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!
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i
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.
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Table C4.4.16 Outline of individual searcli ra===ada
Eassy Keyword Entry

Nesser Namns Type of Data Requissanents Cassunsens

! MAXPITCH- >8a=- allowed FITCH This is used to specify the -=3-=

pisch allowed pinch for the seesch. The
defamit value is the pisch corsesposens
to -5*the paraensest at the seemiansan possiMe
pisch.

2 MINFITCH- Misamenen allem i PITCH This is used se specify the -6
pisch allowed pinch for the asesch. The

default vales is the mesassenen passiMs
.,

.
pinch (Ls. the pinch as which the

; unies in she array teach).

. 3e ALTER Begin a etw esesch DIMENSION These weeds ase used ta specify that
* ALTR cuananned PITCH anodiEcossess will be minds to the

ALT goonistry accesses so euhasquest
CHANGE " (iseems 5 thseegh 8 as

CHNG sequesed to specify the demised
i MODIFY changes).

MOD
MDFY n

3h MAINTAIN Begin a asw seesch DEMENSION He spacing (au-) of the spaciGed (
MNTN cessanned FITCH geasmessy segians will be unmistaened whos . in,

'"the inserior segions yow er shrink.

3c KEEP Begin a asw seasch DIMENSION Dis cosnamaad seeste the specsEsd geomestry

HOLD " PITCH to the erigeant input . *

*4 PAR = Pareassest meanhar DIMENSION Esser the parasmoser amuser the cursent
PITCH h ( ALTER. MAINTAIN, KEEP)

applies set The psesent capshdity is
housed. Defauk-l and should met he
overradden.

5 UNIT = Unit the current DIMENSION Easer the unit le which regions ese se he
cosmanned applies to PITCH aisesed. Defauk-l.

6 REG = First region so be DIMENSION Esser the Asse er caly sagion in the mais
altased in the unit PITCH which the search ---a-(isemis Se, b, c

and/or d) apply la

7
'

TO Last region so be DIMENSION Easer the last sugies le the unit which
ahesed in the unit PITCH the eserch cessaants (iseems Se, b, c

and/or d) apply so. Dessels is the Area sgi

: I*

j Nase .Issen 6 sment he essered in esder to ed

i aiser a singis region in a mait. Both g
i inesas 6 med 7 samat he essered la order

i se elser anese them oss regies le a most. .*
4

I

. . - __



, . #-,___,.. ..m - _. . . . . _ _ , _ ,
7..

't

?
.

J

Tabic C4.4.16 (contissed) .'
. . . . _ _ . . .

Se ALL= Seed enastaat for DIMENSION Esser a value for the seescan esartaris for
all susfaces (fases) MTCH shs specaned sessoas. This velsW hs

,

af the sagine(s). applied se all surfaces of the W6
Sb +X- Seesch comesamt for DIMENSION . Esser a value for she seed senseast for

+X fees of cubsid MTCH she +X fees of a cubeid.
3
* -X - Seesch emessant for DIMENSION Emeer a value for the seesch constems for
' -X fees of cubsid PtTCH she -X fees of a cubend.

+Y= Seesch enastaat for DEMENS40N Esser a valus for she seed ceassant for,

+Y less of cubsid MTCH she +Y face of a enheid.

-Y - Seesch esassant for ' DIMENSION Esser a valus for the asesch enastaat for3

.c -Y fees of cubsid MTCH the -Y fees of a cubaid.

+Z- Seesch constems for DIMENSION Esser a voies for she seesch ceassant for
'

+Z fees of subsid MTCH she +Z fees of a cubeid.'

'
-Z- - Search == for DIMENSION Esser a value for the seesch esassant for

-Z fees of cuboid .MTCH the -Z fees of a coheid. Q
,S Sc +R= Seesch emessant for DIMENSION Esser a velas for she seasch camssant for b

radius MTCH the radius of a sphase er a cyliador. N} +H= - Seesch coastaat for DEMENSION Esser a voies for the seasch camssant for
~

+ height MTCH she + height of a cyheder.

-H - Seesch emessant for DEMENS80N Esser a value for the seesch cessanat for
*

- height MTCH she - height of a cyheder
ad CH- Seesch ceassant for DIMENSION Enter a valus far the seasch ceassant for

.
chesd PITCH the choed fees of a basessphase er '

'

,

i 9 + CON = Mashaman seestraint DIMENSION Enter she sensimusse seestraint for the
MfCH curseas parasseeer. defauk=+10El0

0 -COh - Miannuma conseresas DIMENSION Esser the sessumman cometreset for she
- MTCH curseas parasesser. default -10EB0

.

.
s
E
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k
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1. MAXPITCH= MAXIMUM ALLOWED PITCH The maximum allowed pitch (center-to-
center spacing in the x and y directions) is specined using this keyword. It
applies to a PITCH search type and causes the search to terminate if the
specified pitch is exceeded. The default value is the pitch corresponding to -5
times the parameter at the m nimum pitch.

2. MINPITCH= MINIMUM ALLOWED PITCH The rn nimum allowed pitch (ce" sto-
center spacing in the x and y directions) is specined using this keywoau. It
applies to a PITCH search type and causes the search to terminate if the
pitch needs to be sma*ler than MINPITCH. The default value is the pitch at
which the pins in the array are touching.

,,

3. ' ' A NEW SEARCH COMMAND A new search command is initiated when-
ever an item 3a through 3c is encountered. The code will vary the geometry
according to subsequent commands.

3a. ALTER ALTER GEOMETRY REGIONS These words specify that nodifications
ALTR will be made to the geometry according to subsequent commaae

ALT
CHANGE
CHNG
MODIFY
MOD
MDFY

3b. MAINTAIN MAINTAIN THE THICKNESS The thickness of the specined geometry
MNTN region (s) will be maintained when the interior regens grow or shnnk (Le., the

specified regma will grow or shnnk in conjaarelaa with the interior region in
her such a way as to maintain the onginal distance between the two regions).

This means that the onginal thekaa= of the resma is preserved. For
;

instance, the inner radius of a pipe can be altered and the wall thickness can
be vis,M by applying the MAINTAIN command to the region defining
the outer radius of the pipe.

,

3c. KEEP ', KEEP THE ORIGINAL SPECIFICATION This command causes the
| HOLD specified geometry region (s) to be reset to their original input value for every;

|search pass. Therefore they go through the entire search process unchanged.

4. PAR = PARAMETER NUMBER .The search parameter number is 'not fully imple-'

mented. The default number is I and should not be overridder

5. UNIT = GEOMETRY UNIT NUMBER This is the geometry unit to which the pre- !
viously entered search command (item 3a, 3b, or 3c) is applied. Items 6,7,
and 8 specify the region (s) within the unit aad the surfaces of the region (s) to
be altered.

6. REG = FIRST REGION TO BE ALTERED This is used to specify the first or
. only regma in the unit (specified by item 5) that is to be altered according to

! the search ca== mad (item 3a,3b, or 3c). The region (s) are altered accord-
ing to the search constants (items Sa,8b, Sc, and/or 8d).'

7. TO LAST REGION TO BE ALTERED This item is entered to specify the last
region to be altered, starting with the region specified by REG =. For exam-
plc, assume unit 3 contains 8 regions and you wish to make changes to
regions 4,5,6,7, and 8. These regions are identified by entering the follow-

f. lag data. UNIT-3 REG-4 TO 8

|

!

- _. - . .
,

,
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8. SEARCH CONSTANTS A search constant is the proportionality factor N
utilized to alter a geometry region. A search constant must be entered for*

each surface of a region that is to be altered. A search constant of 1.0 will
cause the region dimension for that surface to be changed. A search constant
of 0.0 will cause the region dimension to remain unchanged. He default
value of the search constant is 0.0.

84. ALL= SEARCH CONSTANT FOR ALL SURFACES All of the surfaces in a
region are altered simultaneously by using this search command.

8b. +X= SEARCH CONSTANT FOR +X FACE This parameter is used to specify
the value of the search caantant for the +X face of a cuboid.

-X = SEARCH CONSTANT FOR -X FACE This parameter is used to specify
the value of the search constant for the X face of a cuboid.

+Y= SEARCH CONSTANT FOR +Y FACE This parameter is used to specify
the value of the search constant for the +Y face of a cuboid.

.Y = SEARCH CONSTANT FOR -Y FACE Dis parameter is used to specify
the value of the search constant for the -Y face of a cuboid.

+Z= SEARCH CONSTANT FOR +Z FACE This parameter is used to specify
the value of the search constant for the +Z face of a cuboid.

--Z= SEARCH CONSTANT FOR -Z FACE. This parameter is used to specify
the value of the search constant for the -Z face of a cuboid.

NOTE: If it is desirable to change all the faces of a cuboid except the z
face by some amount (search constant of 1.0), items 8a and 8b can be used .

together as follows: ALL-1.0 -Z-0.0. This is the same as entering .

+X-1.0 -X-l.0 +y-l.0 -Y-1.0 +Z-1.0. If both z faces are to remain
v_daaM items 8a and 8b can be entered as: ALL-1.0 +Z-0.0 Z-0.0
or as +X- 1.0 -X- 1.0 +1 - 1.0 -Y- 1.0.

Sc. +R= SEARCH CONSTANT FOR RADIUS This parameter is used to specify
the value of the search constant for the radius of a sphere, hemisphere, cylin.
der, or hemicylinder.

+H= SEARCH CONSTANT FOR + HEIGHT Dis parameter is used to specify
the value of the search constant for the + height of a cylinder or hemi-
cylinder.

H- SEARCH CONSTANT FOR HEIGHT This parameter is used to specify
the value of the search constant for the height of a cylinder or hemicylinder.

8d. CH- -SEARCH CONSTANT FOR CHORD nis parameter is used to specify
the value of the search constant for the chord of a hemisphere or hemi-
cylinder.

I

?
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.

; - 9. + CON = MAXIMUM CONSTRAINT . Enter the maximum value you wish to allow
the search gr.er to obtain. The maximum constraint must be larger'

than the mimimum constraint but need not be a positive number. The
default value of the maximum constraint is 10'3

NOTE: For a PITCH search, the manimum constraint is calculated from the
data estored for MAXPITCH, item 1. + CON should not be entered if a
value was estored for MAXPITCH. If constraints, + CON = and/or
<ON= are not entered as data, the code computes the minunum constraint
w. ,- " ; to the pies touching, and the maximum constranat is then five
times the mag =*=la of the minunum construst.

10. -CON = MINIMUM CONSTRAINT Ester the maaimum vales you wish to allow
the search parameter to obtain. 'the minimum constranat must be analler
than the manimum constraint but need not be a negative number. The,

default value of the miassum constraint w.__, - f- to the pins in the lattice-

touchias.

9
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S2.2.6 THE GAMMA SOURCE SPECTRUM

The last subcase of th e ORIGEN-S case described in the last
subsection invokes the option for computing the gamma source spectrum of
the spent-fuel assembly. The photon energy-group-structure of the SCALE
cross-section library to be used in the shipping cask shielding analysis
is applied.

The code first converts inventories of all nuclides of the cooled'

fuel assembly to disintegrations per second. Then, applying the ORNL
Master Photon Data Base,2 it suas individual nuclide photon spectra to*

determine the total gamma source spectrum. The intensity of a line at

energy E, from the data base, is normalized to E, the averste energy of
the group, using direct multiplication by the factor E/E, with one

In cases where E-Eg or E -E is less than 0.03 (E -Eg), whereexception. 2 2

E and E2 are the boundaries of a group, one-half the initial intensitytis applied to each of the two groups having the boundary near the itne.
These procedures maintain the conservation of energy rather than photon
intensity, which shoulu give a more correct computation of dose rates
in the shielding analysis. As a final correction, the ratio of total
nuclide gamma energy, from data in the ORIGEN-S Working Library, to

the gamma energy of only those nuclides having line data, is multiplied
times the spectrum computed from the data base. Later, the spectrum
is converted to a uniform volumetric photon source for the shielding

! analysis.
I) 2 includes photon intensity and

.

: The ORNL Master Photon Data Base"'

! energy data for the following physical processes: x-rays and gamma rays
emitted during radioactive decay of 427 nuclides, or more, taken fromi

the Evaluated Nuclear Structure Data File ( ENSDF) 3 '4 ; prompt fission
gamma rays from spontaneous fission of heavy nuclides; gamma rays froma

i the fission products produced in spontaneous fission; gamma rays from
,l (a.n) reactions for heavy metal dioxides; and bremsstrahlung productionj! from beta and positron deceleration in UO2 and water using beta energy*

i data from ENSDF (see Sect. M6).

S2.2.7 THE NEUTRON SOURCE SPECTRUM
s .

1
- An energy-dependent neutron source is required for computing neu-
! enns dose rates in the shielding analysis. Since ORIGEN-S did not calcu-

late neutron source spectra at the time SAS2 was written, the procedure'

4 for computing neutron spectra described here was developed for SAS2.
Also, substantially improved spontaneous fission and (a,n) reaction

yield data gere applied. The data and method previously used in ORIGEN-S,

and ORIGEN over-predicted the (a,n) yields by a factor of %2. The

; complete model described here has subsequently been incorporated in
4 ORIGEH-S.

i

.
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N
The neutron source applied by SAS2 includes that produced from both .

spontaneous fission and (a,n) reactions of heavy nuclides. The
significance of excluding neutrons produced by photofission and
photoneutron reactions is discussed later in this subsection.

The major part of the neutron source is produced from spontaneous
fission of the heavy nuclides. Data required to compute the neutron
production rate from this process include the spontaneous fission half-
life, the average neutron yield per spontaneous fission, v,g, and the,

concentration for each contributing nuclide. Spontaneous fission half-
lives for the more significant nuclides are those from the recently up-

dated 6 ORIGEN-S card-image actinide nuclear data library (Sect. M6).
3These half-lives are taken from ENSDF ,4 and from Kocher's recent com-

pilation of decay data,7 both of which contain evaluated measured data.
For several less important nuclides, unmeasured half-lives are taken
from Ref. 8. These data were estimated with a correlation between mea-
sured data and so-called fissility parameters.9 The v f data are takens

from Ref. 8. Measured values are available for 21 nuclides,

including ene most signiticant. An equation, derivede to compute v f's
) produces values which are within two experimental standard deviations

for all except three nuclides. This equation is applied by SAS2 for
nuclides that do not have measured data.

18 (a,n)17 (a n) andA significant neutron source is produced from 00
reactions in the UO2 and other oxygen compounds of the spent fuel. Thin,

-

]"target cross sections for these reactions and alpha stopping power data
may be applied to compute neutron yields of the fuel material.

17 (a n and10 of
produced improvement over earlier data.II'IE )ddi-
thin target cross sections for the 0Measurements

I
18 A0(a.n) reactions
tionally, thick target energy-dependent (a,n) yields for 238 GNAT 02 were,

computed.10 having estimated accuracies within 10%. SAS2 applies these,
yield data from Ref.10 to weighted energy averages of alpha energy-

7 l3f intensity data of all nuclides except for those reported for 21"Bi,

f
241Pu and 249Bk, which have very small alpha branching fractions. Decay
constants and alpha decay branching fractions are required to com-
pute the (a,n) source. The decay constants are read directly from the'

ORIGEN-S Binary Library. However, since alpha decay branching fractions
are not supplied directly from an ORIGEN-S Binary Library, the data are*

provided in the Block Data COMMON /SPECDT/. The data were copied from
the current version (updated in 1981-1982) of the ORIGEN-S card image
nuclear data library (Sect. M6). Also, since alpha energies are not ex-

,

plicitly included in ORIGEN-S libraries, the weighted averages of the
7most current (1981) evaluation are also supplied in COMMON /SPECDT/.

,

4 All of the nuclide yields and associated data are edited during the SAS7
execution.

242 244The isotopes Cm and Cm characteristically produce all except
a few percent of the spontaneous fission and (a,n) neutron source in
spent PWR fuel over a 10-year decay time. The next largest contribution

238
is usually from the (a.n) reaction of alphas from Pu, which is
approximately 1 to 2% of the source. Neutron energy spectra of both the

)

._
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B. Sets of Interface Data (By Code, Case-Type):

(1) BONAMI-S, depletion unit-cell;
(2) NITALS, depletion unit-cell;

(3) ISDRN N S, depletion unit-cell;
(4) COUPLE, depletion library update;

(5) ORIGEN-S, time-dependent depletion densities;
(6) ORIGEN-S, final depletion and decay case;
(7) BONAMI-S, cell-weight shield unit-cell;
(8) NITALS, cell-weight shield unit-cell;

(9) ISDRNNS, cell-weight shield unit-cell;
(10) BONAMI-S, region geometry shipping cask;'

(11) NITA L S, shipping cask library merge;;
(12) ISDRNPM. S, region geometry shipping cask;

C. Final Records:

(1) Dose rate detector distances from shipping cask surface.
(2) Shielding library unit number, group sizes, and fuel zone size

data.

S2.4.9 UTILITY ROUTINES

Utility routines applied by SAS2, which are not described above or<

in other SCALE sections, are briefly presented. The labeled common
/FUELID/ is also included.."

%)
] CHARIN - Reads characters for "Halta and " Restart" features from "zSAS2"

card.>

COPYNI - Copies code interface data, with minor updating, to MAS for

i BONAMI-S, NITA L S and ISDRNPM-S.

ENDNOW - Prints STOP 444 when " Halt * feature invoked, writing restart *

,

data on unit number 55.

ERROR - Calls ABEND and prints STOP 555, when an error occurs.
I

FINDID - Converts SCALE ID to ORIGEN-S ID and library type no.

/FUELID/ - This"is a common that is initialized in a BLOCK DATA routine.-
It contains the list of nuclides which SAS2 always inputs in trace
quantities (1x10-20 atoms /b-cm) when not The nuclidein b

list is: 135g. '133Cs 234g 235g 236g,put238g,y user. 38Pu, 239Pu,Np, 2237

240Pu, 241Pu, 242,u, ~241,m, 241mAm, ' Ir+ 2Am, 243Am, 242Cm, 243Cm. 244Cm,P A

and the 1/v Absorber. The 1/v Absorber is used to calculate the THERM
parameter applied in ORIGEN-S (Sects. F6.2.1 and F.6.12) .

GEPSIG - Computes 1/L in Eq. (S2.2.2) for mesh generator.g

GETLIB - Converts input library name to unit number in standard SCALE
( JCL procedure.

.

5
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IDICIT .- Computes' ID for excited state nucitdes in ORIGEN-S. |

~ NEWREC - Writes and possibly edits one pair of code interface records.
'

i

SHLIB - Reads number of energy groups and nuclide ids of a SCALE " master" |

.

library..

I
8511 - Determines scattering power of nuclide for SHRES preprocessing of-

[ resonance data.

UPDATE - Copies standard interface' formatted data until .the array iden-
. tifier, IA, and data entry number, IBGN, are found. Only reads the
record pair requested. Usually, the calling routine updates the record

;

pair with NEWEEC, BINRCI or BINRCF. When the output unit number is :

sero, it' simply reads or skips to proper record. It returns, also, '

F after reading identifier "-1", since this signals the end of a code
L interface. Thus, a complete code interface, excluding the single record

,

of~ title. for.~ ISDENPM-S, is skipped by requesting an identifier
-1 (e.g. , -9, as usually sent by SAS2) .

WI/WJ - Debug type ' edit of:- name, array size, and array. WI is for.
floating point. data and WJ is for integers.

WRFLUI - Writes " flux guess" array,~of all values equal to 1, and;

|- - " moments". array.
. ,

- WRTBY1 - Writes pair' of! interface records for all'nonsero parameters in
a data. list,. L, for array identifier, IA. . This is similar to specifying
L all data with an Al in FIDO (Sect. M10), where i denotes the ich entry.
[ This method allows the use of UPD&TE more effectively.
#.

S2.4.10 SUBROUTINE REFERENCE INDEI

.

(
d The reference indices to subroutines written for SAS2 or directly-
^ called in the new SA82 coding are given below. The functions of other - .

- subroutines, e.g., those applied by ENIGHT, are presented in Subsections ,

C4.3.4 through C4.3.7, inclusive. The conventions and applications of
Free-Form Reading Routines: are given in Sect. M3.

., h Subsections (Describ'ed or Anolied)
e-

(( ' M3.3,-S2.4.3, S2.4.5
ALOCAT. C4.3.2, 32.4.1, S2.4.2, 52.4.6 ;

AREAD .

6 BINRCF C4.3.3, C1.3,'S2.4.2, S2.4.3
BINRCE C4.3.3, C1.3,'S2.4.2, S2.4.3, S2.4.5

g CASCYC S2.4.6
JJ CELINT S2.4.5
: CRARIN S2.4.1, 52.4.9
y CLPS S2.4.7'
: COPYNI S2.4.3, S2.4.9 ].
I s

b

!; .
,

7 -f * =e-w4 . -ep *c.- <w + amo ir i d 4 o -.; ** * - P jg g- , 9

ab :<- 1
'

- , - . - - . ~ . - - . , _ . . . . . - . - - . . . .. . , . -



1

s
-

.

.

S2.5.5
Revised 12/84

.

.

Table $2.5.1 (continued) --

NAME OR q
EEYbORD DEFINITIONS, COMMDTS AND EXAhPLES -=

..-- - - . . --J
'(Enter the following set for each cycle. Entries may be in

any order, except for "DD".)
POWER =* Average specific power of assembly, megawatts. ad
SURN=* Fuel irradiation period of reactor, days. ]
DOWN=* Downtime, days, fo!!owing 80RN; except for last cycle, it is --i

cooling time of speat-fuel for shipment. _E
STRAC** Fraction of first-cycle boron density for this cycle (1).

.

H20 FRAC =* Traction of first-cycle M20 density for this cycle. Note, "0" -

-

in H20 FRAC is a letter. (1). g
D D*. Required if any entry omitted and POWER is not nest entry.

Example: F0WER*15.2 BURN =330 DOWN=35.25 DD

(Repeat the folieving LIGHTEL times, if LIGHTEL>0). ]
EL Chemical symbol of element for which gasosa source is to be ,

'lactuded and (m.)) Q-value/ fission applied.
WTLITE Effective weight / assembly, kg. See Data Note D. !

Exampler FE 6.2 CD 0.04 ER 100 i

ALIS Name of shipping-cask-case SCALE library: 27N-18 COUPLE; a
i

*225-18 COUPLE; 18CROUPGAMMA; or those listed for LIS. |

(The following entries may be in any order.) =-

TEMFCASE=* Cask temperature, used for all mixtures F. i

NUHZONE3se Number of material sones in east, i.e., ausber of radii. R.

DRTTUELae Enter TES (if dry, i.e., ne H2O) or NO to denote removal of
fuel sone water derived from the amterator sixture, PMal.

Follow uith two or more blanks. (NO). I'DETECTOR 3so Number (lateger) of dose deteetor locations. Limit of 30. If
sero, locations are 0,1, 2, and 4 meters free osak surface |
La midplane. If > 0, or not entered, ANSI standard dose
conversion factors u e used. If d 0, other factore, possibly, g

are used (see Data Note F) (0}. ) )
'*h DDe seguired only it one of the above entries is censed.

j Esemple trN-18C00pLE TSMpCASEs300 NDMEONEsa6 END

(| DETECT 0tSI number of entries. Omit, if DETECTCES=0.) h.

DTEC Surface-to-detector distance, cm. FJ
Example: 0 34.5 100 500 -

. -
-

(Repeat pair of entries NUM10NES times. See Data Note E.) =
MXZ Zone mixture ousbers applies all SC where MX=M12. j
R Radius of sone, re. 94

r Esample: 4 24.5 6 24.8 5 50.2 6 50.4 7 60.8 6 61
3

(Repeat pair of entries for each fuel sone; limit of 5.) 's

ZONE ** Zone number of fuel sone, or position of MX:*t pair. 4
FUELSNDL** Number of spoet-fuel asseeblies in sone. See Data Note E. J

Example: 10NE=1 FUEL 5NDL*1 ZONE =3 FUELSNDL*? L

3. .... .. ._ .... -

(Enter, if required, or fur changing defaults; ir any order.)
'"

FR ES $URE=* Cask water pressure, psig, for deriving densities. Fither j-
this or nest entry required (0.0). 7.

DENFMa* Eatio of coolant density to that of the same moderator la d
reactor-case. Always required is treating sodius.

_
.

(Is estries below, a=C or =S. The entry is for the cell- Eli
weight case if z*C, and for the shipping cask case if s*S.) ]

SZFCASE** Mesh siae factor Interval sise= default sise*S!FCASE (1). q
Order of angular quadrature (8). ;ISNaa

10 tad Maxima number of outer iterations (25). II
EFSa** Overall convergence criteria (0.0001). -

FTCa** Scalar flus point convergence (0.0001). _.
ITMC=* Maatsum computer (CPU) time allowed in ESDNNFM-S, aim. (10). g
ITMS Maximum CPU time s11oved in ISDENPti-S, mis. (30). _,

4
DDe End of SAS2 module data. A new SCALE case may follow. =9

* Word, words or amee (including *), which 3,gi be patt of data entry. I
.

Y
-

-

--
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F

' that in the above methods and ADEN is omitted'and then the stun of all 9
: WTP input aust equal 100%.

- An arbitrary; application of the material definition data is
| required .in SAS2 in -' order. to apply the total material description to
both the unit-cell calculation of the reactor and the shipping cask
shielding analysis. The first three mixtures (MK13) apply to the
assembly pin-ce11' depletion cases, while larger mixture numbers apply to

: 'the multiregion geometry shipping cask case. Specifically, apply MK=1
for the fuel mixture, MK=2 for the pin-clad, and MK=3 for the moderator ,

mixture. ~(Note that material between 'the fuel rods, such as spacers,
might be represented in the latter mixture by either conserving mass"

~ appropriate approximation.) Since only one( or using some other more
7 reactor assembly is described in the SAS2 case, the user must decide
|- which type to, apply,- i.e.. . an average-type or worst-case-type assembly

. also, see Data-Note B). Since all nuclides _that are generated during.(b
j' the irradiation period and have significant effects upon the problem

must be input to reactor analysis cases of SAS2, the code automatically
introduces the most important nuclides in trace amounts (10-20 ,co /
b-cm) when not already input by the user. The nuclides must be on the ,

;. master library and in the list for- /FUELID/ (Sect. S2.4.9). Other
nuclides may be input by the user by enterirg SC, e.g., M-232, and alsop :

: MK=1, VF=0, and ADEN=1-20. .
;

h)
All mixtures denoted by MK>4 pertain to. ~ shipping cask materials.

_

Three of the materials are not input as Standard Composition data in the
3 blocks of data. described here. They are: (1) the spent-fuel material, h'3

3- - which is computed and applied by the code; (2) the clad, which is
i derived from the . code for each fuel zone; and, .(3) the shipping cask

coolant (or part of the coolant, at least, as explained below), which is:
-derived from other' input data. These three materials are part of that

.
contained in a " fuel zone," which is identified in other input data (see

,

Data Note I). -

I";
.

For each fuel zone, a saiggg mixture number must be available to
k i; identify the extra material to be added to.the sone for the shielding
g . analysis. For.1 fuel sones, the extra material mixture nisabers must be
P MK=3+i, i=1, I. Nonfuel zones then have mixture numbers MK>3+I. .If no,

!; 't extra materist is desired for a- fuel zone, the user should ' supply a
;, j dummy mixture with VF=0 and ADEN=1-20.
g
j, Estra material density for a fuel sone is determined'with the same

methods as used for 9ther materials. Its zone-averaged atom density
[Q: may be entered in ADE:!, or, if an element or compound'is at full th eo-
i.- - retical density, its volisse fraction in the sone may be entered in VT. !

Otherwise, VF=(fraction of the . sone . voluse)*(fraction 'of theoretical-

F density). Usually, for the wet cask, extra water must be added by using
}~ the following rule. ' Compute the extra water volume from: (the zone
; volume) - (other extra materiali volume) '(FUELRNDL*NFIN/ASSM* PITCH *-

f FUELINGTR). Then, the volume fraction, and finally VF, may be derived.
L The code,- as implied by the rule, supplies all data of the cell- ,

s I weighted unit-cell for the number of pins in the assemblies. (Also, the cc
- height of all volumes is assimed to be .FUELENGTE.) Note that setting C.) ''

-

,
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ABSTRACT

The Heat Transfer Analysis Sequence Number One (HTAS1) control module
was developed for the United States Nuclear Regulatory Commission to
perform standardized thermal analyses on a class of nuclear fuel shipping
containers. HTAS1, a control module in the SCALE system where SCALE is an
acronym for Standardized Computer Analyses for Licensing Evaluation, uses
the HEATIN06 functional module to perform the prescribed thermal analysis.,

The nuclear fuel shipping container mat be composed of acceptable
combinations of zones consisting of a cavity, an inner shell, shielding, an
outer shell, a neutron shield, a water jacket, and impact limiters.
Thermal properties for the material in each zone may be extracted from a.

asterial property library or may be supplied by the user. The desiredi

thermal analysis of the nuclear fuel shipping container is defined by an
analytical sequence composed of one or more of the following calculations,

1 chosen in. an acceptable order: an initial steady state; a prefire steady
I state; a fire transient; a postfire transient; and a final steady state.

Each calculation in an analytical sequence specifies the type (steady state
or transient), the ambient temperature, the duration of any transient, and
the heat transfer mechanisms at the surface of the model. Selected
portions of the model may be deleted at certain points in -an analytical
sequence to simlate changes in the nuclear fuel shipping container during
an analysis. The model and analytical sequence are described to HTAS1

i using free-form, keyword-oriented data making extensive use of defaults.
j gN|3

HTA31 generates the HEATINt2 input data necessary to model each calculation
i in an analytical sequence and transfers control to the SCALE driver which
d. accesses the REATIN06 functional module to perform the desired analysis.

~

The HTAS1 control module has recently been revised since its initial
release to allow various geometry and output plots to be generated and to; .

. update default values to match those specified by 10CFR71.'
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.

where
o is' the.Stefan-Boltzmann constant or 0.173 x 10-8 Btu /(hr-ft * R") ,2

c, is the emissivity of the material on the surface of the model.

The emissivity for each material will be extracted from HTAS1's
material property library (see Table H1.2.2) unless it is provided by theo
user when a particular zone is. defined. The emissivity is de ficed
independently for each thermal analysis to be performed on the model.
During the fire, the effective radiative heat transfer coefficient used by

HTASI has the form (ref. 9)
/- )

1 (H1.2.5.)(-- + C
1)(T, + T )(T, + T )h 'r" ,1 g

-

'' s f
where.

e is the emissivity of the fire.
T is the temperature of the fire.

'In keeping with the specifications in Part 71 of Title 10, Chapter 1
Energy, United States Nuclear RegulatoryCode of Federal Regulations -

-Commission, the default values for the emissivity of the fire is 09 and
for the emissivity on the surfaces of the package during' the fire is 0.8.
Also, the default temperature of the fire is 1475'F. However, the default
value of each of these parameters may be overridden.

2The default value for the solar heat load is 122 92 Btu /(hr-ft ) (7,f, i
N 8) except the aclar heat load is not applied to the surface of the package {(ij during the fire analysis. The user may override these defaults and specify

a heat flux across the surface of the package for any thermal analysis.

.When the material in the neutron shield is deleted or replaced. HTAS1
generates a boundary condition- to model one-dimensional radiative heat
transfer between the opposing radial surfaces.of the neutron shield. The
effective heat transfer coefficient is calculated as

\
h =0 (T + T )(Tb+T ) ,.

r hg y
+ ~

4 r . c
is .os os ,

, (H1.2.6.)

where
,

is the emissMty of W kne awface Wadt is 0.O ,
c , is the emissivity of the outer. surface (default is 0.5),g
c .

* is the radius of'the inner surface,r
is

r is the radius of the outer surface,
T * is the temperature -of the node in question on the inner
is radial surface,

( T is the temperature of the opposing node on the outer radial

surface.
, ,

,e

-,;
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)Under the default conditions, HTAS1 assumes all surfaces are unfitned.
.However, this default can be overridden by defining one of HEATING 6's eight
fin effectiveness techniques on the outer radial and/or axial surfaces of
any' zone that is part of the outer surface of the model (see Fig. H1.2.6).

H1.2.5 MISCELLANEOUS CONSIDERATIONS IN MODELING A PROBLEMt

H1.2.5.1 Location of the Neutron Shield, Water Jacket, and Impact Limiter
i

:HTAk1 generates the fine grid lines for the model based on the grid

spacing information -supplied with the zone data. The axial fine grid lines
are based on the axial grid spacing information provided for the cavity,
inner shell, shielding, outer shell, and impact limiters. If one of the
axial boundaries of the neutron shield and water jacket does not lie on one
of these zone boundaries or on one of the fine grid lines generated by
HTAS1, then HTAS1.will move the axial boundary of the neutron shield and
water jacket to the nearest axial fine grid line. It will also generate a
warning message indicating this action. If one of the impact limiters
wraps. around "the package, HTAS1 Will locate its axial extent in a similar
manner. The radial fine grid lines are based on the radial grid spacing
-- information provided for the cavity, inner shell, shielding, outer shell,
neutron shield, water . jacket.and impact limiter if the impact limiter

. ater jacket. If the radius of the impactextends radially .beyond the w

limiter does not extend beyond the radius of the water jacket, it must lie
on one of the boundaries of the neutron shield or water jacket or on one of q.

~ the. fine grid lines within those zones. If this is not. the case, HTAS1 V).
[

will move the radius of the impact limiter to the nearest radial fine grid,

line and will generate a warning message indicating. this action. HTAS1
;

follows. this procedure to minimize the' occurrence of an unfavorable
distribution of nodes in the model. As an example, large differences in

I the sizei;of' coefficients in the system of equations describir.g the
' I temperature distribution can lead to numerical problems when an ettempt is

usade to solve the. system. This can happen when -large, differences exist
- . between node sizes throughout the model, especially if .they are within - the .
P' .same zone.. It 'should be noted that when the boundaries of one of the zones

is moved, the resulting model will be slightly different from the one which
was input. . For instance, Lthe volume and heat flow paths will be slightly
changed.- This error will decrease as the grid spacing decreases.

! .

; [ H1.2.5 2 Modeling-of the Neutron Shield and Water Jacket
!

b The water jacket actually wraps around the ncutron shield and extends
yf"] to the surface of the outer shell. The top and bottom of the water jacket

- tends to serve as a heat -flow path between.the water jacket and outer shell
since its thermal - conductivity will generally be. higher than that of the

,

neutron shield. HTAS1 assumes this heat: flow path is small. . and thus it is-
not modeled in order to minimize the occurrence of an unfavorable nodal;-

[: configuration. The. effects: of. this will be 'small unless the axial
thickness ; of- the water-jacket at one of the ends of the neutron shield iss

i large. The effects of radiative heat transfer on the ends of the water . },

: .

'
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of the water jacket during the fire would be the temperature of the fire ors

1475'F. Thus, _the temperature difference across the air-filled neutron
shield will range from approximately 6'F immediately following the rupture
of. the water jacket to -1225'F during the fire. Since the temperature on
the surface of the outer shell will increase during the fire transient and
since the temperature on the inner surface of the water jacket will be less
than the fire temperature, the temperature difference will- not really be
hat large. It will also vary along the axial length of the water jacket.t

During the postfire transient, the . temperature difference will increase to
zero .and ' will gradually increase to a maximum of. several hundred degrees

; "e Fahrenheit. Thus, the absolute value of the temperature difference across
' the air-filled annulus will range from 0*F to around 1000* F -

If the average air temperatur is assumed to be the average of the
temperatures of the opposing surfsees, then it will range from 275'F to
around 1000*F. To estimate the effects of natural convection through the
annulus, a number of hand calculations were performed using the correlation
of Lui, - Mueller, and Landis (ref. 10) to obtain the effective thermal
conductivity - of the air-filled zone.. The calculations were performed with
the average air f.esperature ranging from 250*F to 1000*F and the
-temperature difference across .the annulus ranging from 10*F to 1000*F. The
-effective thermal' conductivity ranged from 0.06 to 0.'15 Btu /hr-ft *F. The
thermal conductivity of air ranges from 0.01944 Btu /hr-ft *F at 263*F to

0.03483 Stu/hr-ft *F at 1073 *F (ref. - 3). Based on this analysis, the
effective thermal conductivity of the air in the annulus would range from a
minimum of. 0.01944 Btu /hr-ft *F with pure conduction to around 0.15 Btu /hr-
ft *F with natural convection. Since the effective thermal conducti.ity of+

~~. the air will be a function of both the air temperature and the' temperature
' difference across the annulus, since it will be a function of both axial
location and time, and.since a conservative value during the fire will not
necassarily be conservative following the fire and vice versa, a constant
value of' O.1 Btu /hr-ft *F was used for the effective thermal conductivity

d, of material 18 AIRCONV.
i

An analysis was performed to compare the amount of heat transferred by

~

radiation .with that~ transferred by conduction and natural convection. The
emissivities on the opposing surfaces of the annulus were assumed to be the -
default of~0 5. . One set of calculations held the temperature of the outer
'shell at -280*F while increasing the temperature of the water _ jacket from

275'F. to. 1475'F. The ratio of heat- transferred by radiation to that
transferred by conduction and natural convection with an effective thermal
conductivity of 0.1 Btu /hr-ft 'F ranged from 4 3 to - 29 The calculations
were repeated by allowing the temperature of the outer shell 'to increase.
As.the outer -shell temperature approached that of the water jacket, the
above ratios increased for each water jacket temperature. Thus, the heat.
' transferred .across the-annulus was largely controlled by radiation. As a
| final. check on:the effective thermal conductivity of' the air in the
annulus, .a parametric study was run with ifrAS1 on sample problem number 1
assuming the water jacket was ruptured following the prefire steady state.
The emissivities on the opposing surfaces of-the annulus were assumed to be

the default of_0.5 Calculations were run with the effective thermal
conductivity of the air ranging from 0 (or a void) to 0.2 Btu /hr-ft *F.

, m 7 _ g -~m ,, ,,m-- |
, .
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'

- The variations in the temperatures along the outer shell were at most a few
percent during this parametric study. Thus, 0.1 Btu /hr-ft- F is a reason-
able effective thermal conductivity to simulate the natural convective heat
flow across a 4.5 in. annulus for the shipping container similar to the one
modeled by sample problem number 1. This value should be reasonable for
shipping . packages having similar dimensions and material properties. How-
ever, the user should analyse the natural convective heat flow across an
annulus for shipping packages basically- different from sample problem
number 1' prior to using the HTAS1 default properties for air with natural

- convection or material 18, AIRCONY.

k Any support structure or interncl. fins that may be inside the neutron
shield are not modeled. For a specific design, the user may approximate
any such effects by developing an effective density and an effective ther-

) mal conductivity to simulate any channe in the density and heat flow paths

I due to such a structure inside the neutron shield.
.

Since the internal heat load is applied as a heat flux across the sur-
face of_ the inner shell, the actual fuel in the nuclear fuel transport
package is'not physically modeled, and thus its heat capacity effects are
not included in the transient calculations.

- H1.2.6 DESCRIPTION OF HTAS1 PLOTTING OPTIONS

i -Subroutines from REiPLOT6 (see Sect. F14) are included in' HTAS1 so
that the HEATING 6 input generated by HTAS1 to describe the heat transfer f}*
model at each calculational phase can be graphically verified if the userp
* selects the region plotting option. Maps of the regions, the materials,|.

# the heat generation function numbers, the initial temperature function
numbers, and the boundary condition function numbers are generated by plot-

j> ting the model regions and labeling each region appropriately. By default,
- plots of the regions, the materials, and the boundary condition function

f numbers are generated for.each calculational phase. HEATING 6 is not exe-
: outed .when region plots are generated. Therefore, a minimum of execution

. time can be used.to verify that the input supplied to HTAS1 has produced
' the desired HEATING 6 input.
y
e .

Temperature profile plots may.also be generated if the . user desires..
? -If .the temperature profile plotting option is selected, one temperature
E . distribution plot data set is written by HEATING 6 during the fire transient
p' calculations and another temperature distribution plot data set is written
j -by HEATING 6 during the postfire transient calculations. These data sets
i are written to logical unita 18 and 19, respectively.

.

Because these temperature distribution plot data sets are written by
,- . HEATING 6, :they are written using a format that can be read by HEATPLOT-S
f (see Sect. F13). Therefore, the user may save the temperature distribution -
[ ' plot data . sets and later execute HEATPLOT-3 to s'enerate plots using these
!. data sets as input. HEATPLOT-3 has - the ability to generate temperature

} contours, temperature-time' profiles, and~ temperature-distance profiles.

.
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Three default plots are generated by HTAS1. The first plot contains
temperature vs time curves for the nodes in the center of the inner shell,
the shielding, and the outer shell. If a node is not located in exactly
the center of a particular zone, the node closest to the center of that

|- zone is used. If the shielding is not modeled, the node that represents
the inner shell is located on the radial fine grid line that is the border
between the cavity and the inner shell, the node that represents the
shielding- is located on the radial fine grid line that is the border
between the inner shell and the outer shell, and the node that represents
the outer shell is located.on the radial fine grid line that denotes the
outer boundary of the outer shell. The second plot contains a curve that
shows maximum temperature at any problem time vs the radial distance from
the origin for all nodes on the axial center line. The third plot contains
a curve that shows the difference in volume-averaged temperatures between
the inner shell and the outer shell as a function of time. . The temperature
at each node in a zone is multiplied by the volume of that node. These
products are summed and the sum is divided by the volume of the entire zone
to compute the volume-averaged temperature for a zone.

If both the fire transient and postfire transient calculations are
performed by HEATING 6, the time axis on plots includes problem times from
both the fira transient and postfire transient calculational phases. If
only the fire transient calculation is performed by HEATING 6, then the time

- axis only includes problem times from the fire transient calculational
phase. In a similar manner, if only the postfire transient calculation is
performed by HEATING 6, then the time axis only includes problem times from
the postfire transiec calculational phase. If neither the fire transient~

calculation nor the postfire transient calculation are performed by HEAT-
INC6, then temperature profile plots are not generated.

The user may choose from several options that allow plots to be gen-
erated in a manner other than the default plots which include data at all
problem times for.which temperature distributions exist. The plot of max-
imum temperature at any problem time vs the radial distance from the origin
for all nodes on the axial center line may be omitted, as may the plot of
the difference in volume-averaged temperature between the inner shell and
the outer shell vs time. The temperature vs time curves for the centermost
nodes of the inner shell, the shielding, and the outer shell may be drawn
on individual plots. These same curves may be generated for temperature
change from the initial temperature distribution instead of for the actual
temperatures. Finally, a minimia and mart =2m time may be specified so that
the time axis only includes a specified time interval. Combinations of
these optior . may be specified. For example, it is possible to generate
curves of -temperature change for the inner shell, the shielding, and the
outer shell on individual plots between specified minimim and maximum prob-
les times.

Plots in HTAS1 are generated using the DISSPLA (Display Integrated
Software System and Plotting Language) graphics package (ref.12) . A
compressed plot data set is generated that can be stored on disk or routed
to various plotting devices.

__-__ ____ _ _h _ _L _". _ _ _ '_ L ^ T : D ' '' '~~ ^ ' ~ ~
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H1.3 2 DESURIPTION OF LOGICAL UNITS UTILIZED BY HTAS1
'

.. The logical units used during an execution of HTAS1 are identified in
Table H1.3 1. Data is transmitted between HTAS1 and HEATING 6 usir.g the
files created on the logical units identified by ITPIN, KTPOUT, ICONT and

.IBIN. . If HTAsi is restarted, the initial temperature distribution must be

. supplied by the user on the logical unit identified by ITPIN. If the user
directs ' HTAS1 to save, the. final temperature . distribution, it will be
. written on t e logical unit identified by ITPOUT. The user may chooseh
these files to be binary or formatted. If these options are not selected,
these units are not used. If the user references any materials in the
Lawrence Livermore National Laboratory material property library ( ref. 2) ,
- HEATING 6 -will select their values from the library on the logical- unit
-identified by.IMATLB.

Ta'ble H1 3 1 Description of Logical Units Utilized by HTAS1.

Unit Unit Type of Data Creating User
Name Number Module Module

'H'ATING6KTPIN 1 Binary Scratch File with. HTAS1 E

HEATING 6 Initial. Temperatures

'

KTPOUT~ 2 Binary Scratch File with HEATING 6 HTAS1

.; . HEATING 6 Final Temperatures
..

.

TIN 4 Formatted Scratch File with HTAS1 DRIVER
HTAS1 Input Lata

-IECHO 5 Standard HTAS1 Input Data, User HTAS1
,

Formatted
-

'IO 6 -Standard Output HTAS1_ User
(Default, Printer) . HEATING 6

IMATLB- 78 Material Property Liorary HEATING 6

(Default,- LLNL,. Formatted)

'ICONT_ 91 Binary Scratch File ~ HTAS1' HTAS1

.IBIN 95 HEATING 6 Binary Input Dat'a HTAS1 -DRIVER '

'ITPIN Input Initial Temperatures for Restart User HTAS1

of HTAS1 (Binary or Formatted as
~ Specified by the User)

<

;ITPOUT. Input- Final Temperatures for Restart HTAS1 User
of HTAS1 (Binary or Formatted
as Specified by the User)

. q

',
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H1 3 3 RESTARTING HTAS1 ]
HEATING 6 has provisions for restarting a thermal analysis when an

earlier calculation was terminated prematurely. If this option is invoked,
HEATING 6 will generate a data set containing the final temperature
distribution calculated for. steady-state problems and the temperature
distribution at the last time level that had satisfied the convergence

; _

This temperature distribution may then becriteria for transient problems.
used to restart the HEATING 6 calculations at a later date. This feature is*

used in the option for restarting a HTAS1 analytical sequence. The user
. may indicate to HTAS1 to save the HEATING 6 final temperature distribution !

~

by entering the logical unit number on which the temperature distribution:

f will be written (see Sect. H1.4.3.3) . After the final HEATING 6 calculation
' has been completed, HTAS1 will write the final HEATING 6 temperature
j distribution on an unformatted data set on the specified unit. Later, the

user may restart the analytical sequence by identifying the unit number
'

from which the unformatted temperature distribution will be read. The
HTAS1 input data deck must also be modified. Any analytical sequence data;

blocks that have been successfully completed must be removed. Any zones,

! that wet *e modified during.the previous HTAS1 run mst be modified in a
b similar manner in the input data for the restart run. Since HTAS1 does not

allow radiative heat transfer across the neutron shield for the initial
model in an analytical sequence, HTAS1 should not be restarted after the
neutron shield'has been deleted or changed to air. The nodal configuration

1 for the restart model mat be identical to the nodal configuration
i corresponding to the final temperature distribution to be used in the

}- restart run. The logical unit numbers ITPIN and ITPOUT may not be equal _to h
] -1, 2, 4, 5, and 6, nor greater than 75. In addition, the appropriate data

or - file definition parameters must be supplied to describe the unformatted
]j data sets or files on units ITPIN and ITPOUT.
1.

h ;

g. H1.3.4 DESCRIPTION OF SUBROUTINES IN HTAS1 ;

5

MAIN - Allocates buffer space for the necessary input and output'

units prior to the call to ALOCAT (see Sect. M2.2.1) . Enters''

calculational portion of control nodule HTAS1 by _ instructing
ALOCAT to call HTAS1 A. Upon completion of each set of HTAS1
calculations, MAIN sets up the return to the SCALE driver

- instructing it to either call HEATING 6 (alias Q#$010) or to
0 terminate the calculations. Called from HTAS1. Calls 'HTAS1A-

b ~ and H1PALC. Calls SCALE routine ALOCAT. I

I
E BLOCK DATA - Initializes data in- labeled common blocks ARYLN1, ARYLNG,

[ FLGTTP, TSTOUT. IOUNIT, MAPFMT, DIVIDR, and WIDTH. Labeled
y common ARYLN1 contains default dimensions for some of the

HTAS1 variably dimensioned arrays. The value of MIPRS, MIPRT,*

and MITBL can be changed by entering the desired values on4

card 2. . Labeled commons. ARTLNG, FLGTYP, TSTOUT, IOUNIT,
4 MAPFMT, DIVIDR, and WIDTH are from HEATING 6. Although some of

,

t
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. [ these variables are used in HTAS1, they are mainly used to
generate NAMELIST /0PTION/. for input to HEATING 6. Values fora

the variables in these common blocks are initialized in this
~ block data. Values for some of these- variables are later

F computed by HTAS1 based on the model being generated.
1

DOUBLE - Copies the double word stored in the second argument into two
consecutive elements of the single word array identified by
the first argument. Called from HIP,' 00T123, OUTGRD, OUTITP,*

j- OUTPRT, OUTSS, OUTTAB, OUTTT, WBC, WMAT and WR1!D.
*

).- ' ECHO Roads input data card images from unit IECHO, lists input data-

.
. card images on unit IO, puts ' END' after each data string,
and writes the resulting input data card images on unit IN.
Assumes card image with '0' in column 1 is a continuation of.

I the previous card image.. Replaces 'f' in column 1 with a ' '.
Assumes card image with ''' in column 1 is a comment card.n
Called from IEiTAS1. Calls Oak Ridge Systems routine ICOMPA."

t

FGRID Generates fine grid lines along the appropriate axis based on-

-- . gross grid . lines RG(IGTO) through RG(IGT1) and the spacings
i between the respective gross grid lines as stored in the NRG;

' array. Stores generated . fine grid-lines in the array R and

{
the total number generated in IT. Called from NODMAP.

[ fD -
Stores the character string 'END ' in the D-array iamnediatelyFILL -

# after the data string which extends through D(ID+NREC).

3
Called from : HIP, OUT123, OUTBC, OUTE7 ,. OUTGRD, OUTITP,

-j ' OU'IMAT, OUTPRT, OUTREG, O'JTSS, OUTTAB, 00TTT, WBC, WMAT, and
i HE.
I
t. '

M FINDLN Checks the axial boundaries of the. neutron shield, water-

$' -jacket, and impact limiters. Generates a warning message and
.; moves the respective axial boundary to the nearest axial fine
!' grid line if- one of these boundaries does not match a fine
( grid line generated by HTAS1 - for the cavity, inner shell,

J. -shielding, or outer shell.- Called from GENREG.

' Generates parameters for the HEATING 6 = B2 input data card. InGENBC -

y. particular, generates the coefficient for' radiative -heat
transfer to include that for surface-to-surface heat transfer{ ' across the .. neutron. shield,' when -appropriate, and theLi

coefficient and exponent for the term simulating the effects
1- of' natural convective heat transfer. . Generates the terms for

each zone and for each calculational phase of the analytical
~~ sequence.' Called from BETAS 1.

( ' GENDAT- Scans the, input data of each zone for obvious errors. In-

1 particular,' determines if required zones are present, if zones
f appear in proper combinations, if dimensions of each zone

y. g satisfy all constraints, if grid spacing information is

v

.

-
.

, .
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defined for each zone, if fin types are properly defined, and T

if the removal of a zone during calculations is properly
defined. When an error is encountered, writes error nessage,
continues to scan remaining input data, if possible, and sets
flag to terminate calculations when error scanning is

completed. Called from READER.

'
GENDEL - Determines the gross grid lines bounding the model luring each

calculational phase of the analytical sequence when the impact
limiters or neutron shield and water jacket are deleted

.

| following a calculational phase. Called from ETAS1.;
'

.

; GENREG Examines each zone and determines the radial and axial gross-

grid lines and the number of divisions separating consecutive,
~

gross grid lines. This data will be used later to generate
the HEATING 6 IGRID and ZGRID data blocks. For cases where the

,

radius of the impact limiters is not the outer radius of the
,'

model, also matches the radius of the impact limiters with
I radial fine grid lines generated by HTAS1 for the outer shell,

neutron shield, or water jacket. If a match is not found,
issues a warning message and moves the radius of the impact-

limiter to the nearest radial fine grid line. Checks model
structure and, if any inconsistencies are located, issues a
warning message and attempts to continue. Determines the

,

maximum number of axial and radial gross grid lines, the
maximum number of axial and radial fine grid lines, the Q,

| maximum number of points, and the mari mm bandwidth for d

( steady-state models using the direct solution technique.
Called from E TAS1. Calls FINDLN.i

:

!' B6TAS1 Controls flow of the calculations in the HTAS1 control module.-

N Initializes certain parameters for the calculations, calcu-

! lates starting indices for the variably dimensioned arrays,
calculates the starting point for the storage of the HEATING 6

j input data in the D-array, calculates the storage requirements*

for these arrays, notifies the user '' " -" * cf core>

requested can be reduced, or writes an error message and ter-
! minates the calculations if not enough core was requested. If

errors are detected in the input data or if the calculations'

i - cannot be continued, arranges for HTAS1 control module to tell
the SCALE driver to terminate the calculations. On the ini--

' tial entrance into HTAS1 control module, writes the generated
HEATING 6 input data on binary file on unit IBIN. CT subse-

; quent entrances, reads HEATING 6 input data for the previous
calculation in the analytical sequence, arranges for HIP to

[
modify it for the next calculation, and writes the nodified

! HEATING 6 input data on unit IBIN. Called from HTAS1 A. Calls

ECHO, GENBC, GENDEL, GENREG, HIP, INITI'., INPUT, MAL.IB. NOD-
MAP, 00TDAT, READER, REUPLT, RGPINP, TABDAT and WTITLE. Calls [ .

SCALE routines IONUMS, RCRDLN and SCANON (see Sect. H2.2.61).'

Calls Oak Ridge systems routines MODEL and JSTIME.
. , ,

^J,
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WREG - Stores region data for region number NREG for the HEATING 6
e input data in the D-array. Counts the number of regions for

| HEAVING 6. Called from OUTREG. Calls DOUBLE and FILL.

WTITLE - Generates the descriptive heading for the HTAS1 output. Head-
ing contains the coda name and version date, the date and time
the job was executed, the computer on which the job was exe-
outed and the- jobname under which the job was executed.
Includes the title for the job and the author of the code.

j Date of. the current version of the code appears in the data
initialization statement for V(2). Called from IfiTAS1. Calls,

Oak Ridge systems routines IDAY, ITIME, JOBNUM and MODEL.

BCDRAW - Draws the boundary condition symbols when the plot of the
model boundary condition function numbers is generated.
Called from REGPLT.

H1PALC - Determines the dimension of the master array that contains all
,'

vaaiably dimensioned arrays in the HTAS1 temperature plotting
_" subroutines. Called from MAIN. Calls H1 PINT.t

H1 PINT - Calculates starting locations for the variably dimensioned
arrays. Writes messages describing which temperature plots
will be generated. Called from H1PALC. Calls H1 PLOT. Calls
Oak' Ridge systems routine MODEL.

,.

L

fh- H1 PLOT - Generates curves of temperature vs time for the contermosti

i: nodes of the inner shell, the shielding, and the outer shell
if the curves are drawn on the same plot. Generates the curve
of maximum temperature at any problem time vs the radial dis-
tance from the origin for all nodes on the axial center line.
Called from H1 PINT. Calls MINMAI, NODNUM. ROUND, SEPRAT,

-SETUP, and YOLAVG. Calls Oak Ridge systems routine ICOMPA.

MINMAX - Determines the _ mini == and maximum values .of the array
,

[ received in the argument list. Called from HIPLOT, SEPRAT,
;, and YOLAVG.
i
I NODNUM - Determines the node number of the node that is nearest the
I center of either the itser shell, the shielding, or the outer

shell. Called from H1 PLOT.j .-

REGPLT - Generates plots of the regions, materials, heat generation
fitnotion numbers.- initial temperature function numbers; and

i boundary conditions of the model. CallM from ikiTAS1. Calls-

~. BCDRAW. Calls Oak Ridge systems routine ICOMPA.

ff -RGPINP - Stores data in common blocks that are used. to generate
i1 REGPLOT6-type ~ plots for the current phase of the calculation.~ -

Called from IESTAS1.

- 5 - ROUND - Determines rounded axis numbers based on the minima and maxi-e ,;..

W aua values to be plotted in a certain direction. Called from
~

from H1 PLOT. SEPRAT, and YOLAVG.,

n

"

I
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,,
''

SEPRAT - Generates plots of temperature vs time for the centermost nodes
of the inner shell, the shielding, and the outer shell if the
curves are drawn on individual plots. Called from H1 PLOT.
Calla MINMAI, ROUND, and SETUP.

~

53 TUP - Draws the axes and writes the -heading for each plot. Called
from H1 PLOT. SEPRAT, and YOLAVG.

VOLAVG. - Generates _the plot of a curve showing the difference in volume-
I averaged temperature ' between the inner shell and the outer

shell vs time. Called from H1 PLOT. Calls MINMAI, ROUND, and
SETUP.-

,

H1.3.5 DESCRIPTION OF OAK RIDGE SYSTEMS ROUTINES USED BY HTAS1i

i

'

This section contains a description of the Oak Ridge systems routines
used by the HTAS1 control module. This information was extractede

r from ref. I'1 with some minor revisions.

; Function ICOMPA-
,

This function is used in the following manner:

i;.
I = ICOMPA ( ARG1, ARG2, N) .

j The result of the function, stored in the integer *4 variable I, is -1, g,
F

; 0, or .1. The function compares ARG1 and ARG2, and the number of bytes to
: be compared is specified by the integer 4 value N where N may be 1 throughe

-

c 256. If, for example, N is l', then the first byte of ARG1.is compared with

: :the first byte of ARG2. If N is.4, then the first four bytes of ARG1 are

,

compared with the first four bytes of ARG2.

This function is particularly -useful in comparing alphanumeric
characters and avoids any overflow or underflow interrupts which might

f occur ir the arithmetic subtraction of .two variables containing

. [ ~ alph utumoric - ' data. Also, this function allows 'only the characters of
'

= 0 interest to be compared thus eliminating the need for blank filling of
; alphanumeric data in some instances.

Comparison starts at the locations specified by ARG1 'and ARG2 and
. [ proceeds- from. left to right, bit by bit. The result returned by the

function'will be 0 if the-specified number of bytes of ARG1-are the same as
. j,' those of ARG2; a 1 will be returned if, going from left to right, a bit in

g A201. _is 1 and the corresponding bit in ARG2 'is 0; a -1 will be returned if, .

going from . left to right, a bit in ARG1 is 0 and the corresponding bit in4

2| .-
' ARG2 is 1.

. .

: J If N is less than or' equal to 0, the value returned by the function is
.

~0. 'If: N is greater than 256, the result will be meaningless. The function
ICOMPA is also available under the name ICOMPARE, thus I = ICOMPARE (ARG1,

s. ARG2, . N) .-

)-
. .

.
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[ Subroutine IDAY

This subroutine is called in the following manner:

CALL IDAY (WHEN)

The subroutine returns the date as eight EBCDIC characters consisting
of the month, day, and year separated by minus signs, for example, 05-20-
66. The eight-byte date will be placed in the location designated by 'the
argument. The argument may be one word of type real'8 or a dimensioned
variable of at least two words of type real*4 or integer *4. The date may
then be printed using an A8 format (with a real'8 argument) or a 2A4 format
(with two real*4 or integer *4 words).

Subroutine JOBNUM

The purpose of this routine is to return the jobname of the user's
job. The jobname is the identificaf, ion code on the user's JOB card which
can consist of from three to eight characters.

The routine is used as follows:

CALL JOBNUM (Q)

where Q is a reale8 variable name. Eight characters are placed in Q with
, blank fill on the right if the name is less than eight characters.

Function JSTIME

This function returns the remaining job step time (CPU tice) before
cancellation (completion code 322) in hundredths of seconds. JSTIME may be
called in two ways:

i

CALL JSTIME (I) or-

J:JSTIME (I)
'

where J and I are full-word binary integers containing the renaming job
step time.'

Function MODEL
i

This integer *4 function is used in the following manner:
,

M = MODEL (0),

i

i The fttaction returns the integer value 155,195, or 3033 as the result
depending on which computer the program is running. The argument of the.

,

function is not used, so 0 is suggested for use.

.

%mF
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3
Subroutine TIME

This subroutine is called in the following manner:

CALL TIME (TIMNOW)

The subroutino returns the time of day as eight EBCDIC characters
consisting of the hour, minutes, and seconds separated by periods, for
example, 13.15.45. The eight-byte time will be placed in the location
designated by the argument. The argument may be one word of type real'8 or
a dimensioned variable of at least two words of type rea184 or integer *4.
The date may then be printed using an 18 format (with real'8 argument) or a
2A4 format (with two rea184 or integer *4 words).

;
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. ' Seven different data blocks, denoted as zone data blocks, may be used,

to describe the zones to be modeled by HTAS1. (See Table H1.2.1.) A

MATERIAL data block, an EMISSIVITY card, a LATENT HEAT card, and/or a
DELETE card may appear .in a zone data block to override default values
assigned to the zone. The zone data blocks may appear in any order
following the parameter card. Every data deck must have a CAVITY, an INNER
SHELL, and an OUTER SHELL data block. Also, - NEUTRON SHIELD and WATER
JACKET data blocks must appear in pairs. Five different data blocks may be
used to describe the different calculations that may be performed on a

' model. (See Table H1.4.2.) These are denoted as Analytical Sequence data
_

blocks, and they any appear in any order in. any acceptable combination
following the zone data blocks. A PRINTOUT TIMES data block any be entered'

to define the times at which the transient temperature distribution is toy
be printed by HEATING 6. A MELTING RATIOS data card may be entered to
generate a map depicting the nodal melting ration at each printout time for

i transient calculations involving ohante of phase. A PLOT data card may be,

[ entered to generate temperature profile plots. A REDP data block may be
! entered to generate region plots. Each keyword associated with a data i

block must consist of at least the first four characters of the respective
character string. Each keyword must be terminated by two or more blanks.

.

i! Table H1.4.2. Keywords for Analytical Sequences
a o for HTAS1 Model,

j. 0;)
j INITIAL' - initial steady state

PREFIRE- - steady state immediately before fire

U FIRE - fire transient

%

[ POSTFIRE - transient immediately following fire

1
f FINAL - final steady state-

i
i

it
<

IE

1-
2 The final data card in a data deck for a case is an end-of-data (EOD)
|} : card and must contain a percent (5) in column 1 and a blank in column 2.

i This card signifies the end of data for a problem. -As HTAS1. reads the
3| -input. data, it -sets a flag when an error is encountered and continues to

read additional. data unless the error was fatal. When the end-of-data
j- indicator (5) is encountered. HTAS1- terminates reading and commences

processing the L input data. After processing is completed, the code
S' performs the specified -calculations unless an error was encountered, in
I,

,
which case it terminates the. calculations.

'
.j
Is

;

;

,

7 " " QWF ,'#f' f. .*[.4'4 N *"*v * * , # ' f W- *e- ps we -' #
, .g



'

.

Hl.k.4
.

H1.4.2 CARD 1 - TITLE OF PROBLEM

This card, which can contain alphanumeric characters in the first 56
columns, contains a descriptive title for the problem and must be the first

card in the data deck for each case. The card itself cannot be omitted
although it may be left blank. This title serves to identify the output
for a case executed on HTAS1 since it appears with a number of tables and

. - messages generated by the code. It is also used as part of the title for
each thermal analysis. performed by HEATING 6. The appropriate entry fromi

y the following list is added to columns 57-72 of the HTAS1 title to generate
l' - the title for each thermal analysis being performed by HEATING 6.
!

- INITIAL SS
- PREFIRE SS''

'

- FIRE TR
;- - POSTFIRE TR
b - FINAL SS

H1.4 3 CARD 2 - PROBLEM CONTROL PARAMETERS

. H1.4 31 Initial Temperature Input option (I)
*

The first entry, JTPIN, on this card specifies whether explicitly

.? specified, lattice-point initial temperatures will be read by HEATING 6 from
an existing data set or file. fIf JTPIN is nonzero. HEATING 6 will read the
initial temperatures in unformatted form from logical unit number /JTPIN/. ;{ )

.

] ~ If there are no initial temperatures explicitly specified for HEATING 6,
j this entry must be zero. The user.aust ensure that the appropriate data or

file definition parameters have been supplied to describe the data set or'

,

. file. See Sect. -F10 3 7.5 for more . details on using this option with-

i HEATING 6.
y

[ This entry must be nonzero for HTAS1 runs that begin with 'either the
? fire + transient or the postfire transient. If it is zero for one of these

cases,' HTASI will generate an error message. It must also be nonzero for-i -

yt' HTAS1 runs that restart a HEATING 6 calculation.- This entry is usually zero
'

or blank for HTAS1 calculations that begin by performing the STEADY STATE,
(- PREFIRE, or- FINAL ~ steady-state calculations.
i
;
j H1.4 3 2 Final Temperature Output Option (I) '

$ In addition to the normal HEATING 6 output, the user may wish to have
'

[ the final temperature distribution saved in some manner to facilitate the
. restarting of the problem. As an example. one may wish 'to perform a- n-

f: PREFIRE steady-state and FIRE transient analysis and save the temperature
; distribution.at the end of the fire.' Later. one can perform the POSTFIRE

.

;' transient analysis by restarting from the saved' temperature distribution.
!
I If this option is desired..a nonzero integer must be entered as the
1 : second entry ' JTPOUT, on this card. If JTPOUT is nonzero, then HEATING 6 -

g

will write the final temperature distribution in unformatted form on a data .)
L
T

,

: 44-~ x -..--y %e. .. s

|
*

- n
-



. . -- . - - . _. .- . -- _ - . -. _ -_ - . .

'

.

.

Hl.4.15*

'

Revised 12/84

H1.4.9 ANALYTICAL SEQUENCE DATA BLOCKS

- HTAS1 is designed to prepare HEATING 6 input data to perform five
_

- different thermal analyses on a model of a radioactive material transport I
package. Each thermal analysis is identified by a keyword:

INITIAL - to obtain the stetdy-state normal operating thermal
y conditions for the transport package for operating

conditions as specified in Part 71 of Title 10,
1 Chapter 1, Code of Federal Regulations - Energy,

United States Nuclear Regulatory Commission,j

) 'PREFIRE - to obtain the steady-state thermal conditions for
the transport package prior to the fire transient

! (the only difference in INITIAL and PRWIRE is that
; - due to the specified accident conditions of 10CFRT173,
E the PREFIRE has a zero solar heat load as default), i

FIRE - to obtain the 'trangient thermal conditions during a
.specified accident in which tho' transport package is

( subjected'to a fire at a stated temperature for a
stated period of time,

,

.POSTFIRE - to obtain the transient thermal conditions of the
j transport package for a specified period of time

following exposure to the fire, and 1

1 FINAL - to obtain the steady-state operating thermal conditions

!. following the accident and exposure to the fire.
R

j. .

By using acceptable combinations of the above thermal analyses, 15
''

different analytical sequences may be performed:

7
.

j]'
1) all five thersal analyses may be performed in a sequence or

INITIAL, PREFIRE, FIRE, POSTFIRE, and FINAL,
t.

f.' ii) the INITIAL, PRWIRE, FIRE, and POSTFIRE thermal analyses may be
j performed in a sequence,

i ~ iii) .tho' INITIAL, PR RIRE, and FIRE thermal analyses may be
performed in a sequence,- --

: -iv) the INITIAL and PR WIRE thermal analyses may be performed in

( a sequence,

y) the PREFIRE,- FIRE, POSTFIRE, and FINAL thermal analyses may be
| ,-performed in a sequence,

3 vi) - the. PREFIRE, FIRE, and POSTFIRE thermal analyses may be performed <

] in a sequence,

u
,.,

e

'*.

t

i .

"
..
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vii) the PREFIRE and FIRE thermal analyses may be performed in a
sequence,*

viii) the FIRE, POSTFIRE, and FINAL thermal analyses may be performed
in a sequence e

ix) the FIRE and POSTFIRE thermal analyses may be performed in a'

sequence,
t

x) the POSTFIRE and FINAL thermal analyses may be performed in
; a sequence,

! xi) the INITIAL thermal analysis may be performed separately,

I xii) the PREFIRE thermal analysis may be performed separately,

i xiii) the FIRE thermal analysis may be performed separately,
,

xiv) the POSTFIRE thermal analysis may be performed separately, and,

.
xv) the FINAL thermal analysis may be performed separately.

.

The initial temperature distribution for any analytical sequence that.

begins with a FIRE thermal analysis must be taken from the final
temperature distribution of a PREFIRE thermal analysis that was executed

| previously. Likewise, the initial temperature distribution for any .

analytical sequence that begins with a POSTFIRE thermal analysis must be E
;

! taken from the final temperature distribution of a FIRE thermal analysis

i that was executed previously.

HTAS1 will define the appropriate calculations to HEATING 6 based on'

the combination of keywords it encounters in the input data. If an
.,

1j unacceptable sequence of keywords is encountered, HTAS1 will write an error
3

message and terminate calculations. Basically, all five Analytical

; Sequence Data Blocks are similar. Each is identified by tne appropriate
i keyword followed by at least two blanks. Data unique to each analytical
} sequence may be entered after the two or more blanks following the keyword.
! If the input value of any data item on the INITIAL, PREFIRE, FIRE,

POSTFIRE, or FINAL data cards is negative, then the value of the
/ appropriate variable is set to zero and that option is not used for the
!- model. If the input value of any data item is zero or ' blank, then the

value of the appropriate variable is set to the default value. Otherwise,
,

i the input value of any data item is used for the value of the appropriate
j variable for the model. ._If a data card contains only one of t1e Analytical

or FINAL,i Sequence Data Block keywords INITIAL, PREFIRE, FIRE, POSTFIRE,
I the value of each variable associated with the keyword is set to the

default value. -If none of the Analytical Sequence Data Blocks are present
in the input data, then HTAS1 will generate a model for HEATING 6 to perform^

} the complete analytical sequence, INITIAL, PREFIRE, FIRE, POSTFIRE, and
i - FINAL, using all of the default values. Any data card containing one of
I' the Analytical Sequence Data Block keywords may be continued by beginning
j the continuation card with an "@" in column 1. ~}
}
k

*

.
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+ -In order to override the default numerical technique for a particular
- thermal analysis, an additional data card or cards may be entered following

.
the Analytical Sequence Data Block keyword card. For the INITIAL, PREFIRE,'

and FINAL : thermal analyses, the additional card is the SS input data card
for HEATING 6 (Sect. F10.5.21) which contains the parameter values defining
the numerical. technique to be used to solve for the steady-state

,

temperature distribution. For the FIRE and POSTFIRE thermal analysis a
group of data cards must be entered. - The first such data card must contain'

or explicitthe keyword IMPLICIT or EXPLICIT to select either an implicit
numerical technique. The IMPLICIT data card must be followed by two
additional data: cards or the IP and TP input data cards for HEATING 6 (Sect.
F10.5 22) which contain the parameter values defining the numerical-

technique to be used to solve.for the transient temperature distribution.
HEATING 6. will not. allow a transient implicit technique- for models allowings

-
'

materials with change of phase (i.e., when a LATENT HEAT card is present in
the HTAS1 input data). The ~ EXPLICIT data card must be followed by a data

[
; card containing the initial time step size and Levy's time step factor.
}-

. The variables which may be defined in each of the Analytical Sequence Data
.

Blocks.are described below.

H1.4 9 1 INITIAL Steady-State Thermal Analysis'

a) INITIAL Data Card

j- Each entry on 'the INITIAL data card is discussed below:

DBDTP - ambient temperature of the transport package, default 1000F, |
q

I- DCONCR - coefficient for the ters simulating the effects of natural
convective heat transfer from the smooth radial surfaces of
the. transport package (assumed to be long, horizontal

,

cylinders) toL still air at a tegperature of DBDTP (first data*

[
entry), default 0.18 Btu /(hr-ft *F),

l DCONER - exponent for th'e term simulating the effects of natural:
C convective heat transfer from the - smooth radial surfaces of
f the transport package (assumed to be long, horizontal

cylinders) to still air at a temperature of DBDTP (first data->

entry), default 1/3,

DCONCA - coefficient for the term simulating the effects of natural
^

convective heat transferufrom the smooth axial surfaces of the;
; transport package ~~(assumed to be vertical plates) to still

airatatemper5ture f DBDTP (first ' data entry), defaultr.

I 0.19 Btu /(hr-ft *F),
n
4 DCONEA - exponent for' the tera-simulating the effects of natural

convective heat transfer from the smooth axial surfaces of the'

.

transport package (assumed to be vertical plates) to still2

air at a temperature of. DBDTP-(first data entry), default
1/3, and

;m
'.

b
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- solar heat load to be applied to all externy) surfaces of the IDFLUX
transport package, default 122 92 Btu /(hr-ft .

b) Default Numerical Technique

As the default HTAS1 will generate input data for HEATING 6 to perform,

the INITIAL thermal analysis using the direct solution technique. For>

linear problems this technique requires only one pass through the numerical
'

algorithm to obtain the steady-state temperature distribution. Nonlinear
1 problems must be solved iteratively using the direct solution technique,

residualconvergencecriterionof1.0X10gmumof20iterationsandaheat
and the HTAS1 default values allow a max'

J
#

c) Overriding the Default Numerical Technique

If the user wishes to override the default values or if he wishes to
specify that HEATING 6 use the SOR technique to obtain the steady-state
temperature distribution, a HEATING 6 SS data card (Sect. F10.5.21) may bea

' added to the HTAS1 input data immediately following the data card
containing the keyword INITIAL. HTAS1 will use the values on the SS data
card for the steady-state technique parameters instead of the default*

values.
'

.

The parameters that are defined on the HEATING 6 SS data card are

. . summarized below:
|~ T]. -Maximum Number of Steady-State Iterations Allowed (I)

'

.

4 HEATING 6 uses the SOR technique to solve the system of equations

I- arising from a steady-state problem if this entry is 0 or a positive

i integer. If this entry is a negative integer, HEATING 6 will use the direct
solution technique to solve the system of equations arising from a one- orj

3
two-dimensional steady-state problem. In either case, this entry defines

} the maximum number of iterations allowed before the steady-state

j calculations are terminated. Normally 200 to 500 iterations are sufficient

; to converge to the solution using the SOR technique. For linear problems,
j the direct solution technique requires only one iteration to obtain the
i solution. Experience has indicated that 20 iterations are usually
j sufficient to obtain a converged solution for nonlinear steady-state
.i problems using the direct solution technique. Thus, it is recommended to
; use -20 for this entry to indicate the direct solution technique. - If this

; entry is zero, the code will use the SOR technique with a default of 500
j - iterations. If the maximum number of steady-state iterations is reached,

] and the convergence criterion is not satisfied, the HEATING 6 program will
2- write "END STEADY-STATE CALCULATIONS, CONVERGENCE NOT SATISFIED" on the
3 printer and will terminate the calculations and attempt to read the next

i problem. In the event that the convergence criterion is not satisfied, one

|
may wish to save the final temperature distribution in order to restart the
problem as discussed in Sect. f10.5 5.4. a,

,

$

,

f

1

5
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~ Steady-State Convergence Criterion (R)

For the SOR technique, this entry contains the value of c in Eq.
(F10.2.14) which defines the steady-state convergence criterion. For the
direct solution technique, this entry contains the convergence criterion as
discussed in Sect. F10.2.2.2. The steady-state calculation will continue
until the convergence criterion is met. Since the criterion which ensures
convergence varies from case to case, the user must rely on his own
judgment and experience in determining the correct value for hig particular
problem. If this entry is zero, the code uses a default of 10-

Steady-State Overrelaxation Factor (R)

The value of (see Eq. (F10.2.13)] is the third entry on this card and
its value must be in the range 1 < B < 2. If a zero is entered for steady-

state problems using the SOR solution technique, the code assumes that the'

initial value of Sis 1 9 This entry is not used for the direct solution

technique.

Updating Temperature-Dependent Properties (I)

The fourth entry on this card specifies the number of iterations which
are allowed before the temperature-dependent thermal properties are
reevaluated for steady-state problems using the SOR solution technique.

> Once the convergence criterion has been satisfied, the code continues to
iterate. However, the temperature-dependent thermal properties are nowj

I:s) reevaluated after every iteration until the convergence criterion is
1 ,,

; satisfied a second time. Some nonlinear problems will converge in fewer
iterations if the thermal properties are not evaluated at each iteration,*

and certainly, the computing time per iteration will be leds. It is
recommended that this parameter be on the order of 10 or 20. If it is'

zero, then the default value is unity for nonlinear problems. This entry'

is not used for the direct solution technique.

H1.4.9 2 PREFIRE Steady-State Thermal Analysis'

a) PREFIRE Data Card
,

.

Each entry on the PREFIRE data card is discussed below:
.

DBDTP - ambient temperature of~the transport package, default 100*F,
i

DCONCR - coefficient for the term simulating the effects of natural'

j convective heat' transfer from the smooth radial surfaces of
j the transport package (assumed to be long, horizontal

cylinders) to still air at a tegperature of DBDTP (first datai
entry), default 0.18 Btu /(hr-ft *F),

,

DCONER - exponent for the term simulating the effects of natural
convective heat transfer from the smooth radial surfaces of

,

the transport package (assumed to be long, horizontal

~,

% + - " - *" pe a=ure e e p =w y % eA w %,pp g .r + % .
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cylinders) to still air at a temperature of DBDTP (first data.

entry), default 1/3,

DCONCA - coefficient for the term simulating the effects of natural'

convective heat transfer from the smooth axial surfaces of
the transport package (assumed to be' vertical plates) to>,.

tempgrature of DBDTP (first data entry),l still air at a
1 default 0.19 Btu /(hr-ft *F),
.

j' DCONEA - exponent for the term simulating the effects ~ of natural
J_ convective heat . transfer from the smooth axial surfaces of
I the transport package (assumed to be vertical plates) .to
!- still air at a temperature of DBDTP (first data entry),
O : default 1/3, and
'.

.solarheatloadtobeappliedtoallexgernalsurfacesoftheb DFLUI
' , . transport package, default 0 Btu /(hr-ft ). l

- 'b) Default' Numerical Technique

i As'the default, HTAS1 will generate input data for HEATING 6 to perform
the PREFIRE steady-state thermal analysis using the direct 1 solution .*

technique. . As with the . INITIAL thermal analysis, the HTAS1 default values
3

of 1.0 X 10~gnum of 20 iterations and a heat residual convergence criterionallow a maxr
1'
I . .

r,C: .

L c) Overriding the Default Numerical Technique V-
1-

'If the. user wishes to override the default values or if he wishes to
7

specify ;that HEATING 6 use the SOR technique to obtain the PREFIRE steady-
state temperature distribution, then a HEATING 6 SS data card may . be addedj: .

to the HTAS1 input data immediately following the data card containing the-
[.
[; keyword PREFIRE. HTAS1 will use the values on the SS data' card for the

steady-state technique parameters instead of the default values. See the*

section on the INITIAL thermal analysis for a description of the SS data
card (Sect. H1.4.9.1b) .

$ H1.4 9 3 FIRE Transient Thermal Analysis
i:

[ a) FIRE Data Card ,

[ Each entry on the FIRE data card is discussed below:
. I

. DTIMEF - duration of the - fire transient, default 30 min.'
A.

- DEMISF - emissivity coefficient of the fire, default 0 9.

'DBDTP - temperature of the fire, default 1475'F,
i DCOWCR.- coefficient for the term simulating the effects of natural

;onvective heat transfer from the smooth radial surfaces of
-

I the transport package (assumed to be long, horizontal ;

r
i
$

'

4

t
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DCONER - exponent for the term simulating the effects of natural-

convective heat transfer from the smooth radial surfaces of the
transport package (assumed to be long, horizontal cylinders) 4

to still air at a temperature of DEDTP (second data entry),
default 1/3,

DCONCA - coefficient for the term simulating the effects of natural

convective heat transfer from the smooth axial surfaces of
the transport package (assumed to be vertical plates) to still

air at a tempergture of DBDTP (second data entry), defsult
0.19 Btu /(hr-ft 'F), ,

DCONEA - exponent for the term simulating the effects of natural
convective heat transfer from the smooth axial surfaces of the
transport package (assumed to be vertical plates) to still
air at a temperature of DBDTP (second data entry), default

DFLUI - solar heat load to be applied to all exgernal surfaces of the
transport package, default 0 Btu /(hr-ft ) . I

b) Default Numerical Technique

Normally, HTAS1 will gener-ate input data for HEATING 6 to perform the
POSTFIRE thermal analysis using the implicit transient technique. As with
.the FIRE thermal analysis, HTAS1 default conditions will use an initial

'
'; time step size of zero which causes HEATING 6 to choose an initial time ' step

size equal to the stability criterion as calculated for the explicit
procedure. Other HTASI default values give a maximum time step size of 5+

minutes and allow HEATING 6 to adjust the time step size to keep the maximuu
percent of relative temperature change allowed at a node from one time
level to the next one to 25. HTAS1 allows HEATING 6 to use its own default,

] values for the remaining implicit transient technique parameters.
+

s

[ c) Overriding the Default Numerical Technique .

j
i If the user wishes to override the default option and choose the

numerical technique to solve for the POSTFIRE transient temperature.

distribution, he may do so by supplying a group of data cards immediately
,

following the data card containing the keyword POSTFIRE. The first card in
the group must contain one of the keywords IMPLICIT or EXPLICIT to choose

, either an implicit or explicit numerical technique. HEATING 6 IP and TP
4 cards must immediately follow the data card containing the keyword

IMPLICIT. Only one HEATING 6 TP data card may be supplied. HTAS1 will use
i the values on the IP and TP cards for the implicit transient technique

h parameters instead of the default values.
;
; See the FIRE thermal analysis section (Sect. H1.4 9 3) for a summary
- of the HEATING 6 IP and TP data cards.

If the data card immediately following the POSTFIRE analytical
i sequence. keyword contains the keyword EXPLICIT, an additional data card as

g.,,

i
:

.n - n -,np . - , , , --- r~ ~ ~
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T
'

described in Sect. H1.4 9 3 must be supplied to define the EXPLICIT-

transient technique.

H1.4.9 5 FINAL Steady-State Thermal Analysis

a) FINAL Data Card

Each entry on the FINAL data card is discussed below:

DBDTP ambient temperature of the transport package, default 100*F,-

DCONCR - coefficient for the term simulating the effects of natural
convective heat transfer from the smooth radial surfaces of
the transport package (assumed to be long, horizontal

cylinders)tostillairatategperatureofDBDTP(firstdata
entry), default 0.18 Btu /(hr-ft *F).

DCONER - exponent for the term simulating the effects of natural
convective heat transfer from the smooth radial surfaces of
the transport package (assumed to be long, horizontal

cylinders) to still air at a temperature of DBDTP (first data
entry), default 1/3,

DCONCA - coefficient for the term simulating the effects of natural

convective heat transfer from the smooth axial surfaces of
#{}the transport package (assumed to be vertical plates) to

temp $rature f DB TP (first data entry),
~

still air at a
! default 0.19 Btu /(hr-f t *F),

!
* DCONEA - exponent for the ~ term simulating the effects of natural

convective heat transfer from the smooth axial surfaces of
the transport package (assumed to be vertical plates) to

! still air at a temperature of DBDTP (first data entry),
default 1/3, and

solar heat load to be applied to all exgernal surfaces of theDFLUI -

transport package, default 0 Btu /(hr-ft ) . I

b) Default Numerical Technique
-

. .

As the default,'HTAS1 will generate input data for HEATING 6 to perform
the FINAL steady-state thermal analysis using the direct solution
technique. As with the INITIAL thermal analysis, the HTAS1 default . values

a maxgmum of 20 iterations and a heat residual convergence criterion; allow
of 1.0 X 10

c) Overriding the Default Numerical Technique

If the user wishes to override the default values or if he wishes to
specify that HEATING 6 use the Sch technique to obtain the FINAL steady-
state temperature distribution, a HEATING 6 SS data card may be added to the
HTAS1 input data immediately following the data card containing the keyword .)

. . , . .. . . - .

.. . ... . . . .-
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H1.4.11- FINNED SURFACE OPTION

~ One of HEATING 6's eight fin effectiveness techniques may be applied
along the outer surfaces of the model of the shipping container. If fins
are-defined on the outer radial surface of the outer shell and if the water
jacket. and neutron _ shield and/or one or both impact limiters are retoved
- during the analytical sequence, the resulting uncovered surfaces of the
- outer shell are assumed to be smooth. However, the fins on the original
uncovered portion of the outer shell surface are assumed to remain intact.

-

This option _is invoked along an outer surface or surfaces by entering a
FINS data block in the data block for the zone or zones containing the
particular surface or surfaces. The FINS data block may.be entered in any
order with other dat.a blocks or cards defining the particular zone. A FINS
data block may not be entered in the CAVITY, INNER SHELL, or SHIELDING data
blocks. The format of the FINS data block for each zone follows:

,

t

~ KEYWORD - FINS;

;

Radial fin flag. This entry, a nonnegative integer, containsIFINR -

the HEATING 6 fin type as defined in Fig. H1.2.6 that is to
be applied along the outer radial surface of the zone. If this
entry is zero or blank, then the fin effectiveness option is not.

invoked for the outer radial surfaces of the zone.

IFINZ' Axial fin flag. "D11s entry, a nonnegative integer, contains-

{ the HEATING 6 fin type as defined in Fig. H1.2.6 that is to be
. 5 f' applied along the outer axial surface of _the zone. If this
' E- >)f entry is zero or blank, then the fin effectiveness option is

_

not: invoked for the outer axial surfaces of the zone. .|

HEATING 6 BS (Sect. F10 5 10.6) cards must follow the FINS data card to,

idefine _the fin parameters for the radial and axial _ outer surfaces,
a

;! respectively. -The B5 card for the radial outer surface must precede the B5
card for the axial outer surface. If IFINR is zero or blank, the

_ s-c
; corresponding B5 card.is omitted. Likewise, if IFINZ is zero or blank, the

.

}" correspon' ding ' B5 card is omitted. The HEATING 6 fin 'descriptor card. . B5,

{
containing six floating point numbers .is described below:

k 'a. FINLEN - height' of the fin from the base surface in inches..

.b. DELBAS'- half-width of fin at base in inches (for. rectangular spine,
.

' DELBAS is the half-width in the _ first direction). -
.

|- c. DELTIP - half-width of fin at tip in inches (for rectangular spine.

-.; . ' DELTIP. is the half-width perpendicular to DELBAS).[
'

(d. 31: fin spacing in inches (centerline to' centerline).--

o ~

. e. 32
~

spine spacing in inches (centerline to centerline)-

. perpendicular to S1. Enter zero if not spine.

.!'
:
- ); ,

vs

.

.
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3
fin heat capacity mitiplier (default 1.0 if HCFAC input asf. HCFAC -

0.0 or blank). If HCFAC < 0.0, then the fin heat capacity
.will.not be added to the node's heat capacity [HCFAC will be
0.0 in Eq.(F10.2.62)].

.
.

-For spines, the actual direction of DELBAS, DELTIP or S1, S2 is not
important, but DELBAS mat be perpendicular to DELTIP and 31 mat be per-
pendicular to 32.

H1.4.12 PLOTTING DATA BLOCKS

Either region plots or temperature profile plots may be generated for
the model that is defined by the HEATING 6 input generated by HTAS1, If
region plots are desired, - the region plots data block must be the final
data block listed in~ the HTAS1 input. If temperature profile plots are
desired, the temperature profile plots data card may appear anywhere in the
input after the title card and the problem control parameters card and
.before the end of data card. If both the temperature profile plots data
card and the region plot data block are included in the input, only the
region plots are generated because HEATING 6 is not executed when region
plots are generated.. Therefore, no temperature distribution plot data sets

~

exist from which temperature profile plots can be generated. The tempera-
ture . profile plots data card mat precede the region plots data block in
this case. -

H1.4.12.1 Temperature Profile Plots Data Card h
{ .EETWORD - PLOT

MAIZYR ' - 0, generates a plot containing a curve that shows maximum
temperature at any problem time vs the radial distance fromi

the origin for all nodes on the axial center line-(default).

j. .1, above plot is not generated.
i

IVA. .- 0, generates a plot containing a curve that shows the difference;
. -in volume-averaged temperatures between the inner shell and

the outer shell vs time (default).*

1, above plot.is not generated.

ISEP - 0, th'e. temperature vs time curves for the centermost nodes of'
the inner shell, the shielding,- and the outer ~ shall are
generated on the same plot (default).

1, each of the above curves is generated on an indin iual plot.

IDELT - 0, temperature' vs time curves are generated for the actual
.

temperatures;(default).
1, temperature vs time ' curves are generated for temperature

change from the initial temperature distribution.

- TI)StIN - - The problem-time below which temperature distributions are not
considered in the . temperature vs time plots and the volume- ..;

averaged temperature plot. If TI)StIN is zero, the initial temp- O
erature . distribution written by HEATING 6 is the first one used

.

,
. u - .y . m. - ,m - -
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when generating these plots. The entry must be a. non-negative'
'

floating-point number. The default is zero.

TI)MAI - The problem time above which temperature distributions are not
considered in the temperature vs time plots and the volume-
averaged temperature plot. If TI)MAI is zero, the final temper-
ature distribution written by HEATING 6 is the last one used when
generating these plots. The _ entry unst be a non-negative
floating-point number. The default is zero.

If the only entry on this card is the keyword PLOT, then the three default
temperature profile plots described in Sect. H1.2.6 are generated.

H1.4.12.2 Region Plots Data Block

. The first card in the reainn nlots data block containa oniv the
kevuorti HEGP. .If no other cards are included in this data block, then by

,

default. plots of the regions, the materials, and the boundary condition
function numbers are generated for each thermal analysis specified in the

,

analytical sequence data blocks (Sect. H1.4.9).

Up to five plot description cards, one for each type of plot, may fol-
low the keyword card if plots other than the default region plots are
' desired. ~ The first entry on a plot description is an integer. All other
entries are floating-point numbers. The entries are described below.

O ~

0./ ITYPE - The number corresponding to the type of plot generated.

}
'

=1 Plots are generated with region numbers inside the
'

region boundaries for each calculational phase.

L =2 Plots are generated with material names inside the
region boundaries for each calculational phase.

=3 Plots are generated with heat generation function numbers'

)
inside the region boundaries for each calculational phase.

'

} =4 Plots are generated with initial temperature function
. numbers inside the region boundaries for each

. . calculational phase.

: =5 Plots are generated with boundary condition function
p numbers inside the region boundaries for each.

calculational phase.-

. .
-

ISCALE - The scaling factor in units per inoh' for the horizontal axis of
,

of region plots for every calculational phase. If ISCALE is zero,
:( the scaling factor is computed by the program for each calcula-

tional phase. The default is zero.

; YSCALE - The' scaling factor in units per inch for the vertical axis of
: region plots for every -calculational phase. If YSCALE is zero,

s the scaling factor is computed by the program for each calcula-
i tional phase. .The default is zero.

C,

%- '
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_ IREG1 - The miniintim r value of the area for which region plots are
generated for every calculational phase. If IREG1 is zero, the

- minimum r value of the model at each calculational phase is used.

The default is zero.s ,.

(')
-- 1 IREG2 - The maximum r value of the area for which region plots are

generated for every calculational phase. If IREG2 is zero, the'-

maximum r' value of the model at each calculational phase is used.

The default is zero.
[
m k ,i

i j YREG1 - The minima z value 'of the area for which region plots are
4generated for every calculational phase. If YREG1 is zero, the

'_ minimua z value of the model at each calculational phase is used.d *

# The default is zero.
,

z value of We' area for which region plots are4

- YRE2 - The mari nnun ,

- generated for every calculational phase. If TREC2 is zero, the'

_

maximum z value of the model at each calculational phase is used," '

s

The default |Ls zero.'
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H1.5 SAMPLE PROBLEMS FOR HTAS1

This section contains two sample problems to demonstrate the use of
some of the options available in HTAS1. The first sample problem makes
extensive use of HTAS1 defaults to indicate the ease of performing a
detailed thermal analysis of a shipping container using HTASt. The second
sample problem invokes a number of options available in HTAS1 to include

' the use of~ alternate methods of defining material thermal parameters.

The first sample problem is described , below. The diameter of the
cavity is 13 5 in. (radius, 6 75 in.) and its total height is 178 in. (half
height, 89 in.). The total heat load within the cavity is 11 5 Kw (39247

,

Btu /hr). The radial thickness of the inner shell is 0 31 in., and its
axial thickness at both top and bottom is 0.25 in. The shielding has a*

radial thickness of 6.63 in., and its axial extent is equal to that of the-

.' inner shell. The outer shell has a radial thickness of 1.25 in. The axial
thickness of the top and bottom of the outer shell is 7 5 and 7 75 in.,
respectively. The diameter and total thickness of each impact limiter is
78. in. (radius 39 in.) and 38.5 in., respectively. The shipping container+

extends into each impact limiter a distance of 11 in. Thus, the axial
thickness of each impact limiter is 27 5 in. and each impact limiter has a#

wraparound of 11 in. The radial thickness of the neutron shield and water
j jacket is 4.5 and 0.16 in., respectively. The neutron shield and water
j

,
. jacket extend axially to each impact limiter so their axial distance above

I it', and below the horizontal midplane is 85.5 and 86 in., respectively. The
N'# inner shell, outer shell, and water jacket are composed of 304 stainless

j steel. The sdielding is lead, and the impact limiters are balsa wood. The
neutron shield is water, and it is desired to model the natural convective
heat transfer effects across the neutron shield with an effective thermal
conductivity. Thus, one can use the HTAS1 default material associated with

j. each zone. The emissivity associated with the outer surfaces of the water

j jacket and impact limiters is 0 5.

1
*

1 The shipping container is in a horizontal porition and, for purposes

; of defining the steady-state conditions for the accident scenario of
; 10CFR71, the solar heat load is assumed to be zero. The loaded shipping

container is allowed to reach steady-state operating conditions with an

J ambient temperature of 1000F. The shipping container is cooled by natural
convection and radiation to the surrounding environment. It is then

3 subjected to a fire at a temperature of 14750F for 30 minutes. The
- emissivity of the fire is 0.9, and the-absorptivity of the surfaces of the

shipping container during the fire is 0.8. After the fire, the ' shipping'

F container is allowed to cool by natural convection and radiation to the

j surrounding environment at an ambient temperature of 100 F. The emissivity

on the surfaces of the shipping container remains at 0.8 following the
,

; fire.

It is desired to obtain the prefire steady-state operating temperatureq distribution, the transient temperature distribution during the fire, the"

transient temperature distribution for three hours following the fire, andr
. / the final steady state temperature distribution after the fire. The

default numerical technique will be used to perform each set of

.

. El.5.1
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Hl.5 2 Remed 12/84

calculations. The input data necessary for HTAS1 to perform this 3
analytical sequence and generate the default temperature profile plots for
the first sample problem is shown in Table H1.5.1. The radial and axial
grid divisions indicated for each zone are necessary to yield accurate
solutions. Their values were determined by performing a series of
analytical sequences using grid divisions that were both more coarse and
more fine than the ones indicated in Table H1.5.1. This sample problem
required 5 minutes 5 seconds of CPU time on the IBM 3033, 644K bytes of
core, 2940 units of IO, and 13,800 lines of output.

,

The standard output from the initial entry to HTAS1 is presented in
Table H1 5.2. The temperature distributions at the prefire steady state,
at the end of the 30-minute fire transient, at the end of the three-hour
cool down period, and at the final steady-state are presented in Tables

'

H1.5 3, H1.5.4, H1.5.5, and H1.5 6, respectively. The ETAS1 output that
describes the temperature profile plots generated for the first sample'

problem is presented in Table H1 5.7. The plots are presented in Fig.
H1.5.1. A microfiche copy of the entire standard output from the
analytical sequence for the first sample problem is included in Appendix
H1.B.

The second sample problem is designed to demonstrate the use of some
of the more useful options in HTAS1. It is the same as the first sample
problem with the following changes. The inner shell is composed of carbon
steel (1.5%) with thermal properties as presented in Table H1.5.8. The|
outer shell is composed of stainless steel 347 Its material properties

'are for material number 3135 from the LLNL material property library
,

) (ref. 2). The water jacket is composed of carbon steel (15) with thermal

,
properties from material number 14 in the HTAS1 material property library.
The water in the neutron shield will be lost after the prefire steady
state. The water will be replaced by a void so that heat will be
transferred across the resulting gap by radiation only. The emissivity for

each radial surface (outer surface of the outer'shell and inner surface of
the water jacket) of the resulting gap is 0.6 (the default emissivity on

,

i each surface is 0 5). The bottom impact limiter will be deleted following

? the fire transient. The emissivity on the outer surface of the outer shell
not including the portion covered by the water jacket is 0.9 during the
postfire transient and final steady state. This represents the portion of
the outer surface previously covered by the bottom impact limiter. The
default emissivity for the outer shell during this part of the calculations

is 0.8. The ambient temperature during the prefire steady state, the
postfire transient and the final steady state is 130 * F instead of the
default of- 100 eF. It is de M eed to compute the transient for the first

.i four hours of tha cool down period following the fire. The transient

! temperature distribution .is needed every 5 minutes during the 30-minute
I fire, every 10 minutes for the first hour of the cool down period following

the fire, and every 20 minutes for the remaining cool down period. After
running several cases by varying the restrictions on the time step size, it

.

was determined that an accurate solution could be obtained by adjusting the
time step size while keeping the maxisua relative change in temperature
over a time. step to 55. The time step size should not exceed 5 minutes.
The transient temperature distributions were made using the Crank-Nicolson

,
implicit procedure subject to the above restrictions on the time step size. .

.

-,--+=ea
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, 4m 7 - mr+e -



y
-

- _

.,.

Hl.5.3 Revised 12/84

' Table H1.5.1. Input Data for First Sample Problem for HTAS1. i

,

,
,

HTAS1 SAMPLE PROBLEM 1

CAVITY -6.75 5-89 5 39247
INNER SHELL 0.31 1 0.25 1
SHIELDING 6.63 5
OUTER SHELL 1.25 2 7.25 4 7.75 4
NEUTRON SHIELD'. 4.5 4-85.5 86
WATER JACKET 0.16 1
IMPACT LIMITER 39 5 27.5 5 0 0 11
PREFIRE
FIRE

.POSTFIRE
-? FINAL-
;- PLOT

I, .. %^

-

5

-

s .

A' N .!!
' ' ? - Table Hl.5.2. Standard output from Initial Entry into HTAS1.

i . emee.eeeeee.........eee********e.e**ee........
.

;-
:* CONTROL MODULE ItTAS1 IIAS SEEN ACCESSED. *
.ee....... e**ee......ee.......................g

E_

r
L.

h '. PRINT INPtTf CARD IMAGES W/ CARD COLUMNS INDICATED EVERY LOTH CA:tD- ..
-
.t CARD- ~

:

No./ COL. 1...... 10....... 20....... 30....... 40....... 50....... 60....... 70....... 80
[N '.-

- 1 HTASI SAMPLE PROBLEM 1 -

^ - '2
'

;

?; 1- CAVITT . 6.75 5 89 5 39247-
+ - 4. ' INNER SHELL~ 0.31 1 0.25 1
' '5- SHIELDING 6.63 5 .

6 OtfrER SHELL 1 25 2 7.25 4 7.75 4
~I NEUTRON SHIELD 4.5 4 85.5 86-

8 WATER JACKET 0.16 1
i ^9 IMPACT LIMITER 39 5 27.5 5 0 0 11

10 PRETIRE-
NO./ COL. 1...... 19....... 20....... 30....... 40....... 50....... 60....... 70....... 80

4-
'

11 FIRE
.12 : POSTFIRE
13 FINAL *

14 .. PLOT,

%,-' 15 ,I

|

'Q,

%- %.y , , , .~# w. eg., #. - + ,

. , - . . . . -- -,. , ,,--
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Table Hl.5.2. (cont'd)

GODE : HTASL DATE: Lu-05-84 COMPUTER: IBM 3031/1033
VERSION: 02/12/83 TIME: 08.20.32 J08NAME : CLIPLHLP

HTA31: HEAT TRANSFER ANALYSIS SEQUENCE NUM8ER 1 FOR THE SCALI. SYSTEM.

HTASL IS A CONTROL MODULE FOR GENERATING INPUT UATA FOR HEATING 6 FOR
TWO-DIMENSIONAL RZ MODELS ANALY7.ING A CLASS OF SHIPPING CONTAINERS.

,

HTASL WAS WRITTEN BT
W.D. TURNER
COMPUTER SCIENCES
801LDING K-1007, MAIL iiTOP NUMBER 53
UNION CARSIDE CORPORATIuN, NUCLEAR DIVISION
POST OFFICE 80X P
OAK RIDGE, TENNESSEE 17830

;

; PHONE - 615-574-8677
FTS 624-8677

'

TABULATION OF INPUT DATA
,

JOB DESCRIPTION -- itTASL SAMPLE PR08LEM 1
t

CAVITY PARAMETERS

RADIUS 6.75000000+00
: RADIAL DIVISIONS 5

TOP !!EIGHT 8.9000000D+ut
1 AXIAL DIVISIONS FOR TOP 5 i,,

! 80TTOM HEIGHT 8.9000000D+01 '-

| AXIAL DIVISIONS FOR BOTTOM 5

i HEAT LOAD 3.9247000D+04

! INNER StlELL PARAMETERS

|'
!

3.1000000D-01RADIAL THICKNESS
RADIAL DIVISIONS 1j
AXIAL THICKNESS AT TOP 2.5000000D-01

g

; AXIAL DIVISIONS 1

AXIAL THICKNESS AT BOTTOM 2.5000000D-01
AXIAL DIVISIONS 1*

MATERIAL NUMBER L3

MATERIAL NAME SST3041

NUMBER TEMPERATURE CONDUCTIVITY
4

1 3.2000000D+01 8.1000000DFJO
2 2.1200000D+02 8.7000000D+00

- 3 3.9200000D+02 8.7000000D+00
1 4 5.7200000D+02 9.4000000D WJ

! 5 7.5200000D+02 1 0000000D+01
6 1.1120000D+03 . 1.1000000D+01;
7 1.4720000D+01 1.3000000D+01;

|
'

NUMBER TEMPERATURE DENSITY
4.91000 COD +02

'
NUMBER IEMPERATURE SPECIFIC HEAT

1 3.2000000D+01 1.2000000D-01
2 7.52000000+02 1.3500000DsJ1

i

s'

-. .. . . -- - .
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Hl.5.5

Table Hl.5.2. (cont'd)

SHIELDING PARAMETERS

RADIAL THICKNESS 6.63000000+00
RADIAL DIVISIONS 5

AXIAL THICKNESS AT TOP 0.0

AXIAL DIVISIONS 0

AXIAL THICKNESS AT BOTTOM 0.0

AXIAL DIVISIONS 0

MATERIAL NUMBER 11

MATERIAL NAME LEAD

NUMBER TEMPERATURE CONDUCTIVITY

.. 1 3.2000000D+0L 2.0300000D+0L
I' 2 2.1200000D+02 1.93000000+ol

3 3.92000000+02 1.8200000D+0L *
+

* 4 5.7200000D+02 1.720000uD+01
5 6.3000000D+02 1.2100000D+01

; 6 7.170000uD+02 9.7000000D+00
7 8.0000000D+02 9.0000000D+00
8 9.80000000+02 8.7000000D+00
9 1.2760000D+03 8.6600000D+00

NUMBER TEMPERATURE 08NSITY
7.1000000D+02

NUMBER TEMPERATURE SPECIFIC HEAT
1 1.2000000D+01 3.0500000D-02
2 2.1200000D+02 3.1500000D-02'

.
3 6.2150000D602 3 3800000D-02

|
/,) 4 6.21700000+02 3.4000000D-02
U 5 1.8320u00D+03 3.2800000D-02

,

i
OUTER SRELL PARAMETERS

RADIAL THICKNESS 1.2500000D+00

I RADIAL DIVISIONS 2

AXIAL THICKNESS AT TOP 1.2500000D+00
j 4AXIAL DIVISIONS

AXIAL THICKNESS AT BOTTOM 7.7500000D+00.,

+ 4AXIAL DIVISIONS
EMISSIVITY

,

INITIAL STEADY STATE 5.0000000D-01

PREFIRE STEADY STATE 5.0000000D-01
FIRE TRANSIENT 8.00000000-01
POSTFIRE TRANSIENT d.000u000D-01,

FINAL STEADY STATE d.0000000D-01.

13.

! MATERIAL NUMBER
' MATERIAL NAME SST304

o

NUMBER TEMPERATURE CONDUCTIVITT

{ L 3.2000000D+0L 8.1000000D+00
2 2.1200000D+02 8.7000000D+00

;
3 3.9200000D+02 8.7000000D+00

J-
4 5.7200000D+02 9.40000000+00|
5 7.52000000+02 1.0000000D+01
6 1.1120000D+u3 1.1000000D+01
7 1.4720000D+03 1 30000000+01

NUMBER TEMPERATURE DENSITY
4.9100000D+02

s NUMBER TEMPERATURE SPECIFIC KEAT
1 3.2000000D+01 1.2000000D-01
2 7.52000000+02 1.35000000-01

. , , _ _ . . , , . . . . _, _. . -
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H1.5.6

RM WH ]Table E1.5.2. (cont'd)
<

TEUTRON SHIELD PARAMETERS

RADIAL THICKNESS 4.5000000D+00
4RADIAL DIVISIONS

8.55u00000+01TOP HEIGHT
SOTTOM HEIGHT 8.6000000D+01

- EMISSIVITY
, INITIAL STEADY STATE 5.0000000D-01

FREFIRE STEADY STATE 5.0000000D-01
FIRE TRANSIENT 8.00000000-01

,

POSTFIRE TRANSIENT 8.0000000D-01~,

FINAL STEAUT STATE 8.00000000-01
17MATERLtL NUMBER

H20CONVMATERIAL NAME
.

NUMBER TEMPERATURE ^ CONDUCTIVITY

1- 1.5000000D+02- 1.4750000D+01
2 2.00000000+02 1.73300000+01
3 2.50000000+02 1.91500000+01
4 3 0000000D+02 2.08300000+01

'

5 4.0000000D+02 2.3350000D+01~

NUMBER TEMPERAWRE . DENSITY
6.0000000D+01

NUMBER TEMPCdATURE SPECIFIC HEAT '

I
~

1 3.2000000D+01 1.00720000+00

i 2 6.8000000D+01 9.98610000-01
3' .1.04000000+02 ' 9.9780000D-01 $g'

[
*#

s
4 f1.40000000+02- 9.9921000D-01
5 1.7600000D+02- 1.00210000+00
6 2.1200000D+02 1.0068000D+00
7 2.4800000D+02 1.0149000D+00
8 2.840C000D+02 1.0228000D+00
9 3.20000000+02 1.0369000D+00

10 3.56000000+02 1.0546, MOD +00

) 11 3.92000000+02 1.07580000+00

[ .- 12 4.28000000+02 -L.1009000D+00
'

h 13 ~4.6400000D+02 1.1357000D+00

4. 14 5.00000000+02- 1.1818000D+00
-

15 5.3710000D+02 ~ 1.24370000+00
16- 5.7200000D+02 1.36780000+00

,

%

.

1 .

!
r
}|

*
3

1
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.
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Hl.5.7

' Table Hl.5.2. (cont'd)

WATER JACKET PARAMETERS

RADIAL THICKNESS 1.6000000D-01
RADIAL DIVISIONS 1

TOP HEIGHT 8.55000000+01
BOTTOM HEIGHT 8.6000000D+01
EMISSIVITY

INITIAL STEADY STATE 5.0000000D-01'

) PREFIRE STEADY STATE 5.00000000-01
FIRE TRANSIENT 8.0000000D-01
POSTFIRE TRANSIENT 8.0000000D-01
FINAL STEADY STATE 8.0000000D-01

MATERIAL NUMBER 13
*

MATERIAL NAME SST304
*

NUMBER TEMPERATURE CONDUCTIVITT$

1 3.2000000D+01 5.1000000D+00
2 2.12000000+02 8.7000000D+00

,
3 3.9200000D+02 8.70000000+00
4 5.72000000+02 9.40000000+v0
5 7.5200000D+02 1.0000000D+0L'

6 1.11200uGD+03 1 10000u0D+01
7 1.472VuuuD+03 1. 30uouuuD+01

NUMBER TEMPERATURE DENSITY
4.9100000D+02

i
1 NUMBER TEMPERATURE SPECIFIC HEAT
I

. 1 3.20000000+01 1.2000000D-01
I 'i - 2 7.5200000D+02 1.3500000D-01
.

IMPACT LIMITER

RADIUS 3.9000000D+01
<

RADIAL DIMENSIONS FROM 1.9600000D+01 5'

f ARIAL THICKNESS OF TOP IMPACT LIMITER 2.7500000D+01
ARIAL DIVISIONS 5

g:
{

AXIAL THICKNESS OF TOP IMPACT LIMITER
ALONC OUTER SURFACE OF CONTAINER 1.1000000D+01j

ARIAL THICKNESS OF BOTTOM IMPACT LIMITER 2.7 500000D+01; 5AXIAL DIVISIONS'

A11AL THICKNESS OF BOTTOM IMPACT LIMITER
ALONG OUTER SURFACE OF CONTAINER 1.10000000+01

.
EMISSIVITY

. ' ' INITIAL STEADY STATE 5.0000000D-01
PREFIRE STEADY STATE 5.0000000D-01'

FIRE TRANSIENT 8.0000000D-01
4

' POSTFIRE TRANSIENT 8.0000VuGD-01
FINAL STEADY STATE 8.00000000-01

-

MATERIAL NUMBER 19

MATERIAL NAME BALSA;
i
j NUMBER TEMPERATURE CONDUCTIVITY

4.8400000D-02
4

NUMBER TEMPERATURE DENSITY.

# 2.0000000D+01

NUMBER TEMPERATURE SPECIFIC HEAT
5.5000000D-01

. <

z
-
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Table Hl.5 2. (cont'd)
,

i,

CODE : HTASL DATE: 10-05-84 COMPUTER: 18M3033/3033
~ VERSION: 02/L2/83 TIME: 08.?O.32 J08NAME : CLIPlHIP
'

JOB DESCRIPTION - 11TASL SAMPLE PR06LEM 1

ene**eeeeeeeeeeeeeeeeeeee***eeeee***eeeeeeeeeeeee***eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen
HEATING 6 INPUT DATA WILL 88 GENERATED FOR THE PREFIRE STEADY STATE THERMAL ANALYSIS.

- eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee****eeeeeeeee**meeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

i
$ THE STEADY STATE TEMPERATURE DISTRIBUTION FOR THE SHIPPING CONTAINER MODEL

WILL 8E OBTAINED SUBJECT TO THE FOLLOWING SOUNDARY CONDITIO;4Sa.

- AMBIENT TEMPERATURE - 1.0000000D+02

it . ' CONVECTION AT. RADIAL BOUNDARY
CONVECTIVE COEFFICIENT 1.80000000-01

", CONVECTIVE EXPONENT 3.3333333D-01
CONVECTION AT AXIAL BOUNDARY

I CONVECTIVE COEFFICIENT 1.9000000D-01
CONVECTIVE EXPONENT 3.3333333D-01

RADIATION TO SURROUNDING MEDIUM AT AM81ENT'

TEMPERATURE WITH EMISSIVITY COEFFICIENTS
AS SPECIFIED ALONG EACH $URFACE

SOLAR HEAT FLUX 0.0

THE STEADY STATE TEMPERATURE DISTRIBUTION WILL SE
SOLVED USING THE DIRECT SOLUTION TECHNIQUE.,

I MAXIMUM NUMBER OF ITERATIONS WILL BE 20

j; CONVERGENCE CRITERION WILL SE L.0000000D-05 4;.
c

t

;-

o

r
-

N

*
s

.

e

'?

k

;

;
L
3

*

1

.

E

1

.-

4

'S*g 4 *amt 99 *-pm w.-w +.g .. 4 , _ , ,
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Table Hl.5.2. (cont'd)

~ CODE : HTASL DATE: 10-05-84 COMPUTER: IBMJU33/3033

VERSION: 02/12/83 ' TIME: 08.20.32 J08NAME : CLIPLHIP

JOB DESCRIMION - HTASL SAMPLE PROBLEM L

neeeeeeeeeee*****eeeeeeeeeeeeeeeeeeeeeeeeenemeneeeeeeeeeeeeeeeeeeeeeeeeeemene.
HEATING 6 INPUT DATA WILL SE GENERATED FOR THE FIRE TRAN31ENT THERMAL ANALYSIS.
**ee e ee eeeee eeeee e ee eeeeeee ee ee e ee eee e***ee e e ee ee ee e e ee e e ee ee eee e eee eeeeeeeeen

- THE TRANSIENT TEMPERATURE DISTRIBUTION FOR THE SHIPPING CONTAINER MODEL WILL SE-
OBTAINED DURING EXPOSURE To A FIRE SU8 JECT TO THE FOLLOWING SOUNDARY CONDITIONS:

DURATION OF FIRE 3.00000000+01
FIRE TEMPERATURE L .47 50000D+03

CONVECTION AT RADIAL 80UNDARY
CONVECTIVE COEFFICIENT 0.0,

CONVECTIVE EXPONENT 0.0'

CONVECTION AT AXIAL BOUNDARY
CONVECTIVE COEFFICIENT 0.0

CONVECTIVE EXPONENT 0.0
.

RADIATION FROM FIRE
FIRE EMISSIVITY COEFFICIENT 0.9000

I^ SURFACE A8 SORPTION COEFFICIENTS ARE
AS SPECIFIED FOR THE MATERIALS

- ALONG EACH SURFACE.f. 0.0
. SOLAR HEAT FLUX

THE IMPLICIT PROCEDURE WILL BE USED TO CALCULATE THE TRANSIENT TEMPERATURE DISTRIBUTION.? .~

<? j MAXIMUM NORMALI7.ED HEAT RESIDUAL CONVERGENCE CRITERION = 0.0'
-

I (CORRESPONDS TO EPSILON SUB 1. DEFAULT =1.0D-5)

f.
U

NUMBER-OF-ITERATIONS BETWEEN TESTS FOR CONVERGENCE, LINEAR LOOP (DEFAULT = 1) = 0

AVERAGE LI NORM OF RELATIVE TEMPERATURE 01FFERENCE CONVERGENCE CRITERIONi

,
FOR TEMPERATURE OEPENDENT PROPERTIES = 0.0

! (CORRESPONDS TO EPSILON SUS 3. DEFAULT =L.0D-5)

}?
THETA (0 5 FOR CRANK-NICOLSON,1.0 FOR CLASSICAL IMPLICIT) = 0.0
(DEFAULT = 0.5)

.
THE SOR ACCELERATION PARAMETER (8 ETA) WILL BE OPTIMIZED EMPIRICALLY.

}- BETA = 0.0
h- A BETA UPDATE WILL SE ATTEMPTED EVERY 0 TIME STEPS (DEFAULT =1).

T-~
NUMBER-OF-ITERATIONS TOLERANCE FOR SETA UPDATE CALCULATIONS, OUTER LOOP (DEFAULT =$) = 0

NUMBER-OF-ITERATIONS TOLERANCE FOR SETA UPDATE CALCULATIONS INNER LOOP (DEFAULT =2) =
0

THE FOLLOWING TIME STEP PARAMETERS WILL BE USED TO COMPUTE THE FIRE TRANSIENT.
TIME STEP 0.0
THE MAXIMUM TIME STEP ALLOWED IS 5.0000000D+00' "
NEW TIME STEP PARAMETERS WILL SE READ IN AT TI!f. = 3.00000000+01
IF THE MA11 MUM TEMPERATURE CHANGE AT A NODE EXCEEDS 2.00000000+00 PER CENT OVER A
TIME STEP, THEN THE TIME STEP SIZE WILL SE DECREASED ACCORDINGLY.

'

3

p- -

1
i-

.

4

'.p.
i

.

t
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)Table n.5.2. (Cont'd)

)
CODE : HTASL DATE: 10-05-84 COMPUTER: 18M3033/3033
VERSION: 02/12/83 TIME: 08.20.32 J08NAME . Ct.IPLHLP

i

JOB DESCRIPTION - HTASL SAMPLE PROBLEM L

*eee***eeeeeeeeeeeeeeeeeee****emeeeeeeeeeewee***eee****eeeeeeeeeeeeeeeee**eeeeeeen
EATING 6 INPUT DATA WILL SE GENERATED FOR THE POSTFIRE TRANSIENT THEPMAL ANALYSIS.
eeeeeeeeeeeeeee**eeeeeeeeeeeme**eeeeeee***eseeeeeeeeeeeeeeee***eeeeeeeeeeeeeeemene

THE TRANSIENT TEMPERATURE DISTRIBUTION FOR THE SHIPPING CONTAINER MODEL WILL BE'

OBTAINED FOLLOWING EXPOSURE TO A FIRE SUBJECT TO THE FOLLOWING SOUNDARY CONDITIONS:
.

DURATION OF POST-FIRE TRANSIENT 1.8000000D+02
AMBIENT TEMPERATURE 1.0000000D+02
CONVE2 ION AT RADIAL 80UNDARY

CONVECTIVE COEFFICIENT 1.80000000-01
CONVECTIVE EXPONENT 3.3333333D-01

*
CONVECTION AT AXIAL BOUNDARY

CONVECTIVE COEFFICIENT 1.9000000D-01
CONVECTIVE EXPONENT 3.33333330-01

RADIATION TO SURROUNDING MEDIUM AT AMBIENT
TEMPERATURE WITH EMISSIVITY COEFFICIENTS
AS SPECIFIED ALONG EACH SURFACE

SOLAR HEAT FLUX 0.0

TE IMPLICIT PROCEDURE WILL BE USED TO CALCULATE THE TRANSIENT TEMPERATURE DISTRIBUTION.
MAXIMUM NOILMALIZED HEAT RESIDUAL CONVERGENCE CRITERION = 0.0
(CORRESPONDS TO EPSILON SUB 1. DEFAULT =L.00-5) ,. f,

NUMBER-OF-ITERATIONS BETWEEN TESTS FOR CONVERGENCE, LINEAR LOOP (DEFAULT = 1) = 0 e
I AVERAGE L1 NORM OF RELATIVE TEMPERATURE DIFFERENCE CONVERGENCE CRITERION

'

| FOR TEMPERATURE DEPENDENT PROPERTIES = 0.0
(CORRESPONDS TO EPSILON SUS 3. DEFAULT *L.uD-5)'

THETA (0.5 FOR CRANK-NICOLSON,L.0- FOR CLASSICAL IMPLI'''T) = 0.0
(DEFAULT = 0.5)
THE SOR ACCELERATION PARAMETER (8 ETA) WILL SE OPTIMIZED EMPIRICALLY.
BETA = 0.0
A BETA UPDATE WILL BE ATIEMPTED EVERY 0 TIME STEPS (DEFAULT =1).

9 NUMBER-OF-ITERATIONS TOLERANCE FOR 8 ETA UPDATE CALCULATIONS, OUTER LOOP (DEFAULT =5) = -0

NUMBER-OF-ITERATIONS TOLERANCE FOR 8 ETA UPDATE CALCULATIONS, INNER LOOP (DEFAULT =2) = 0

THE FOLLOWING TIME STEP PARAMETERS WILL BE USED TO COMPUTE THE POST-FIRE TRANSIENT.
'

TIME STEP 0.0
THE MAXIMUM TIME STEP ALLOVED IS 5.0000000D+C0
NEW TIME STEP PARAMETERS WILL 8E READ IN AT TIME = 2.1000000D+02
IF THE MAXIMUM TEMPERATURE CHANGE AT A NODE EXCEEDS 2.0000000D+00 PER CENT OVER A
TIME STEP THEN THE TIME STEP SIZE WILL BE DECREASED ACCORDINGLT.

i

!
.

D
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Table Hl.5.2. (cont'd)'

1

CODE : HTASL DATE: 10-05-84 COMPUTER: 18M3033/3033

VERSION: 02/12/83 TIME: 08.20.32 J08NAME : CLIPLHIP

J06 DESCRIPTION - IITAS1 SAMPLE PROBLEM 1

**eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee***eeeeeeeeeeee**eeeeee**eeeeeeeeeeeeeeeeeeeeeeee
HEATING 6 INPUT DATA WILL SE GENERATED FOR THE FINAL STEADY STATE THERMAL ANALYSIS.
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee********

THE STEADY STATE TEMPERATURE DISTRIBUTION FOR THE SHIPPING COff1AINER MDDEL
WILL SE OSTAINED SUBJECT TO THE FOLLOWING BOUNDARY CONDITIONS:

AM81ENT TEMPERATURE- 1.0000000D+02'

*

CONVECTION AT RADIAL BOUNDARY
CONVECTIVE COEFFICIENT 1.8000000D-01
CONVECTIVE EXPONEftt 3.3333333D-01

CONVECTION AT AXIAL 80UNDARY
CONVECT.IVE COEFFICIENT L 90000000-01
CONVECTIVE EXPONENT 3.3333333D-01

RADIATION TO SURROUNDING MEDIUM AT AMBIENT
TEMPERATURE WITH EMISSIVITY COEFFICIENTS
AS SPECIFIED ALONG EACH SURFACE

SOLAR HEAT FLUX 0.0

THE STEADY STATE TEMPERATURE DISTRIBUTION WILL SE
SOLVED USING THE DIRECT SOLUTION TECHNIQUE.

MAXLWM NUMBER OF ITERATIONS WILL BE 20

CONVERGENCE CRITERION WILL BE 1 0000000D-05

e
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Table Hl.5 2. (cont'd) )

. CODE : HTASL DATE: 10-05-84 COMPUTER: IBM 3033/3033
VERSION: 02/12/83 TIME: 08.20.32 JOBNAME : CLIPlHIP

JOB DESCRIPTION - HTASL SAMPLE PROBLEM 1

TRANSIENT PRINT 0LTI TIMES'

OUTPUT OUTPUT
NUMBER TIME

1 5.00000D+00
2 1.00000D+01
3 1 50000D+01
4 2.00000D+01
5 2 50000D+01
6 3.00000D+01
7 3.50000D+01

' 8 4.00000D+01
9 4.500000+01

10 5.000000+01
11 5.50000D+01
12 6.00000D+01
13 6. 50000D+01
14 7.00000D+01
15 7.50000D+01
16 8.00000D+01
17 8.50000D+01
18 9.000000+01
19 9.50000D+01
20 1.00000D+02
21 1.05000D+02 A'
22 1.10000D+02 Id23 1.150000+02t

24 1 200000+02
'
j
- 25 1.25000D+02

26 1.30000D+02
27 1.35000D+02
28 1.40000D+02*

29 1.450000+02
30 1.50000D+02

| 31 1.55000D+02
,

32 1.60000D+02
,

33 1.65000D+02'

34 1.70000D+02
35 1.750000+02
36 1.80000D+02
37 1.85000D+02
38 1.90000D+02,

i 39 1.95000D+02
i 40 2.000000+02
L 41 ~2.05000D+02
,

42 2.10000D+02;
.

.

IN HTAS1, LIMIT (DIMENSIONS FOR THE D-ARRAY) IS 142848 WHICH USES 559K 8YTES OF CORE.
3

j (LIMIT IS COMPLTTED BY ALOCAT AND IS A FUNCTION OF THE COMPUTER CORE REQUEST.)
i THE VARIABLY DIMENSIONED ARRAYS REQUIRE 14880 ELEMENTS OR 59K BYTES OF CORE.

THERE ARE 500K SYTES OF CORE LEFT FOR STORAGE OF HEATING 6 INPLTI DATA IN 81 NARY FORM.'

HTASL USED A TOTAL OF 13865 ELEMENTS IN THE D-ARRAY WHICH REQUIRED A TOTAL'

OF 55K 8YTES OF CORE. THE CORE REQUIREMENTS FOR TRE HTASL PORTION OF THE
ANALYSIS COULD BE REDUCED SY 502K 8YTES.

..... .eee.e..... nee... ...ee...........**.e.....e.e.ee...e............***.......e....
AND DIRECT SCALE TO EXECUTE HEATING 6 (Qf ). . .~

...... .e.... ......ee............e................e.... ...........**...e..S.010* EXIT.FROM CONTROL MODULE HTASL
........e.
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Table 111.5.3 Temperature Distribution at the Prefire Steady State.

-- PREF 1RE SS- IBM 3033/3033
tIEATINC6 02/12/83 IITASI SAMPLE PROBLEM 1 08.21.57 10-05-8
CLIPittlP

STEADY STATE TEMPERATURE DISTR 180T10N AFTER
14 ITERATIONS, T!HE = 0.0

4
2 3

CROSS CRID 1 1
1 1 1

FINE GRID 1 2 3 4 5 6 7 8 9 10 11 12 13

1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.3
DISTANCE -1.35 102 43---602:42---kdav40- -602 36---602:32---602 3 k---602 25 --602,69---kO2,12---192 v05- -kekv96---tekv9

'

1 1 0.0 OIO-
2 5.50 010 122.56 122.42 122.17 121.83 121.40 121.29 120.76 120.14 119.45 118.68 117.84 117.4

3 11.00 010 145.92 145.63 145.14 144.46 143.58 143.35 142.26 140.99 139.54 137.93 136.16 135.2

4 16.50 010 175.78 175.33 174.58 173.53 172.17 171.81 170.09 168.05 165.67 162.96 159.90 158.3

010 215.52 214.97 214.05 212.77 211.11 210,67 208.57 206.02 202.94 199.23 194.68 192.1-
5 22.00

050----2 67,4 5---2 6617 6---2 6 5,69---2 64,3 2 ---2 6 2,89 ---2 6 2,4 5---2 6e v9 5 --2 59,5 6---2 58,3 5---2 5 713 7---2 56,6 6---2 56,3
#

<
2 6 27.50

!, 7 29.44 010 268.51 267.73 266.51 264.96 263.24 262.85 261.18 259.66 258.36 257.33 256.62 256.4

; 8 31.38 010 271.69 270.65 268.97 266.80 264.38 263.85 _261.65 259.71 258.08 256.80 255.93 255.7

9 33.31 010 277.74 276.26 273.77 270.33 266.26 265.41 262.24 259.62 257.44 255.65 254.29 253.8

3 10 15.25 010 287.86 285.97 282.57 217.12 268.48 266t73---262,66 --259,3k---256,46---253,92---25kiS5 249.9

4 11 35.50 019----289,55---287,65---284,24- -278,74---268576 266155 262.62 259.29 256.40 253.82 251146 249.1

12 53.30 010 0.0 0.0 0.0 0.0 265195 263185 260.18 257.04 254.30 251.86 249166 247.5

13 71.10 010 0.0 0.0 0.0 0.0 265116 263107 259.40 256.27 253.54 251.12 248195 246.8 f3

i 14 88.90 010 0.0 0.0 0.0 0.0 264178 262169 259.u2 255.89 253.17 250.75 248158 246.5 +

15 106.70 010 0.0 0.0 0.0 0.0 264160 262151 258.84 255.72 252.99 250.58 248141 246.3 Y'.

5 16 124.50 010 0.0 0.0 0.0 0.0 264155 262146 258.79 255.67 252.94 250.53 248136 246.2 [j

17 142.30 010 0.0 0.0 0.0 0.0 264161 262151 258.85 255.72 253.00 250.58 248141 246.3
|

18 160,10 010 0.0 0.0 0.0 0.0 264179 262170 259.03 255.90 253.18 250.76 248159 246.5

19 177.90 010 0.0 0.0 0.0 0.0 265117 263108 259.41 256.28 253.55 251.13 248196 246.8

r-) 20 195.70 010 0.0 0.0 0.0 0.0 265197 263188 260.21 257.07 254.32 251.88 249169 247.5.

6 21 213.50 One----289,98---288ve6---284,6k---279,03---268184 266163 262.69 259.36 256.46 253.87 251150 249.1
' '

7 22 213.75 010 288.30 286.38 282.95 277.41 268.58 266181---262,69---259,38---256,52---253,97- -25kt60 250.0

23 215.56 010 278.71 277.16 274.56 270.93 266.60 265.71 262.41 259.70 257.44' 255.58 254.16 253.7

24 217.37 010 272.84 271.70 269.88 267.51 264.86 264.28 261.89 259.81 258.07 256.69 255.75 255.5

25 219.19 010 269.69 268.82 267.45 265.71 263.77 263.33 261.48 259.79 258.35 257.22 256.44 256.2 )

8 26 221.00 Ole 268,64---267,86---266163---265:08---263,35---262195---26tv26---259,76---258,36---257,27---256,46---256,6

L 27 226.50 010 215.85 215.28 214.32 212.98 211.27 210.81 208.64 206.04 202.91 199.14 194.55 192.0

28 232.00 010 175.84 175.39 174.63 173.56 172.18 171.81 170.07 168.00 165.60 162.86 159.78 158.2

29 237.50 010 145.91 145.61 145.12 144.43 143.54 143.31 142.21 140.93 139.47 137.85 136.07 135.1

122.54 122.39 122.15 121.81 121.37 121.26 120.72 120.10 119.40 118.63 117.79 117.3
30 243.00 010

602:43---602 42---602,39---602 36---602,32---602 30---te2 25---602,69---t02,k2---t02,94---10tv96---60k,99 31 248.50 Ole
4
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Table Hl.S.3 (cont'd)

.

HEATING 6 02/12/83 HTASL SAMPLE PROBLEH I -- PREFERE,SS 18H3031/3033
08.21.57 10-0)-8CLIPlutP

STEADY STATE TEMPERATURE DISTRIBUTION AFTER 14 ITERATIONS TIME = 0.0
CROSS CR10 5 6 7 8

.I I 1 1

FINE CRID 14 15 16 17 18 19 20 21 22 23 24

DISTANCE 14.94 16.06 17.19 18.31 19.44 19.60 23.48 27.36 31.2.4 35.12 39.00
1 1 0.0 --tenv88---196,60---60ke76---tenv63---606:54---kokv52---tekv20---teev89---690,59---600:3k---600105

2 - 5.50 117.00 116.21 115.38 114.54 113.67 113.55 110.49 107.56 104.90 102.52 100141

3 11.00 134.37 132.67 130.91 129.09 127.25 126.98 120.51 114.51 109.25 104.70 100173

4 16.50 156.71 153.62 150.38 147.05 143.67 143.19 131.64 121.61 113.37 106.66 101101

5 22.00 189.36 183.54 177.24 170.82 164.47 163.59 143.31 127.70 116.29 107.86 101118

2 6 27.50 -256105 234.69 217.18 202.22 189.04 187.27 151.55 129.18 115.72 107.20 101108'

7 29.44 256131 238.62 222.69 208.12 194.49 192.60 150.36 126.65 113.82 106.21 100194

8 31.38 255159 240.84 227.13 213.83 200.31 198.33 145.91 122.06 110.92 104.82 100173
.

9 33.31 253169 242.92 232.96 222.65 210.56 208.53 135.91 114.91 107.03 103.06 100147

3 10 35.25 248189 244.78 241.80 238.79 234.30 232.85 114.97 105.00 102.36 101.05 100117

4 11 35.50 246186---244,83---242,98---246,25---239662---239tt4---thev50---603,6t---60k,73---100,79---190113 A2

I
12 53.30 245153 243.95 242.47 241.09 239178 239139 0.0 0.0 0.0 0.0 010

j 13 71.10 244186 243.29 241.83 240.46 239116 238178 0.0 0.0 0.0 0.0 010 )^
'

! 14 88.90 244150 242.94 241.48 240.11 238182 238143 0.0 0.0 0.0 0.0 010 Fa
8"

15 106.70 244133 242.77 241.31 239.94 238165 238127 0.0 0.0 0.0 0.0 010j*
5 16 124.50 244128 242.72 241.27 239.90 238161 238122 0.0 0.0 0.0 0.0 010

17 142.30 244133 242.78 241.32 239.95 238166 238127 0.0 0.0 0.0 0.0 010
18 160,10 244151 242.95 241.49 240.12 238182 238144 0.0 0.0 0.0 0.0 .010
19 177.90 244187 243.31 24t.84 240.47 239117 238179 0.0 0.0 0.0 0.0 * 010

20 195.70 245155 243.97 242.50 241.11 239180 239142 0.0 0.0 0.0 0.0 010
6 21 213.50 246185---244,86---243,9 6 ---24 6,28---2 39165 ---2 39 t t 7---i te r 39--- t03 : 57- - te k v 7 t---100,7 7---t e0113
7 22 213.75 248189 244.79 241.79 238.79 234.35 232.91 114.81 104.95 102.32 101.03 100117

23 215.56 253151 242.95 233.22 223.14 211.20 209.17 134.70 114.16 106.64 102.88 100I45*

24 217.37 255138 240.79 227.26 214.09 200.57 198.58 144.53 120.97 110.28 104.51 100169

25 219.19 256111 238.46 222.60 208.06 194.38 192.48 149.11 125.50 113.07 105.84 100188

8 26 221.00 --255186 234.54 217.06 202.09 188.84 187.06 150.59 128.16 114.99 106.82 101102

27 226.50 189.20 183.34 177.02 '170.57 164.18 163.29 142.83 127.20 115.90 107.64 101115

28 232.00 15b.51 153.46 150.20 146.85 143.46 142.98 131.38 121.35 113.16 106.54 101100

29 237.50 134.27 132.56 130.79 128.97 127.12 126.85 120.37 114.38 109.14 104.64 100172 PO

30 243.00 116.95 116.15 115.32 114.48 113.61 113.49 110.43 107.50 104.85 102.49 100140

9 31 248.50 --tekve7---tetv79---tetv7t---tetv62---606:53---196,52---606 20---600,88---600:59---190,3k---600105

C
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Table.Hl.5.3 (cont'd).
.

q --

' TEMPERATURES ON NUMBERED SOUNDARIES

*
a00NDARY NUNRER- TEMPERATURE.

,1 0.0

2 100.000000
3 100.000000

'' '' 4 100.000000
5 100.000000'

6 100.000000
f. 7 100.000000''

8 .100.000000,

-

ELAPSED CPU TIME IS 8.95 SECONOS

THE MAKIMUM TEMPERATURE IS - 2.899790+02 (+-0.1 PERCENT)

380MAK. TEMP. APPEARS AT NODES -

;

'i THE MIN 1pAIM TEMPERATURE IS 1.00054D+02 - (+-0.1 PERCENT) .

MIN. TEMP. APPEARS AT N00ES - 23 253 402 632 7
e
vi
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Table Hl.S h. Temperature Distribution at the End
of the 30-Minute Fire Transient.

_-
__

_

-- FIRE TR 18M3031/3033
HEATINC6 02/12/83 HTASL SAMPLE PROBLEM i 08.25.57 10-05-8
CLIP 1Hir

TRANSIENT TEMPERATURE DISTR 18UT10N AFTER 246 T1HE STEPS, TIME a 3.00000Dt01
4

2 3
GROSS CRID 1 I .I I

I

FINE CRID 1 2 3 4 5 6 7 8 9 10 11 12 13

-1.35 1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.3
DISTANCE

010---t 465,6 7--6 465,67 --1465,67--14 65,67-- t 465 367--1465,67--t465,67-- 146 5,66--6465,66--6465,65--4465,65 -- t465,6
1 1 0.0

2 5.50 U10 131.26 133.11 132.87 132.53 132.10 131.99 131.45 130.84 130.14 129.37 128.54 128.1

3 11.00 010 145.97 145.67 145.19 144.50 143.63 143.40 142.31 141.04 139.59 137.97 136.21 L15.3

4 16.50 010 175.78 175.33 174.58 173.53 172.17 171.81 170.09 168.05 165.67 162.96 159.90 158.3

215<52 214.97 214.05 212.77 211.11 210.68 208.57 206.02 202.95 199.23 194.69 192.1'

5 22.00 010
- 2 6 7,58---266 :9 7---266102 ---2 6 4*v8 7 ---26 3,64---26 3,3 7---2 62,2 4---2 6 t 30 ---2 60,59---260,0 7---2 59 5 7---2 59,2

2 6 27.50 050
7 29.44 010 268.82 268.22 267.32 266.28 26%.25 265.03 264.18 263.63 263.42 263.46 263.51 263.4

8 31.38 010 272.50 271.95 271.25 270.68 270.45 270.43 270.51 271.20 272.68 274.72 276.63 277.0

9 33.31 010 279.45 279.18 279.30 280.63 283.73 284.37 286.72 290.39 296.07 303.64 311.93 314.8

3 to 35.25 010 290.43 290.69 292.49 298.88 316.43 319122---323,92---332,48---346,68---365,5t---39tiO9 411.8
h

| 4 11 35.50 ule----29 2 v t a ---29 2,40---294,2 6 --- 300,7 7---3 24150 323I83 327.27 336.12 350.40 370.58 397153 431.2
*

12 53.30 010 0.0 0.0 0.0 0.0 346145 345121 147.17 354.08 365.58 381.54 402100 427.7 n

13 71.10 010 0.0 0.0 0.0 0.0 346104 344180 346.74 353.56 364.91 380.69 400192 426.4 *

14 88.90 010 0.0 0.0 0.0 0.0 345168 344143 346.38 353.20 364.55 380.33 400157 426.1 ok
.

'

15 106.70 010 0.0 0.0 0.0 0.0 345151 344127 346.21 353.01 364.39 380.17 400141 425.9

5 16 124.50 010 0.0 0.0 0.0 0.0 145146 344122 346.16 352.98 364.34 380.12 400136 425.9

17 142.30 010 0.0 0.0 0.0 0.0 345151 344127 346.21 353.04 364.39 380.17 4D0141 425.9

18 160.10 010 0.0 0.0 0.0 0.0 345369 344144 346.38 353.21 364.56 380.33 400157 426.1

! 19 177.90 010 0.0 u.0 0.0 0.0 346106 344181 346.75 353.57 364.93 380.70 400193 426.4,

j 20 195.70 010 0.0 0.0 0.0 0.0 346149 345124 347.21 354.12 365.61 381.57 402103 427.7

' 6 21 213.50 010----292,52---292375---294149---300,98---324682 124114 327.56 336.39 350.65 370.82 397176 431.5

7 22 213.75 010 290.82 291.04 292.76 299.08 316.80 319159--- 324,23---3 32,76---346,43---365,74---39 6 f 21 412.3

23 215.56 010 280.47 280.21 280.36 281.84 285.30 285.99 288.50 292.40 298.44 306.53 315.50 318.7

24 217.37 010 273.74 273 17 272.46 271.94 271.83 271.84 272.u4 272.93 274.70 277.14 279.44 279.9

269.42 268.45 267.35 266.28 266.05 265.22 264.73 264.64 264.86 265.04 264.9
270.0825 219.19 010
268,8 6 ---268 v t 3---26 7,08---2 65,8 2 ---2 64,48---2 64,69---26 3100---26 2,u4---26 t: 3 7---2 60,9 2---2 60,4 5---2 6010i

| 8 26 221.00 One-
- 27 226.50 010 215.85 215.28 214.32 212.98 211.27 210.82 208.65 206.04 202.92 199.15 194.56 192.0

28 232.00 010 175.84 172.39 174.63 173.56 172.18 171.81 170.07 168.00 165.60 162.86 159.78 158.2

| 29 237.50 010 145.96 145.66 145.17 144.47 143.59 143.36 142.26 140.98 139.52 137.89 136.12 135.2,

010 131.24 133.C9 132.84 132.50 132.07 131.96 131.42 130.80 130.10 129.33 128.49 128.0 pc

Q30 243.00
010---t 465,67 --1465,67 -- 6465,67-- t 465,67-- 1465,67 --1465,67 -- t 465,67-- t 465,66 -- t 465,66-- 6465,66-- t 465,65-- 146 5,6

E
*

9 31 248.50

a
23
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Table Hl.5.4. (cont'd)

HEATING 6 02/12/83 WTASI SAMPLE PRORLEM 1 "-- FIRE TR' ism 3033/3033
. CLirtu1P 08.25.57 10-05-8

TRANSIENT TEMPERATURE DISTRIBUTION.AFTER 246 TIME STEPS. TIME = 3.00000D+01
GROSS CRID 5 6 7 8

1 1 1 1

FING CRID 14 15 16 17 18 19 20 21' 22 23 24
DISTANCE 14.94 16.06 17.19 18.31 19.44 19.60 23.48 27.36 31.24 35.12 39.00

t ,l' 1 0.0 -4465,65--6465,65--t465,64--k+65,64--6465,64--6465,64--k465,62--1465:66--k465,69--6465,78--6474196
2 5.50 127.70 .126.90 126.08 125.24 124.37 124.25 121.19 118.27 115.83 137.81 1469153
3 11.00 134.'42 132.72 130.95 129.14 127.29 127.03 120.56 114.56 109.52 129.51 1469149

^
4 16.50 156.71 153.62 150.38 147.05 143.67 143.19 131.64 121.61 113.60 131.42 1469150
5 22.00 189.37 183.54 177.24 170.82 164.47' 163.59 143.31 127.70 116.53 132.61 1469151

2 6 27.50 --358574 234.80 217.18 202.22 189.04 187.27 151.55 129.18 115.96 131.96 1469150
7 29.44 263123 238.96 222.71 208.13 194.49 192.60 150.39 126.68 114.08 131.00 1469150

. 8 31.38 276187 242.16 227.28 213.97 20u.53 198.56 147.08 123.24 112.34 130.75 1469150
9 33.31 315178 250.29 217.41 228.53 219.09 217.69 175.44 155.01 147.41 167.29 1469165

3 10 35.25 429107 359.20 377.87 411.56 460.19 472.50 957.79 956.84 955.45 964.08 1472191
4 11 35.50 4 73577---563,54--- 568,5 6---668,86 ---687 t83---7 6 3 645--6443,63--t443,95--1442,96--644 3,5e--6474687

12 53.30 460I19 489.41 527.18 575.37 633107 654174 0.0 0.0 0.0 0.0 010 pg- ; ~
13 71.10 458171 487.79 526.04 573.56 631123 652194 0.0 0.0 0.0 0.0 010*

.

14 88.90 458138 487.47 525.72 573.25 630193 652164 0.0 0.0 0.0 0.0 010 sn
*

15 106.70 458123 487.32 525.59 573.12 630180 652152 0.0 0.0 0.0 0.0 010 a

5 16 124.50 458119 487.28 525.55 573.08 630176 652148 0.0 0.0 0.0 0.0 010 -4

17 142.30 458124 487.33 525.59 573.12 630180 652152 0.0 0.0 0.0 0.0 010
18 160,10 458138 487.47 525.73 573.26 630193 652165 0.0 0.0 0.0 0.0 010
19 177.90 _ 458172 487.80 526.05 573.57 631124 652195 0.0 0.0 0.0 0.0 010
20 195.70 460122 489.44 527.80 575.40 633109 654177 0.0 0.0 0.0 0.0 010

6 21 213.50 4749et-- 562,75-56e v69--669,90---688 5e3 -- 7 6 3434-- 6444,40 -- 6444,43 -- 6444,35 -- 6644,86--t474588

7 22 213.75 429193 362.90 382.60 417.28 467.19 479.88 979.7u 978.97 977.62 985.88 1473100
23 215.56 319184 251.20 238.47 230.08 221.25 219.96 181.14 161.27 154.03 174.01 1469167
24 217.37 279179 242.35 227.45 214.28 200.87 198.90 146.10 122.57 112.11 130.85 1469150
25 219.19 264175 238.90 222.62 208.07 194.39 192.48 149.15 125.55 113.34 130.64 1469150

8 26 221.00 --359451 234.69 217.06 202.09 188.84 187.06 150.59 128.16 !!5.22 131.58 1469150
'

27 226.50 189.21 183.35 177.02 170.57 164.18 163.29 142.83 127.20 116.14 132.40 1469150'

28 232.00 156.57 153.46 150.20 146.85 143.46 142.98 131.38 121.35 113.40 131.30 1469150
29 237.50 134.32 132.61 130.83 129.01 127.16 126.90 120.41 114.42 109.42 129.45 1469149
30 243.00 127.65. 126.85 126.02 125.17 124.31 124.19 121.13 118.21 115.79 137.78 1469153 38

.

I9 31 248.50 -t465,65--6465,65--6465,64--1465,64--t465,64--t465,64--t465,62--t465,66--t465,60--k%65,78--64741963
I

t
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Table H1.5.5 Temperature Distribution at the End of the
Three-Hour, Cool-Down Transient.

,
-- -- . _. . . . _ . .. . . . _ _ _ . _ _

HEATINC6 02/12/83 HTASI SAMPLE PROBLEM 1 -- POSTFIRE TR 18H3033/3033
08.33.50 10-05-8CLIP 1 HIP

TRANS1 EMF TEMPERATURE DISTRIBUTION AFTER 227 T1HE STEPS, T1HE = 2.10000D+02

CROSS CRID 1 2 3 4

1 1 1 1

FINE GRID I ~2 3 4 5 6 7 8 9 to 11 12 13

DISTANCE -1.35 1.35 2.70 4.05 5.40 6.75 7.06 8.39 9.71 11.04 12.36 13.69 14.3

1 1 0.0 019----6 3 7,9 6---6 3 7,9w---6 3 7,89---6 3 7,88---6 3 7,86--- 6 3 7,86---4 3 7,84--- 6 3 7,8 t---13 7,79---t 3 7,7 6--- 6 3 7,7 2--- 6 3 7,7'

t 2 5.50 010 144.23 144.08 143.84 143.51 143.08 142.96 142.43 141.82 141.13 140.36 139.53 139..
3 11.00 010 147.13 146.84 146.35 145.67 144.79 144.56 143.47 142.20 140.75 139.14 137.37 136.4

4 16.50 010 175.89 175.44 174.70 173.65 172.30 171.94 170.22 168.19 165.81 163.10 160.03 158.4

5 22.00 010 219.30 218.83 218.03 216.90 215.40 215.00 213.03 210.61 207.62 203.91 199.19 196.3

2 6 27.50 019----38 3,7 2 ---38 3,59---38 3,3 4---382,96---38 2,4 3 ---38 2,2 8---38 t 5 7 ---3 80,7 6---3 7 9,7 6---3 78,5 5---3 7 7,6 5--- 3 76,2
7 29.44 010 386.27 386.08 385.73 385.22 384.52 384.34 383.46 382.46 311.38 380.27 379.21 378.7

8 31.38 010 391.81 391 49 390.92 390.06 388.91 288.62 387.28 385.86 384.44 383.10 181.9t 381.5

9 33.31 010 400.24 399.73 398.79 397.29 395.19 394.67 392.39 390.14 387.98 385.96 384.20 183.5,

3 10 35.25 010 411.57 410.90 409.57 407.17 402.88 401567---397,78---394,29---396,86---387,82---384149 3d2.1

4 11 35.50 069----4 6 3,2 5---4 6 2,58---4 t 6,2 5---498,84---404 516 402105 398.08 394.51 391.17 387.90 384162 381.3 f3
12 53.30 010 0.0 0.0 0.0 0.0 429151 427140 423.20 419.37 415.77 412.33 408198 405.6 -

13 71.10 010 0.0 0.0 0.0 0.0 438150 436140 432.16 428.25 424.54 420.95 417144 413:9 I"
14 88.90 010 0.0 0.0 0.0 0.0 440119 438109 433.84 429.91 426.16 422.52 418194 415.3 (j
15 106.70 010 0.0 0.0 0.0 0.0 440134 438124 434.00 430.06 426.30 422.65 419106 ;15.4

5 16 124.50 010 0.0 0.0 - 0.0 0.0 440133 438123 433.99 430.05 426.29 422.64 419104 415.4*

17 142.30 010 0.0 0.0 0.0 0.0 440135 438124 434.00 430.06 426.30 422.65 419106 415.4
18 160.10 010 0.0 0.0 0.0 0.0 440120 438110 433.85 429.92 426.17 422.53 418195 415.3
19 177.90 010 0.0 0.0 0.0 0.0 438157 436146 432.23 428.31 424.60 421.01 417149 413.9
20 195.70 010 0.0 0.0 0.0 0.0 429190 427179 423.59 419.75 416.14 412.68 409131 405.9

6 21 213.50 05 4----4 6 7,6 8 ---4 6 6,8 4---4 6 5,3 6---4 6 2,29 ---486 t 5 6 404143 400.37 396.71 393.25 389.86 386144 382.9

7 22 213.75 010 416.00 415.17 413.54 410.64 405.50 404 5 t6---4ees t t---396,56---393,67---389,84--- 386140 383.9

23 215.56 010 405.59 404.94 403.75 401.90 399.35 398.75 396.20 393.74 391.39 389.20 387.28 386.6
, 24 217.37 010 398.02 397.59 396.8) 395.72 394.29 393.94 392.34 390.70 389.08 387.57 386.31 385.8

25 219.19 010 393.12 392.84 392.36 391.65 390.74 390.50 389.41 388.;' 386.96 385.71 384.54 384.0

8 26 221.00 010----3 90,88---39e 6 7 --- 190,39---389,7 5---389,92---3 68,8 3 ---38 7,9 3---386,58---38 5,7 3---384,4 5---382,9 6---38 2,0
27 226.50 010 219.94 219.45 218.63 217.46 215.93 215.51 213.51 211.04 208.01 204.26 199.47 196.6

28 232.00 010 175.96 175.51 114.75 173.69 172.31 171.95 170.21 168.15 165.75 163.01 159.92 158.3 |f
29 237.50 010 147.12 146.82 146.33 145.64 144.76 144.52 143.42 142.14 140.69 139.06 137.25 136.4 .

30 243.00 010 144.21 144.06 143.82 143.48 143.05 142.94 142.40 141.78 141.09 140.32 139.48 139.0

9 31 248.50 019 637,96---637,90---637,89---637,88---637,86---637,86---637,84-- '37,86---637,78---637,75---137,72---637,7
!$
%

.

____ -.
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Table Hl.5.5 (cont'd)
_

HEATENC6 02/12/83 KTAS1 SAMPLE PROBLEH I -- POSTFIRE TR 18M3033/3033l

08.33.50 10-05-8-

CLIPlHIP
TRANSIENT TEMPER 4TURE olSTRIBUTION AFTER 227 TIME STEPS, T1HE = 2.10000D+02

GROSS CRID 5 6 7 8
*

I I 1 1

FINE CRID 14 15 16 17 18 19 20 21 22 23 24'

DISTANCE 14.94 16.06 17.19 18.31 19.44 19.60 23.48 27.16 31.24 35.12 39.00

1 1 0.0 --4 3 7,69--- 6 3 7,66--- 6 3 7,6 3 --- 6 3 7,59 ---t 3 7,56---6 3 7,56--- 6 3 7,44--- 6 3 7,3 3 ---6 3 7,2 7---4 36,14---60617 5
2 5.50 138.70 137.91 137.09 136.25 135.39 135.27 132.23 129.59 130.84 156.61 118145

3 41.00 135.58 133.88 132.12 130.30 128.46 128.19 121.74 116.03 115.03 142.39 117185

4 16.50 156.83 153.70 150.43 147.09 143.71 143.23 131.69 121.95 118.00 143.34 117192

5 22.00 193.08 185.47 177.98 171.05 164.52 163.62 143.33 128.01 120.89 144.50 118100

2 6 27.50 --375123 286.05 235.00 207.42 190.24 188.08 152.09 130.u3 120.86 144.32 117198

1 7 29.44 378143 295.83 245.17 216.75 198.68 196.39 155.84 132.76 124.18 147.80 318118:

f 8 11.38 381127 309.71 262.83 235.66 218.16 215.88 171.17 149.12 142.05 163.67 118197

9 33.31 383125 338.83 306.18 286.09 271.86 269.70 202.03 184.67 180.12 193.26 119I17#

3 10 35.25 380149 375.71 369.59 363.77 355.64 352.97 146.u4 137.22 136.06 137.96 107148

4 11 35.50 377570---374,78---37kv53---367,93---363599---362548---627,85---622,74---622,68---623,63---t04189
12 53.30 401196 399.27 396.27 392.99 389144 388104 0.0 0.0 0.0 0.0 010 ,

13 71.10 410112 407.31 404.20 400.80 397113 395167 0.0 0.0 0.0 0.0 010 sn

14 88.90 411152 408.68 405.54 '402.11 398141 196195 0.0 0.0 0.0 0.0 010 [3
15 106.70 411162 408.77 405.63 402.20 198150 397103 0.0 0.0 0.0 0.0 010 C)

5 16 124.50 411160 408.76 405.62 402.19 398148 397102 0.0 0.0 0.0 0.0 010
'

17 142.30 411162 408.78 405.63 402.20 198150 397103 0.0 0.0 0.0 0.0 010

18 160.10 411153 408.69 405.55 402.12 398142 396195 0.0 0.0 0.0 0.0 010

19 177.90 410117 407.36 404.25 400.85 397117 395172 0.0 0.0 0.0 0.0 010

20 195.70 402126 399.55 396.55 393.27 389170 388130 0.0 0.0 0.0 0.0 010

6 21 213.50 3796t9---376,67---372,84---369,t8---365126---363569---627,00---626,90---626,25---622,42---194581
7 22 213.75 382118 376.65 370.21 364.28 356.20 353.54 144.60 135.82 134.68 136.80 107135

23 215.56 386125 342.75 310.64 290.91 276.80 274.61 202.83 185.93 181.64 194.07 118198

24 217.37 385158 314.03 266.62 239.23 2tt.72 219.44 174.05 152.52 145.85 166.99 119111,

25 219.19 383171 299.79 247.48 218.17 199.75 197.41 156.39 133.53 125.33 149.04 118I25

8 26 221.00 --380196 289.82 236.68 207.97 190.28 188.07 151.37 129.27 120.38 144.16 117197

27 226.50 193.25- 185.48 177.85 170.83 164.24 163.32 142.86 127.52 120.51 144.29 117198

28 232.00 156.69 153.55 150.26 146.89 143.50 143.02 131 43 121.69 117.79 143.23 117191 pg

29 237.50 135.48 133.77 132.00 130.18 128.33 128.06 121.59 115.d9 114.93 142.33 117185

30 243.00 138.64 137.85 137.03 136.18 135.33 135.20 132.17 129.53 130.79 156.59 118145

9 31 2 4 8.50 --4 3 7,69---137,66---6 3 7,6 4---6 37,59---t 3 7,56---6 3 7,5 5 ---t 3 7,4 3--- 6 3 7,3 3 --- 6 3 7,2 7---136,14--- 60617 5
E3*

13
-
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Table Hl.5.6. Temperature Distribution at the Final Steady State.

-- FINAL SS 18M3033/3033
REATINC6 02/12/83 KTASt SAMPLE PR08LEM 1 08.35.04 10-05-8
CLIPtHIP

STEADY STATE TEMPERATURE DISTRIBUTION AFTER 12 ITERATIONS TIME = 2.10000D+02
4

2 3
GROSS CRID 1 11 1

FINE GRID 1 2 3 4 5 6 7 8 9 to 11 12 15I

1.35 2.70 4.05 5.40 6.75 1.06 8.39 9.71 11.04 12.36 13.69 14.3
DISTANCE -1.35

- 68 6,52 --666,5 6---68 6,49--- E0 6,47 ---ie k v45---he k v44--- te k v40---tet e 36---te 6 v 32 --- he k v 2 7---is t r a t--- te t s k
1 1 0.0 Ole

2 5.50 010 118.40 118.68 118.47 118.18 117.82 117.72 117.27 116.75 116.16 115.52 114.81 114.4

3 11.00 010 138.82 138.57 138.15 137.56 136.81 136.61 135.68 134.59 133.35 131.97 130.46 129.7

4 16.50 010 164.42 164.03 163.38 162.47 161.28 160.97 159.48 157.72 155.67 153.33 150.70 149.3

010 198.65 198.15 197.32 196.17 194.69 194.31 192.44 190.20 187.52 184.29 180.36 178.1
5 22.00 054----243 89---243,29---242,63---248,77---239,26---238,96---237,42---236,95---234186---233,90---233,69---232,92 6 27.50
7 29.44 010 244.93 244.16 242.94 241.40 239.68 239.29 237.63 236.13 234.84 233.83 233.15 232.9

| 8 31.38 010 248.09 247.05 245.38 243.21 240.79 240.26 238.06 236.14 234.53 233.26 232.41 232.1

'

9 33.31 010 254.13 252.64 250.15 246.71 242.62 241.78 238.61 236.01 233.84 232.06 230.72 230.3

3 to 35.25 010 264.24 262.34 258.93 253.46 244.78 24 3.e 3---2 38,9 3---2 3 5,6 5 ---2 32,8 k ---2 30,29---2 2 7 69 3 226.3

4 11 35.50 054---- 26 5,9 2--- 264,e 2 --- 268. 60 ---2 55,0 7 --- 2 4 5 60 5 242154 238.93 235.63 232.75 230.19 227184 225.5

12 53.50 010 0.0 0.0 0.0 0.0 242104 239195 236.31 233.19 230.46 228.04 225186 223.7

13 71.10 010 0.0 0.0 0.0 0.0 241119 239109 235.45 232.35 229.64 227.24 225108 222.9 [g
' 14 88.90 010 0.0 0.0 0.0 0.0 240179 238170 235.06 231.96 229.25 226.85 224170 222.6 .

15 106.70 010 0.0 0.0 0.0 0.0 240161 238152 2?4.88 231.78 229.08 226.68 224153 222.4 }n

5 16 124.50 010 0.0 0.0 0.0 0.0 240156 238147 234.83 231.73 229.03 226.63 224148 222.3 na
h),

*

17 142.30 010 0.0 0.0 0.0 0.0 240162 238152 234.88 231.78 229.08 226.68 224153 222.4

18 160.10 010 0.0 0.0 0.0 0.0 240180 238170 235.06 231.96 229.26 226.86 224170 222.6

19 177.90 010 0.0 0.0 0.0 0.0 2411'.J 239110 235.46 232.36 229.65 227.25 225109 223.0'

20 195.70 010 0.0 0.0 0.0 0.0 242107 239197 236.33 233.21 230.48 228.06 225188 223.7

6 21 213.50 Ole -266,34 --264,42---260,96---255,35---245 12 242191 238.99 235.68 232.80 230.23 227188 225.5

7 22 213.75 010 264.66 262.74 259.29 253.74 244.88 2435te---239,00---235,76---232,86 d%23ev33---227197 226.3

23 215.56 010 255.08 253.53 250.92 247.29 242.95 242.06 238.77 236.07 233.82 23t.98 230.58 230.1

24 217.37 010 249.22 248.09 246.26 243.89 241.25 240.67 238.29 236.23 234.49 233.13 232.21 231.9

246.10 245.23 243.86 242.12 240.19 239.75 237.91 236.24 234.82 233.70 232.95 232.7
25 219.19 010

2 4 5 re6---2 44,28---24 3,9 5---24 6,50---2 39,78---2 39,39---2 3 7,7 6- -2 36,6 7 ---2 34,8 5 - -2 3 3,7 9---2 3 3,0 k ---2 3 2,7
8 26 221.00 05;

27 226.50 010 198.97 198.45 197.58 196.38 194.84 194.44 192.51 190.21 187.47 184.20 180.23 178.0

28 232.00 010 164.48 164.09 163.42 162.49 161.29 160.97 159.46 157.67 155.60 153.24 150.59 149.2

29 237.50 010 138.81 138.55 138.13 137.53 136.77 136.57 135.63 134.53 133.28 131.89 130.37 129.6

!!8.78 !!8.66 118.45 118.16 117.79 117.70 117.24 116.72 116.13 115.47 114.77 114.4 !f
.eiv52--- eiv5 --->0*v49---ieiv47---ieiv44---seiv44---eeiv+e---eeiva6---eeira ---ee v26---ee nv2+---*ei ve g30 243.00 010

9 3 248.50 01

a
CO
u

i
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I

*
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Table H1 5.6.- (cont'd)_
_

,

j-

.NEATING6 02/12/83- MTASI SaetLE PROGLEN 1 - FINAI. SS 11aN3033/3033
CLittetr 08.35.04 10-05-8 -

ST848T STATE TEsersaAfust 88875150T1001 AFTER 12 ITERATiuHS. Tint = 2.100000+02-
Ga088 Gets 5 6 7 -8

I I L' I
Flut Gate 14 15 16 17 18 .19 20 21 22 23 24

Distance | 14.M .16.06 17.19 18.31 19.44 19.60 23.48 27.M 31.24 ;35.12 39.00 . 4

1 1 0.0 --446.it 105 . i l-6et ,46---646,ee--640,94-te6,94--- 606,75--- 688 v H---tee, M -- 6te e 68- beS102 - I

2 '5.50 114.10 113.43 112.74 !!2.03 111.31 111.20 108.64 106.19 103.97 101.99 '100123
| 3 '11.00 128.93 127.48 : 125.97 . 124.43 122.86 122.64 117.14 112.06 107.6L 103.78 100143

_) 4 16.50 147.97 145.32 _142.55 139.69 1M.81 LM.40 126.% 118.04 111.06 105.38 100160:

W 5 22.00 . 175.78 170.77 165.37 ; 159.86 '154.43 153.67 1M.37 123.12 113.47 106.35 100170-
*

j' ~2 6- 127.50 --488864 .214.30 -199.23 - 186.38 ' 175.07 173.55 143.11 124.21 !!2.91 105.78 100164
.; 7 ; 29.44 . 232845 . 217.51'' 203.72- 191.16'i179.44 177.82 141.91 121.98 111.27 104.95 100555.

8 31.30 232508 219.13 '207.16' 195.63' 183.98 182.29 137.87- !!7.99 108.80 103.79 100142-
9 -33.31 - 230512 ;220.43. 211.57- 202.53: 192.08 190.34'.129.04 IL1.85 105.50 102.33 100126

:3 10' 35.25 225128 221.21 214.28 215.39 ~.211.20 210.01, 110.82 103.42 101.57 10J.67 100104'
.,

1 4 11 135.50 22M69---8H,H---H9,67-~467,M-MH66---antM-~6e6,97--M,34---6e6 ee---beerM---teet05

'] 12 53.30 ;221172 -220.06 1218.54 217.05 215568 215129 0.0 0.0 0.0 0.0 010 % j
4 13 71.10 ' 220399 219.35 217.41- 216.37 215801 214162 0.0 0.0 0.0 0.0 010 *

.] 14 88.90 . 220162 214.98 217.45 216.01- -214165 214127' O.0 0.0 0.0 0.0 080 Y
15 106.70 -220545 218.81 - 217.28 215.85 214149 214111 0.0 0.0 0.0 0.0 010 '$ |

5 . 16 124.50 . 220R40 -218.77. -217.24 215.80 214I45 214806- 0.0 0.0 0.0 0.0 010 ' l'

17- 142.30 220145 -218.82 217.291 215.85- 214149 '214811 0.0 0.0 0.0 0.0 010
18 160.10 226562 218.99- 217.45 - 216.02 214tM 214I27 0.0 0.0 0.0 0.0 010;
19 177.90 221300 219.M ' 217.82 216.38 215102 214163 0.0 0.0 0.0 0.0' 050
20 .195.70 221I74 220.08 218.53 217.07 '215170 215131 ' O .0 0.0 0.0 0.0 010

6 21 213.50 . 223888--8H,M---H9,36-4H,36---4HM7--MM69-te6,e9---6eavaa---6e6,93-6e9,46-~600605
7 22 213.75- 225E27 221.21- 218.27 215.38 .211.31 210.06 110.70 101.38 101.54 100.M 100108 ;

23 215.M - 229594 220.41: 211.75 - 202.89 - 192.57 190.83 127.99- !!1.21 105.17 102.18 100125 4

24 217.37 231586 ;219.03 207.20 - 195.77 184.14 142.43. IM.H 117.06 '108.26 103.54 100140
- 25 219.19 - 232E63 217.31 203.57'.191.03 179.27 177.64- 140.80 120.99 110.63. 104.64 100152 7

8 26 221.00 --894547 ~214.12 199.07 186.20 174.83 173.30 142.24 123.31 112.24 105.46 100560
27 226.50 - 175.6L 170.58 . 565.15 159.61 154.14 153.38: 135.94 122.68 113.14 106.17 100168
28 232.00 =147.83 . 145.17 142.38 139.51 136.62 LIM.21- 126.32 117.81 110.44 105.28 100159
29 237.50'. 128.84 127.34 125.87 - 124.32 122.74 122.52' '117.01 111.94 107.52 103.73 100142
30 243.00 - 114.06- 113.38 112.69 111.97 111.25 111.14 . 108.58 106.14 103.92 101.97 '100123

9 31 244.50 -te6,66-tet,64-betwe6-6es,99---tes M-tee,94- -bee,73-6eev63--tes,54-60s.68--600102 se

t
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Table Hl.5.7. Output Describing the Temperature
Profile Plots Generated by llTASL
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PLOTS WILL INCLUDE TEMPERAfuRE DISTRIBUTIONS FROM THE FIRE TRANSIENT AND POSTFIRE TRANSIENT HEATINC6 CALCULATIONS*

,1

TEMPERATURE VS. TIME CURVES FOR THE INNER SHELL, SHIELDING, AND OUTER SHELL WILL BE GENERATED ON ONE PLOT

TEMPERATURE DISTRIBUTIONS AT EVERY PRINTOUT TIME WILL BE USED
4

A PLOT WILL BE CENERATED Sf.OW1NG A CURVE OF MAXIMUM TEMPERATURE AT ANY TIME
AT EACH CENTER AXIAL NODE VS. Tt!E R DISTANCE FROM THE ORIGIN
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,

'

Table H1.5.8 Thermal Properties for 1.55 carbon steel. ]

_____ _ _ __

h
Temperature TP m al Conductivity" Densit{)" Temperature Specific Heat

(* F) Btu /f br-ft * F) (1b/ ft (* r) Btu / fib *F)

32 21 484 32 0.105
212 21 167 0.120
392 21 392 0.135
572 20 "52 0.15
752 19 1112 0.17

1112 18 1292 0.20
1472 16,

Ref. 1b
Ref. 2
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T
The input data necessary for HTAS1 to generate region plots for the '

second sample problem is shown in Table H1.5.9. Several of the default
region plots generated by HTAS1 are shown in Fig. H1.5.2. The map of the
regions for the fire calculation and all the plots for the final steady
calculation are omitted because they are identical to that provided for the

previous calculational phase. If the 9EGP data card is removed from the
input data, HTAS1 will perform the analytical sequence described above for'

the second sample problem. Microfiche copies of the output for this prob-
: les when region plots are generated and when the analytical sequence is

performed are presented in Appendix H1.B. Generating the region plots for'

the second sample problem required 27 seconds of CPU time on the IBM 3033.
636K bytes of core, 2902 units of Io, and 1927 lines of output. Performing

on thethe analytical sequ2nce required 3 minutes, 35 seconds of CPU time.

IBM 3033, 636K bytes of core, 3217 units of Io, and 91c0 lines of output.
Factors contributing to the reduced CPU time for the second sample problem
include the loss of the neutron shield and the bottom impact limiter during
the calculations and the fact that the second sample problem uses larger*

.

time step sizes than the first sample problem.
,
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Table Hl.5.9 Input Data for Second Sample Problem for HTAS1.

HTASL SAMPLE PROBLEM 2

CAVITY 6.75 5 89 5 39247
*

* EXAMPLE OF OVERRIDING THE DEFAULT MATERIAL FOR THE INNER SHELL BY
* EXPLICITLY SPECIFYING THE MATERIAL AND ITS THERMAL PROPERTIES.
INNER SHELL 0.31 1 0.25 1
MATERIAL
CARBONST

32 21
@ 212 21
0 392 21

I @ 572 20
0 752 19

'

01112 18 ,

@l472 16
484

32 0.105
0 167 0.12
@ 392 0.135
0 752 0.15
@1112 0.17
@l292 0.2

A SHIELDING 6.63 5
j 'J OUTER SHELL 1.25 2 7.25 4 7.75 4

*
|
1 * EXAMPLE OF OVERRIDING DEFAULT EMISSIVITIES OF THE OUTER SHELL FOR
} * THE POSTFIRE TRANSIENT AND FINAL STEADY STATE CALCULATIONS.
J EMISSIVITIES 0 0 0 0.9 0.9

*i

j- * EXAMPLE OF OVERRIDING THE DEFAULT MATERIAL FOR THE OUTER SHELL BY
* REPLACING IT WITH A MATERIAL FROM THE LLNL MATERIAL PROPERTY LIBRARYq
* (MATERIAL NUMBER 3135 - STAINLESS STEEL 347).

i MATERIAL
?, *3135
' NEUTRON SHIELD 4.5 4 85.5 86 ;
| *

|j * EXAMPLE OF REPLACING THE NEUTRON SHIELD WITH A VOID AFTER THE PREFIRE
I* STEADY STATE CALCULATIONS. ALSO, OVERRIDE THE DEFAULT EMISSIVITIES,,

7 * FOR THE RADIATIVE HEAT TRANSFER ACROSS THE RESULTING GAP. |

; DELETE PREFIRE -1 0.6 0.6 !

d WATER JACKET 0.16 1
d *

lj., * EXAMPLE OF OVERRIDING THE DEFAULT MATERIAL IN THE WATER JACKET BY
; - * REPLACING IT WITH MATERIAL NUMBER 14 FROM THE HTAS1 MATERIAL PROPERTY
l * LIBRARY.

MATERIAL 14.

J

,

+
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* Table Hl.5 9 (cont'd)

IMPACT. LIMITER _39 5 27.5 5 0 0 11

4 * EXAMPLE OF REMOVING THE BOTTOM IMPACT LIMITER AFTER THE FIRE
- * TRANSIENT CALCULATIONS.

DELETE FIRE BOTTOM,

|
*

1' * EXAMPLE OF REQUESTING PRINTED OUTPUT OF THE TRANSIENT TEMPERATURE
* DISTRIBUTIONS AT SELECTED TIMES.'

PRINTOUT TIMES 5 10 15 20 25 30 40 50 60 70 80 90 110 130 150 170 190
~

0 210 230 250 270
? *

* EXAMPLE.0F OVERRIDING THE DEFAULT AMBIENT TEMPERATURE FOR THE PREFIRE,

; * STEADY STATE CALCULATIONS.
.PREFIRE' 130
FIRE .,,

*

* EXAMPLE OF OVERRIDING THE DEFAULT NUMERICAL TECHNIQUE FOR THE FIREs

* TRANSIENT CALCULATIONS. USE CRANK-NICOLSON WITH A MAXIMUM TIME STEP
* SIZE OF 5 MINUTES AND ADJUST THE TIME STEP SIZE TO KEEP THE MAXIMUM:;

2* RELATIVE CHANGE IN TEMPERATURE NEAR 5 PER CENT OVER A TIME STEP.
,

IMPLICIT'

00~5005
). *

|: * EXAMPLE OF OVERRIDING THE DEFAULT DURATION TIME AND AMBIENT|
b * TEMPERATURE FOR THE~POSTFIRE TRANSIENT CALCULATIONS.

3 POSTFIRE 240 130
* *

j * EXAMPLE OF OVERRIDING THE DEFAULT NUMERICAL TECHNIQUE FOR THE POSTFIRE
ij * TRANSIENT ~ CALCULATIONS. USE CRANK-NICOLSON WITH A MAXIMUM TIME STEP
j .- * SIZE OF'S MINUTES AND ADJUST THE TIME STEP SIZE ~TO KEEP THE MAXIMUM

* RELATIVE CHANGE IN TEMPERATURE NEAR 5 PER CENT OVER A TIME STEP.'

IMPLICIT;.

_ 005005
*

.

[, * EXAMPLE OF OVERRIDING THE DEFAULT AMBIENT TEMPERATURE FOR THE FINAL
* STEADY STATE CALCULATIONS.' =-

d FINAL 130 -

-] -
*

m * APPENDIX Hl.B CONTAINS A MICROFICHE COPY OF THE OUTPUT FOR THIS
d -* PROBLEM WHEN THE REGP DATA CARD IS INCLUDED AND THE DEFAULT REGION
i * PLOTS ARE GENERATED. APPENDIX Hl.B ALSO CONTAINS A MICROFICHE COPY

* OF THE OUTPUT FOR THIS PROBLEM WHEN THE. REGP DATA CARD IS NOT
'

* INCLUDED AND THE ANALYTICAL SEQUENCE IS PERFORMED.
REGP~
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APPENDII H1.A. CONTROL CARDS FOR EXECUTING HTAS1 ON ONE
OF THE OAK RIDGE IBM SYSTEMS.

-

,

. The HTAS1 control module is part of the SCALE system at the computing
at both Oak Ridge National Laboratory (ORNL) and Oak Ridge Gaseouscenters

Diffusion Plant (ORGDP). The code was compiled on the FORTRAN IV H
compiler with an Optimization Enhancement. This appendix

. Extendeddiscusses the job control language (JCL) which is required to run this ver-
-

sion of the HTAS1 control ' module with HEATING 6..
The appendix includes dis-

calculations
cussion on how HTAS1 uses the CPU time limit to terminate the

how to estimate the computer storage requirements for executing HTAS1.
-

and
The Appendix contains examples of the JCL necessary to generate regionIt also contains anplots and temperature profile plots at ORNL and ORODP.
example of the JCL necessary to save the final temperature distribution:4

from .an analytical sequence and to restart an analytical sequence. For
additional information concerning JCL, the user is referred to the CSD
Programmer's Notebook (ref.11).^ ,

ORNL are~ The control cards necessary to use this version of HTAS1 at
'. presented in Fig. H1. A.1. The first and second control cards in Fig.

- H1.A.1 are called the JOB statement and JOBPARM statement, respectively.

field on the JOB statement has a format of UIDYYYYY where UIDThe jobname
is the userid assigned'to the user by Computer Sciences (CS), and the charw,

Theacters YYYYY may be any characters.which make the job name unique.
accounting field (cccco,IOnnnn) consists of the charge number . and I/O

6}[ .h
The field, cococ,'contains a four- or five-digit CS charge number. <

limit.
The I/O limit field, IOnnan, is a keyword parameter in the job accounting

y ' field following the charge number where nann consists of one to four digits
.

for the
7~ specifying the mari=>= number of input / output unit counts allowed

in thousands. The programmer-name field which may consist of up to 20Job
characters contains information such as the user's name and address whichE.

<{ 'is . necessary to route .the job output back to the user. The CPU time limit
field, TI)Ss(minutes, seconds), specifies the maxima amount of time allowedy

f The minutes field consists of zero to four3 - for the analytical sequence.
digits (maxima,- 1440) specifying the mari =>= number of minutes. -The

!q .t
" seconds field consists of zero to two digits (==v1=>=, 59)'specifying the

il
fy maximum number of seconds. ' If seconds are not specified, the parentheses

Ifcan be- omitted and the TIME field will have the form, TIMEssinutes.
1 minutes are- not specified, the TIME field will have the form,it

TIMES (, seconds) . On the JOBPARM statement, the line limit specification,,

for theL :p'
R 9- LINESammm, indicates the maxima number of. printed lines . allowedu

Thewhere amm is one to three digits representing thousands of lines. >

7: job"
third card is called the EXEC statement, and the maximum region require-

L
Q monts ~ for- the job are determined by the REGION =rvvvr field where xxxx
d represents the =mvinn= amount of core in K bytes,
m The control cards necessary to generate region plots on an 11-inch 'M. Versatec . Plotter using this version of. HTAS1 at ORNL are presented in Fig..3 at ORNL by
| 4 [. H1.A.2. Plots may be generated on a 36-inch Versatec plotter

-I omitting the REQs parameter PAPERS 600. Plots may be generated on a CALCOMP
g,4 plotter at ORNL by replacing the REQs parameters XY36. POP, PAPERS 600 withrf
P" - M 'the parameter IC92. POP.

j% *i t-

Hl.A.1
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3
// jobname JOB ( cc ccc , I0nnnn) , ' programmer name ' , TIME = ( minutes , seconds )
//*
//* This JCL Runs the Basic HTAS1 Control Module at ORNL
//*
/*JOBPARM LINES =mma
// STEP 1 EIEC SCALE, REGION.00= n rrr
//GO.SYSIN DD e
#HTAS1
(Enter HTAS1 Input Data Here)

/*

//

.

Fig. H1. A.1. Job control language for executing HTAS1 at ORNL.
.

.

I
1

// jobname JOB ( ccccc ,IOnnnn) , ' programmner name ' , TIMEm ( minutes , seconds )
//*
//* This JCL Runs the Basic HTAS1 Control Module at ORNL,

//* Region Plots Are Generated on an 11-inch Versatec Plotter

} //* .?

i /*JOBPARM LINESamma
j // STEP 1 EXEC SCALE, REGION.G0=rrrrr

f* //GO.SYSIN DD *
#HTAS1
(Enter HTAS1 Input Data Here)m

/*,

.//GO.COMPOUT DD UNIT =IN20U2, DISP =(NEW, KEEP),;.

j // SPACE = ( TRE , ( 5 ,1 ) , RLSE) , DSN=T. uideco co . uidvvvvr
// STEP 2 EIEC SSPREQ,DSN='T.uidcccco.uidervvv''

' // SSP.CATLGDSN DD DISP =(OLD, KEEP),VOL=REF=#. STEP 1.GO.COMPOUT
//EYSIN DD *
REQsIY36 , POP, PAPER =600

,

/*
//

.

Fig. H1.A.2. Job control language for executing HTAS1 at ORNL and
z
j generating region plots on an 11-inch Versatec plotter.
I
h

1
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The control cards necessary to generate a compressed plot file con *
taining temperature profile plots and route the file to the user's PDP-10
area using this version of HTAS1 at ORNL are presented in Fig. H1.A.3 The
field ppppp ppp should be replaced with the user's PDP-10 programer
number. The file is named uidxxx.PCH, where the characters uidxxx are the
first six. characters of the job name. The plot file may be sent from the
user's PDP-10 area to various plotting devices on which the plots are gen-
ersted. The temperature distribution plot data sets written by HEATING 6
for the fire transient calculations and the postfire transient calculations
are written to logical unita 18 and 19, respectively. These logical units
are incorpoi ated into the SCALE procedure and satisfactory default parame-
ters are provided. However, to save either of these data sets for subse-

, uent use by HEATPLOT-S (see Sect. F13), the user can employ the followingq-

DD card. format for storage on one of the semipermanent direct access

'. storage devices at ORNL or ORGDP.

// GO. FTnnF001 DD DSNs T.uidocccc . vvvvve , DISPs ( NEW, CATLG) , UNIT = SPDA

The control cards necessary to use this version of HTASt at ORGDP are
presented in Fig. H1. A.4. The first control card is called the JOB state- |
ment, and the jobname field, jobname, charge number field, ccccc, and
programmer-name field are similar to the corresponding fields on the JOB
statement for ORNL. The second control card is called the CLASS statement.
The CPU time limit field, CPU 95=yyyz, specifies the maximum amount of time
allowed for the analytical. sequence where yyy is one to three digits

..

representing the number of time units and z defines the time units by S for*

) seconds, M for minutes, or H for hours. The line limit specification,
-

LINESmaani indicates the maxiana number of printed lines allowed for the
job.where man is one to three digits representing thousands of lines. The
I/O limit specification I0sann.n, consists of one to three digits specify-

. -ing the maximum number of IO's in thousands with an optional fractional
part representing hundreds of IO's. The region limit for the job is speci-
fied in the REGION =v m r field where xxxx represents the maximum amount of
. core in K bytes. The region requirements must also be entered on the third
control card which is designated as the EXEC statement.

The control cards necessary to generate -region plots on a CALCOMP
plotter using this version of HTAS1 at ORGDP are presented in Fig. H1. A.S.
The control cards necessary to generate temperature profile plots on a CAL-
COMP ' plotter using ,this version of HTAS1 at ORGDP are presented in Fig.
H1.A.6.

The mari-m CPU time allowed for the analytical sequence is entered on
the JCL as indicated above. HTAS1 determines' the amount of CPU time
remaining in the request and passes it to HEATING 6 for each thermal-
analysis in the analytical sequence. HEATING 6 subtracts five seconds from
this specified time as a safety factor. After each iteration or time step,
a check is made by HEATIN06 to determine if the elapsed CPU time exceeds
the specified time. If so, HEATING 6 attempts to complete all of the output
functions and returns to HTAS1 telling it the calculations were terminated,

If the option is active, HTAS1 saves the final temperature
. prematurely. ~ calculated by HEATING 6 and then returns to the SCALE driverdistribution
with a request to terminate the calculations.

. g. . . _y . , _, -- - -

.
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' 3
// jobname JOB ( cccco , I0nnnn) , ' SAVEppppp , pppH ' , TIMES ( minut es , seco nds ) j

//* I

//* This JCL Runs the Basic HTAS1 Control Module at ORNL_-

//* A Compressed Plot File Containing Temperature Profile Plots
//*-is Routed to the User's PDP-10 Area
//*

| /*JOBPARM LINESamme, CARDS =10000
/* ROUTE PUNCH RMT45
// STEP 1 EXEC SCALE,REDION.GOurwwwr
//GO.SYSIN DD e

; #HTAS1
(Enter HTAS1 Input Data Here)

i . /* .

//GO. COMPOUT DD DISPs ( NEW, PASS) , DSNs &&HTAS1 P, UNITS SPDA,
// SPACES (TRK,(5,1),RLSE)
// STEP 2 EXEC PGMmIEBGENER

! //SYSIN DD DUlG(Y
j //STSPRINT DD DUltiY
' - //SYSUT1 DD DSNa&&HTAS1P,DISPs(OLD, DELETE),

// DCBs ( RECFMsFB, LRECLs 80, BLKSIZE= 4000 ),

; - // SYSUT2 DD SYSOUTs S, DCBs ( RECFHs FB. BLKSIZE= 80 , LRECLs 80 )
//

Fig. H1. A.3 Job control language for executing HTAS1 at ORNL' and
storing a compressed plot file containing temperature profile plots in

f}the user's PDP-10 area

i
//jobname JOB (ccccc),' programmer name',.

//*>

//* This JCL Runs the Basic HTAS1 Control Hodule at ORGDP
| //*

[ //* CLASS CPU 95=yyys,LINESamma,IOmann.n,REGIONewwwwr
// STEP 1 EXEC SCALE, REGION.GOsrwwrr*

j //GO.SYSIN DD e
! #HTA31
j (Enter.HTAS1 Input Data Here)

/*;
//

O.
Fig. H1'.A.4. Job controi language for executing HTAS1 at ORGDP

,
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.//jobname JOB'(ccccc),' programmer'name',
-

//*
//* This JCL Runs the Basic HTAS1 Control Module at'ORGDP

' //* Region Plots Are Generated on a CALCOMP Plotter
//*
// * CLASS CPU 95: yyys , LINES uma, I0s nnn. n, REGIONS x1ootK

I// STEP 1 EXEC SCALE, REGION.G0=rrrrr
//GO.SYSIN DD #'

#HTA31
I(Enter HTAS1 Input Data Here)

/*

|
//GO.COMPOUT DD UNITsIN2002,DISPs(NEW, KEEP),
// - SPACES (TRK,(5,1), RLSE),DSNsT.uidoccco.uidvrrrr
// STEP 2 EXEC SSPREQ,DSN= 'T.uidocccc.uidrrrrr'

,
' // SSP.CATLGDSN DD DISPs(OLD, KEEP),VOL REFs'. STEP 1.00.COMPOUT ;;,

.//SYSIN DD #
REQsKC92. POP
/''

. /I.
:

Fig. H1.A.5. Job control language for executing HTAS1 at
ORGDP and generating region plots on a CALCOMP plotter

//jobname JOB (ccccc),' programmer name',
f //*

.
'l. . .//* This JCL Runa the Basic HTAS1 Control Module at ORGDP

~
.

I~ //* Temperature Profile Plots Are Generated on a CALCOMP Plotter
.//*

~
- //*CLAS3 CPU 95:yyys, LINES umm,IOsnna,n,REGIONsvrrrr
// STEP 1 EXEC SCALE, REGION.G0=rrrrr
//00.SYSIN DD #
#HTA31-
(Enter HTA31 Input Data Here)

/*^
//GO.COMPOUT DD UNITsIN2002,DISPs(NEW, KEEP),
// SPACES ( TRK . ( 5 ,1 ) , RLSE ) , DSNs T. uid ccccc . uidrrrrr
// STEP 2 EXEC SSPREQ,DSNs'T.uidococo.uidrrrrr'
// SSP.CATLGDSN DD DISPs(OLD, KEEP),VOLsREF=#. STEP 1.GO.COMPOUT

//SYSIN DD 8
REQsKC92. POP
/*
//

Fig. H1.A.6. Job control language for executing HTAS1 at ORGDP
and generating temperature profile plots on a CALCOMP plotter

, . ,.m : ., . - - -- s.

- - ~ ~ ~ _...s- . . . _ , . _ . _. .._.2 ___n _ , _ _ _ _ , . _ , _ _ _ _ _ _ _. , _ , , , _ . , . _ _ , , _ ,_



'

.

.

|
Hl.A.6

1

-

The REGION requirements for executing aTAS1 vary during the course of -

the calculations with HEATING 6 requiring the largest amount of computer
storage. In . general, each thermal calculation executed on HEATING 6
requires a differont amount of computer storage since the model is subject
to change and since the numerical technique may vary from one calculation
to the next. Usually, the maximum amount of computer storage is required
for a steady-state solution using the direct solution technique. The algo-
rithm to. determine' the amount of computer storage necessary to perform a- i

.Ispecific thermal analysis on HEATING 6 is quite detailed and is tedious to
evaluate. To facilitate the estimation of the REGION size for executing a
problem on HTAS1, an upper bound on the computer storage requirements mayr

| be determined from the equation

f REGION =[[88MAIRFG+28MAIZFG+28MAIFGL

+ (6 + 16MAIPRS)MAITBL + 8MAIPRT + SIZE]/1024 + 387} K bytes
'

where

; MAIRFG = number of radial fine grid lines,
MAIZFG = number of axial fine grid lines,.

- MAIFGL = maximum (MAIRFG,_MAIZFG),
' MAIPRS = aariana number of ordered pairs per tabular function,,

MAITBL = number. of tabular _ functions, .,

MAIPRT = number of printout times.

*

/ SIZE, which is a function of the numerical technique, should be calcu-
'

4 lated for each thermal analysis in the analytical sequence. The largest
. _value should then be used in the above equation. For transient problems

i SIZE = 206 MAIPTS.

For steady-state problems using the direct solution technique,

SIZE = (158 + 8MAIRFG)MAIPTS.
_

_

For steady-state problems using successive overrelaxation,

SIZE = 190MAIPTS.

'All of the parameters in the above equations are calculated by HTAS1,

L:. and passed to HEATING 6. MAIRPG can be determined by summing the number of.
radial increments on each zone data card and adding one. Likewise, MAIZFG.p '
can be determined by suming the number of- axial increments on each zone|-
data card and adding one. An upper bound on MAIPTS can be determined ~as
the product of MAIRPG and MAZZFG. MIPRS, MITBL,' and MIPRT may be used as[
upper bounds for MAIPRS, MAITBL and MAIPRT, respectively. By using the
default values of 20, 21, and 50 for MIPRS, MITBL, and MIPRT~, respectively,
Eq. (H1.A.1) may be further simplified to

REGION =[[88MAIRPG+28MAIZFG+28MAIFGL.

- + SIZE]/1024 + 394}K bytes.

.

h
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If it is anticipated that it will be necessary to restart an
analytical sequence at a later date, the user can instruct HTAS1 to save
its final temperature distribution by entering as the second entry on Card
2 (the one following the Title card) the logical unit number (JTPOUT) on
which the data set will be written. A DD statement describing the output
unit must appear before the

//GO.SYSIN DD e

DD statement. The following DD statement will store the data set on one of
the semipermanent direct access storage devices at either ORNL or ORGDP.

//GO.FTnnF001 DD DSN=T.uidcccco.rrrrrrvr, UNIT =SPDA,
/ / DISP = ( NEW, CATLG) , SPACES ( TRK , ( p pp , ss) , RLSE) ,
// DCB=( RECFM=VBS,BLKSIZE=1061)

The logical unit number must replace the field nn, e.g., 30 for
logical unit number 30. In the DSN field cocco must be replaced by a valid
computer charge number (if the charge number is less than five digits,
zeros must be used on the left to pad it to five digits), and the field
vrrrrvtx must be replaced by up to eight alphanumeric characters chosen by
the user'to make the data set name unique (the first must be alphabetic or

national, i.e., e, f, $). In the SPACE operand, the field ppp must be
replaced by one to three digits indicating the primary allocation of space
in tracks, and the field as must be replaced by one or two digits

{'
indicating the secondary allocation of space in tracks. In the majority of
cases, ppp can be 5 and as can be 1.

A data set containing the final temperature distribution from a
previous execution of HTAS1 may be used to restart an analytical sequence
as long as the nodal configuration from the two cases is compatible. One
must instmot HTAS1 to read this initial temperature distribution by
entering as the first entry on Card 2 (the one following the Title card)
the logical unit number (JTPIN) from which the data set containing these
temperatures will be read. A DD statement describing the input unit must
appear before the

//GO.STSIN DD e

DD statement. If the data set wa's cataloged when it was created as
,

indicated in the example given above, the following DD statement can be
used to identify it.

//GO.FTunF001 DD DISP =SHR,DSN=T.uidcccco.rrrrrrrr

where the logical unit number must replace the field nn, e.g., 31 for
logical unit 31, and the DSN field T.uidccccc.rrrrrrrr must be the data set
name containing the temperature distribution as created during a previous
execution of HTAS1.

If the user creates a data set on one of the semipermanent direct
storage devices at either ORNL or ORGDP, it must satisfy the namingaccess

,7 n . .. - . .
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conventions as discussed in the example given above, it must be cataloged
, as indicated in the example, and it must not exceed 180 tracks of space.

The data set will be retained for a short period of time based on the
number of tracks of space allocated to it as indicated in the Table H1. A.1
(ref. 11). The data sets will be automatically deleted at the end of the
retention period.

'

.

Table H1. A.1. SPDA Retention Times.:

.

'. Data Set Size Maximum
in 3330 Tracks Retention Time*

.

>180 tracks NOT ALLOWED
_: .121-180 tracks 1 week

*

81-120 tracks 2 weeks
41-80 tracks 3 weeks'

16-40 tracks 4 weeks-

* 1-15 tracks 5 weeks

:
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AP'PENDIX H1.B

MICROFICHE OF COMPLETE OUTPUT FROM
HTAS1 FOR SAMPLE PROBLEMS

Microfiche of the complete output from HTAS1 for all the sample
problems are located at the end of the Appendices. Two microfiche are
provided for the second sample probles. The microfiche labeled Sample

Problem 2a contains . output from the second sample problem when region plots
are generated. The microfiche labeled Sample Problem 2b contains output
from the second sample problem when the analytical sequence is performed.

.- w
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' F1.5. INPUT INSTRUCTIONS
.

.. The input to BONAMI-S uses the FIDO schemes described in Sect. M10.

Bleak 1
_.

0$ Logical Unit Assignments [4]"

1, MMT - input master library (Default = 23)
-

2. MWT - scratch for Bondarenko factors (Default = 24)

; 3. MSc - scratch device (Default = 18)
= i
- 4. NEW - output master library (Default = 22)

1$ Case Description [6]

1. IGR - geomdr-ry i 0 homogeneous

. I slab
>

| 2 cylinder

i s 3 sphere

f 2. IZM - number of zones or material regions

[ 3. MS - mixing table length. This is the total number of entries
- needed to describe the concentrations of all constituents
-

in all mixtures in the problem.

-

4. IBL - cross section edit option (0/1 - no/yes)
3

L

j_ 5. IBR - Bondarenko factor edit option (0/1 - no/yes)

Z 6. ISSOPT - Dancoff factor
7
.

_

ISSOPT Ootion

0 or 1000 Homogeneousce = 0.0
k 1 or 1001 Cylindrical Cell (Sauer's Method)
-

' Hex Lattice
2 or 1002 Cylindrical Cell (Sauer's Method)

- Square Lattice'

I- 3 or 1003 Symnaetric Slab Cell
:

4 or 1004 Asymmetric Slab Cell-

'

_

5 or 1005 Isolated Lump (Dancoff = 0.0)=
_

)

-

- ^

-

_

M

.

Z
- - - - - _ _ - _ . _ _ - _ _ _ . _ _ _ _ _ _ _ - _ . _ _ --. . _ _ _ _ _ _ _ _ _ _ _ - . _ . _ _ _ _ _ _ _ _ __ __ . - _ _ _ _ _ _ _ _ _
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3

6 or 1006 Cylindrical Cell (Bell Approximation)
7 or 1007 Symmetric Slab Cell (Bell Approximation)
8 or 1008 Cylindrical Cell (Sauer's Method)

Hex Lattice w/ clad
9 or 1009 Cylindrical Cel-1 (Sauer's Method)

Square Lattice w/ clad'

i Note that when ISSOFT > 1000, the code will use potential scattering
values and willvalues in place of total cross section in determining og,

not iterate..

'

8 2* Floating Point Constants [2]

1. EPS - convergence criteria for the Bondarenko iteration (Default
0.001) |

,

j =

i 2. A --geometrical escape probability adjustment factor. See notes
; below on this parameter. (Default = 0.0)
i

T Terminate Data Block 1.
*

Data Block 2

3$ Mixture numbers in the mixing table [MS]
4

'! - ,\:
e

' 4$ Component (nuclide) identifiers in the mixing table [MS) 9(b/

5* ' concentrations (atoms / barn-cm) in the mixing table [MS]
,

6$ Mixtures by zone [IZM]
1

7* Outer radii (cm) by zone [IZM]

) 8* Temperature (K) by zone [IZM]
]

9* Extra cross section (cm-l) by zone [IZM]
f

e

10$ New identifier for components in the mixing table [MS] 1

.11$ Zone type identifiers 0 - fuel zone
-

,s

j 1 - moderstor zone
1

), 2 - cladding zone

- 12* Temperature (K) of the nuclide in a one-to-one correspondence
.

with the mixing table arrays.

T Terminate Data Block 2 _.

|
! This concludes the input data required by BONAMI-S. . },'-

.

t

,

t

4

0
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/ F2.4.3 y'

i+,
'

6 d

1. MMT identifications for nuclides from the master library on N1.
'

t

2. MWT idertifications for nuclides from the workigg/ weighted
library on N2.

,

ET identifice fons for nuclides from\ the working / weighted3.
(Library s

on N3 ,t

.

Within each groirp, the identifications can be in any order.
t o ')

A facility is provided for creating duplicate sets for a darticular
nuclide. c for example, a resonance nuclide might occur in'different3-

compositions, thereby requiring different resonance calculationse, %
new set, place a unique negative number in the identificattor.create a

string af ter the nuclide's' identification which is to be duplicated. As
many sets ' as needed can be had, merely by stringing out nsgative
numbers. All subsequent references to the new sets of data thould use a
positive identification. The values MMT, MWT, and MIT must be in-
creased to reflect the inclusion of these sets.

3* Resonance Data [ IRES *15] (IRES >0)
!

I For each resonance calculation,15 items are required. 12ese block:

p'? of data are placed, one set after the other, in any order in the 3*1

array. Note that only one 3* array is input. Rsr.onance calculations
g

only be perforded on resonance nuclides free :a master library. Thecan
4,4F 15 items are: ,

,' i 1. Nuclide'stidentificatica number.'
#

1 -

5- 2. Temperature (K). [

3. Geometry for Nordheim treatment

-

0-homodneous,
t >

1 - slb.1,a,'l j
.

#'
2 - cylindrical,'

3

3 ' spherical. .

'

a s-
g

.

4.- Absorber lump dimension in centimeters; i.e., the thickness of
I the slab or radius of a sphere or cylinder. A zero is used 4cr

'L'' the homogeneous case. , '

5. Dancoff correction factor. This icetor corrects for shadowing ;
z
' effects due to the presence of other absorber lumps (e.g., fuel j

elements) in the neighborhood of the lump being calculated. It t

' is zero for the homogeneous and the one lump case.

/ ;

- .

-- - - . _ _ . - - - - . _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ , _ _ _ _ _ , __ _ __ __
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F2.4.4 Corrected 12/84

)

(o,)g, the ef fective moderator cross section per absorber atom. ]- 6.
'

(o ) = op +o +o
i m eff o m e

.

" where
_

4 = ab'sarber potential scattering cross section (frequently:- a
p psed values can be found in Table FS.D.5),.i o

, ,

_

c, , =' moderator cross section per absorber atom,'

-

4 1
- .o = effective escape cross section =

__LNa~
'

e
-

.
r

T = mean cbord length in the lump. The factor, [, is a
- .[functi'on of the geometry and can be determined
g ' analytically for simple geometries. Monte Carlo routines-

-

: 'are available which allow its calculation for complicated
-

; geometries.

f\iw 3
' This cross getion is only used in the unresolved calculation''

.

and does not effect the Nordheim treatment.
7
- 7. N,, absorber nuniber density in the lump.
-
-

; '

8. Treatment of absorber's contribution to the collision density.,'t
4, 3_ --

- ..

1 , +
! 1 - Nordheim integral method.

--

'

._
2 - narrow resonance approximation.

& .

!

3 - inftaite mass approximation.-

[..
( ,; *.

_ g
g V 9. Atomic mass of the first moderator in. the lump. The resonance=

_" i 'h routines'have provisions for treating two moderators.
..

,\ s

o, , first moderator scattering cross section per absorber atom.Ii 10.
/ )

= N ' o, (nodarator 1)/N,,
'

s o,3 g

i
_

where N is the number density of the first moderator.
g

r ;
- 11. Treatment of the first not.arator's contribution to the collision

g '

j density.
i 3

-

! O - no first moderator. ,

1
.,

_
"- 1 - Nordheim's integral meth'od.
- ,

- .

E_- . .|
2 - asymptotic approximac(ion.

.

_ r.

'

? t
--- 12. Atomic mass of the second modezh:or in the lump.

.}U '

m_ 13 3c[:,(thesecondmoderatorsca'f;eringcrosssectionper absorber
'

_ -

-
' ~ atom.

b
i |, .
4 1/,

- ,m-

_"_"
,-[i h ,

. f .> - _ _ . .. . _ _ _ ~ , _ , , . . , . , , .

. . - -

' . ~,
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'F3.12.5

MT- Description

719 (n.p,') cross section for continuum'specifically not included in a total (redundant,
used for describing outgoing proton)

720 (n,do) cross section for ground state

(n,d ) cross section for 1st excited state721 t

722 (n.da) cross section for 2nd excited state
.

.

.

738 (n.d,) cross section for continuum excited state

739 (n,d,') cross section for continuum specifically not included in a total (redundant,
used for describing outgoing deuteron)

740- (n,to) cross section for ground state
.

(n,t ) cross section for ist excited state '
741 i

~ (n,t ) cross section for 2nd excited state742 2

'
.

.

.. ..,

750- (n,t,) cross section for continuum excited state

759' (n,t,') cross section for continuum specifically not included in a a total (redundant,
used for describing outgoing triton)

760 (n,3He ) cross section for ground stateo

761 (n,3Nei) cross section for ist excited state

.

>
. .

.

778 ' (n,3He,) cross section for continuum ;

..779~ . (n,3He,) cross section for continuum specifically not included in a total (redundant,
3used for descriising outgoing He) -*

- (n,a ) cross section for ground state. 780 n

781 (n.ai) cross section for ist excited state
'

.

.

(

, . .

796' (n,a,) cross section for continuum
.

. .

i

w e , ~ -+. *-n-e =, < t ~ " '

w .n. - , n -
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F3.12.6

Corrected 12/84

)

,MT Description

799 (n a/) cross section for continuum specifically not included in ar (redundant, used to
describe outgoing a)

800-999 (to be assigned)
,

!

i The following processes are not 'ENDF/B" peccesses but may be added by various preprocessing
codes in the SCALE and/or AMPX systems.4

1000 transport cross section based on the outscatter approximation. See Section F3.2.30;
1001 transport cross section based on the inscatter approximation. See Section F3.2.30.

f. 1007 Thermal scattering matrix

| 1008 E!astic part of thermal scattering matrix

1018 Fission spectrum'

1021 These data, which are generated by a preprocessing code for resonance nuclides, are
the " bodies * of the t = 0 resonances for the (n,y) reaction, weighted over some
specified weighting op'. ion which is usually 1/E is the resonance region. (The " body"
of a resonance is the energy range over *vhich tla Nordheim integral treadnent is
used in the NITAWL module to calculate resonanc;* Self-shicided data.) When a-.

resonance calculation is not_ specified for a resonance n2:lide in NITAWL, the MT
= 1021 and MT = 102 data on the master library art. summed and identified as the O

V
l (n,y) cross section - MT 102 data - in any cross-section library produced by
j NITAWL. (Note that when a 1/E weighting function is used in the resonance range

' in XLACS-2, the sum of the MT = 1021 and MT = 102 data are, by definition, the
infinite dilution cross sections.) When a resonance calculation i triggered in
NITAWL, the MT = 1021 data are not used

j 1022 Fission " body" of the t = 0 resonance data which is analogous to the MT = 1021
1 data
n
i 1023 Elastic scattering " body" of the f = 0 resonance data which is analogous to the MT
j = 1021 data

.

1099 Group integral of the weight function

i 1452 Product of v times the fission cross section
1
j 15D0-1501 Same as 1000,1001 except for gamma-ray cross sections

1527 Gamma-ray energy absorption coefficient factors.

) The various sets of dose conversion factors and their corresponding MT numbers can be found in |
'

4 Table F4.4.1.
-(

i
i

)

: ~

.

..

4

K

.
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a /mn
Card J: Format (A6.15.15.15)

a. The word BLOCK.
l.m.n: Each block is located in the zone by three integers: 1, m, and n. These specify the
block us being the Ah in the X direction, the mth in the Y direction, and the nth in the Z
direction, within the given zone. The integers I. m, and n run from I to the maximum
number of blocks in each direction.

a b

Card K: Format [Al2,10(15.AI)]
a. The word MEDIA.
b. A list of the media, sector by sector, in the block. As with other lists, a comma in the Al

field indicates that the list continues; its termination is indicated by the absence of the
Comma.

Card (s) K': Format [12(15.AI)]
'

The continuation if required, of the medium list.

'

a b

Card L: Format [Al2.10(IS.Al)]t

i a. The word SURFACES.

Q b. A list of the quadric surfaces appearing in the block. Commas in the Al field indicate that
- 4/ the list continues; a blank indicates the end of the list. The numbers appearing in this list

derive from the order in which the surfaces are mathematically described on card R which

. will be described later in the input.

J Cards L: Format [12(IS,Al)]
|

The continuation, if needed, of the list begun on card L

I'
j a b
: ~~

Card M: Format (A4.A2.2213i913)-

a. The word SECTOR.

,
b. The designation of each sector with reference to its position relative to the quadric surfaces.

For every sector in the block there must be a card M, which will have as many references as3
' there are surfaces in the block. The status of the sector is listed according to the following
#

key:
4

.

+1: The rector is on the positive side of th:- surface.

,1 -1: The sector is on the negative side of the surface.

'4 0: The surface is not needed in the definition of the sector. The order in which each
reference to a quadric surface appears on each card M must correspond to the order in.

which the quadric surfaces are listed on card L-

If there is only one sector in a block. cards L and M should be omitted.
.

D

#

~e
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FS.B.4

')a

Card Q: Format (IS,II A6)
a. The total number of quadric surfaces in the entire system. The alphabetic data in the A6

fields is ignored by the code.

a b c
Card R: Format [4(E10.5,A5,AI)]

j Each quadric surface is described by writing the quadratic function whose zeros define the
surface, in a fixed field format resembling the normal manner of writing functions. Each term in the.,

j function is specified by:

} a. The coefficient of the term.
i- b. May be XSQ, YSQ, ZSQ (used for x , y*, and z ), XZ. YX, YZ, XY, ZX, ZY, X, Y, Z. or2 2

i bbnk.
e c. A nonblank character in this field indicates the end of the function. The next function must
- start on a new card.

1

i

4

I

-

4

l
!
.

1

4

,

1 . .

I
?

k

l
:

l
?
'

s

j.

i . @
~!
i

i
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F6.4.5

n l

The nuclides of class 4 include light elements which are not
updated.. As in the case of class 2, the cross sections applied are

La function of_ THERM, RES.and FAST. Normally, ,the user specifies
-that :these factors be computed from the flux pertaining' to one of
the fuel nuclides.--Thus, with ~either type of weighting. option,
results calculated for nuclides of class 4 reflect this inconsistency..
Additionally, the differences given above for nuclides in class 3
apply similarly to class 4.

. - A few- primary conclusions may be derived from the above
!. -discussion. . Cell weighting .when generally applied to updating all,

more consistent or correcttypes of nuclides, appears to produce
results in ORIGEN-S cases than those produced from the_ region
weighting ~ option.- Rowever, when the objective is mainly the'

updating an.d computation of fuel and fission product nuclides, with
; no calculations required for light elements, there are essentially

_ minor or no differences in the results of the important nuclides due
.

to the selection of type of weighting. Since most _of the cross
sections in the Card Image Library of _0RIGEN-S and ORIGEN were taken

_from student references such as BNL-325, except for those computed*

from a fuel-pin lattice cell calculation, these are zone weighted
.

.

cross sections according to the above definitions.

8. . The LMFBR type of library 'may be updated properly with. COUPLE. The. .

a

3 Card Image Library for the LMFBR applies a difference rule: THEEM,
RES and FAST are set to "1.0". COUPLE maintains this rule. Cross

J
d h sections which are . updated in producing the AMPX Weighted Library

f are updated in-the ORIGEN-S Binary Library, while all others remain
-unchanged.

,;

4 .F6.4.3 OTHER NUCLEAR MTA UPMTING

- The updating capability of COUPLE is complete, in the respect that
? _

any - data or value in any ORIGEN-S Binary Library may be changed through
the use of card input; (see Data Blocks. 6-9 of input description,-

a Subsection F6.5).: These- features are briefly presented in the

< fallowing:
y
y, - [1. : Any . nontransition " nuclear data" may be updated. 'These. data are
4 defined with their " code variable names": '
N
3 DIS - Total decay constant.

>

W .

[- Q - Total decay energy released (MeV).

'3 FG - Fraction of energy Q from photon emission.
b
rA
C' T AMPC - Radioactive concentration inhalation guide value, RCG,.
,0

- f WMPC - Radioactive concentration ingestion guide value, RCG,.
-;u-

!

_ .- . _ _. ,
.
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ABUND - Atom percent abundance of a naturally occurring isotope.
I

2. Photons / disintegration spectra of any nuclide in the photon energy
group structure of the library may be updated. (However, a more
automatic update from the Master Photon Library is done by ORIGDI-S.)

3 Neutron reaction cross sections of any nuclide for any transition
may be updated by card input. Any neutron reaction is permitted,
since the type of reaction is simply denoted by input of the target
and product nuclides. Also, nonfission removal and fission cross ,,
sections may be updated by card input.

4. Fission yield data may be updated indirectly by using the yield
fraction of the fission product times the fission cross section of
the fissile nuclide as an updated transition. (A separate updating
code may be more efficient for processing a complete update of
fission yields.)

5. The user -may substitute the fission yield data of one fissile
isotope for that of another which has no yield data. While these
yield data may not be correct, it may be an improvement over the
alternative that effectively means all yields are zero for the
isotope; and the substitution may, at least, produce more
conservative results. This option may be requested when updating by

', card input, here, or in the " computed cross section updating" using
an AMPI Weighted Library. ]

6. Decay tonstants and branching fractions may be updated. The product
of branching fraction and proper decay constant is simply input for
the proper transition between two nuclides to produce the branching
fraction updating.

:

;

- .

T

4

4

' e

9
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F6.5.13

Since cross sections and decay constants can be updated elsewhere,
this array allows the change of all other nuclide data except: the
prompt spectra applied during spontaneous fission; and separate
v-values, which are updated only from those in the AMPX Weighted
Working Library. The updated " nuclear data" is entered in arrays
46$ through 50*, as needed.

13$ Array - Number of fissile nuclides for which substituted fission
product yield distributions are added to library. New yield data for
nuclides already having yields is entered in Arrays 71$ through 73*. (1
entry)

NFISM - Number of nuclides for which the substitution mode of using
" approximate" yield data is requested (0).

Also, requires data in 71$, 72$ and 73* Arrays.

15$ Array - Number of nuclides in the library for which neutron
reaction cross sections are to be updated (3 entries).

LBU - Number of updated nuclides, by library (0).

1. Number in Light Element Library.

'2. Number in Actinide Library. -

;

h 3. Number in Fission Product Library, plus number of fission cross
' sections, plus number of fissile nuclide to fission product nuclide

reaction transitions, plus NFISM (13$ Array).

The cross section data are entered in the 71$, 72$ and 73* Arrays, with
|

all fission reactions entered at the end.

I 16$ Array - Number of nuclides in library for which decay transition
|

constants (radioactive half lives) are to be updated (3 entries).

LBR - Number of updated nuclides, by library (0).

| I. Number in Light Element Library.

2. Number in Actinide Library.

3. Number in Fission Product Library.

is half-life inThe radioactive decay constants, in(2)/Th (where Th
in seconds), and nuclides are entered in 81$, 82$ and 83* Arrays.
(Also, see note on DIS in 47* Array).

T - Data Block 6 terminator.

'

n,
'

. . .

%
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_.

Data Block 7. - New " Nuclear Data" (Nontransitions), required if LBB
'

= non-zero in 12$ Array. The entire Data Block 7, including the "T" must
be repeated for each nuclide; or, number of trimes that Data Block 7 is
included -in data equals LBB(1) + LBB(2) + LBB(3).

- 46$ Array - Nuclide definition (2 entries).

1. NUP - Nuclide ID Number.

2. LIB - Library containing nuclide.

1, for Light Element Library.

2, for Actinide Library.

3, for Fission Product Library.

Order of the data blocks for updating more than one nuclide requires
successive values of LIB to never decrease, i.e., all for LIB = 1 in

a group, etc. No special order is required of Nuclide ID Nos. within
the library group.

47' Array - Nontransition Nucisar Data of Nuclide (8 entries).

1. DIS - Total decay constant. (Note, that updating a transition
constant to a daughter nuclide in Data Block 9 causes

."
= ;

the code to change DIS, the total decay constant of the
parent nuclide, by the same amount. In such instances,
do.not change DIS here. It is necessary to update DIS

. only . during certain types of data corrections, such as
the case when the daughter is missing from the library.)

2. Q - Total energy released by decay as recoverable heat, in MeV.

3. FG - Fraction'of energy Q that is from y-rays (or X-rays).

-4. AMPC - Radioactivity concentration inhalation guide, RCG,.

5. WMPC - Radioactivity concentration ingestion guide, RCG,.

' (Entry 6 applies to Light Elements, only.)
u

6.. ABUND - Percent abundance of a naturally occurring isotope.

7. Not used presently.

8. . Not used presently.

For each of these 8 entries the default is the "old" library value. Thus,
skip ~(with "Ai" to the ith entry) to entries wanted. If a "O.0" is

entered, it changes value to 0.0.
i

.
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ABSTRACT
,

!

ORIGEN-S computes time-dependent concentrations and source terms of a large number of

isotopes, which are simultaneously generated or depleted through neutronic transmutation, fission.

radicactive decay, input feed rates and physical or chemical removal rates. The calculations may

pertain to fuel irradiation within nuclear reactors, or the storage, management, transportation or

subsequent chemical processing of removed fuel elements. The matrix exponentialexpansion model

of the ORIGEN code is unaltered in ORIGEN-S. Essentially all features of ORIGEN were retained.

expanded or supplemented within new computations.
;

l The primary objective of ORIGEN-S. as requested by the Nuclear Regulatory Commission, is

that the calculations may utilize the multi. energy-group cross sections from any curr ntly processed

standardized ENDFiB data base. This purpose has been implemented through the prior execution
,

of codes within either the SCALE System or the AMPX System. developed at the Oak Ridge*

National Laboratory. These codes compute flux-weighted cross sections, simulating conditions

within any given reactor fuel assembly, and convert the data into a library that can be input to

ORIGEN-S. Time-dependent libraries may be produced, reflecting fuel composition variations

during irradiation. Some of the other objectives included in ORIGEN S are: the convenience of

free-form input; the flexible dimensioning of storage to avoid si7e restrictions on libraries or

.

pt olems; the computation of gamma source spectra in any requested energy-group-structure.

I applying a more complete standardized data base; the determination of neutron absorption rates for

all nuclides; and the integration of fission product energies and sources over any decay interval. by'

applying the Volterra multiplicative integral method.'

Presented in the document are: detailed and condensed input instructions, model theory,

features available, range of applicability, brief subroutine descriptions, sample input, and 1/O'

t requirements. The present revisions to this document reflect two major modifications to the code,i
l The computation of neutron source spectra, as used in the SAS2 control module, has been added.
e

Also, the calculation of neutron source strengths has been significantly improved. The other major*

change is the addition to the types of data that may be saved for later use. These data can be input

and used by PLORIGEN (Section FI5), a new code for plotting ORIGEN-S results.
'

ORIGEN-S is a functional module in the SCALE system 'and will be one of the modules ,

,

invoked in the SAS2 control module, presently being developed, or may be applied as a " stand
,

.

alone* program. It can be used in nuclear reactor and processing plant design studies, radiation

safety analyses, and environmental assessments.

.
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F7.2.27

F7.2.8 Neutree Searce Strengths and Sym:tra

The neutron source computed by ORIGEN-S includes that produced from both spontaneous fis-

sion and (a,n) reactaons of heavy nuchdes.

The major part of ~the neutron source is produced from spontaneous fission of the heavy

-nelmis= Data required to compute the neutros production rate from this process include the spon-

tassous fission half-life, the average neutroa yield per spontaneous fission, y,f, and the concentra-

tion for each contributing nachde. Spontaneous riesion halflives for the more significant nuchdes

are thoes from the updated 22 ORIGEN-S card-image actinide nuc!-ar data library (Sect. M6).
'

These half-lives are taken from ENSDF'2 33 and from Kocher's recent compilation of decay data,24

both of which contain evaluated measured data. For several less important nuclides, unmeasured
4 ,;

half-lives are taken from Ref. 25. These data were estimated with a correlation between measured

data and socalled russility parameters.2e The a,f data are taken from Ref. 25. Measured values

are availabic for 21 nuclides, including the most significant. An equation, derived s to compute r,f,2

produces values which are within two experimental et=arlard deviations for all except three nuclides.

- This equation is apphed for nuclides tisat do not have measured data. -

t
O(a n) and sO(adi) reactions in the UO andi

].
A significant neutros source is produced froan '7 2

,| other oxygen compounds of the spent fuel. This target cross ==renana for these reactions and alpha -'

stopping power data may be apphed to compute neutros yields of the fuel matenal.

of thin target crees sections for the '7O(a,n) and '80(a,n) reactions producedMeasurements 22

f' '. .
t over earlier data.27.as Additionally, thick target energy darmarlaat (a,n) yields for.i

-

2soUmarO were coniputed,22 having ==th==tari accuracass withis 10%. ORIGEN-S applies these

i yield data from Ref. 22 to weghted energy averages of alpha energy-intensity data * of all nachdas
2

::
2Pu and "Bk, which have very small alpha branching frac-except for those reported for 2n*Bi, 245

;
' ' tions. Decay constants and alpha decay branching fractions are required to compute the (a.n)

..

source. The decay constaats are provided directly from the ORIGEN-S I.ibrary. However, since

f alpha decay branching fractions are not suppbed directly froat an ORIGEN S Library, the data are

provided in the Block Data COMMON /SPECDT/. The data were copied from the current version,
,

(updated in 1981-1982) of the ORIGEN-S card image nuclear data library (Sect. M6). Also,
t

![ since alpha energies are not expbcitly included in ORIGEN-S libraries, the weighted averages of

r! tbs most current (1981) ovaluatice are also supplied in COMMON /SPECDT/. All of the2d

nuclide yields and ===aciated data can be edited during the execution.'

_
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)
#

The isotopes 242Cm and **Cm characteristically produce all except a few percent of the sponta-2

neous fission and (a.n) neutron source in spent PWR fuel over a 10-year decay time. The next

largest contribution is usually from the (a,n) reactma of alphas from 23sPu, which is approximately .

I to 2% of the source. Neutron energy spectra of both the spontaneous rission and (a,n) reactions

have bc deteramed for the curium isotopes ." and mp,,31 The measured spontaneous fission2s 2
.z

neutron spectrum of **Cm was found to be quite ==dar to that from 23sU and 2522 Cf. Thus, the*

j spectrum for Cm was computed ' from these measurements. The (a,n) neutron spectra were242 2

32I determined by extrapolatmg the neutron spectrum from Po-a-O source measurement: to the alpha
>

energus of 242Cm, 2**Cm, and amp,, The energy distribution of the spontaneous fission neutron I,i

242Cm and 2**Cm described above, using the calculated j; spectrum is computed from the spectra for

i concentrations of those two isotopes. This spectrum is then renormahzed to include the total neu- !
,

,

tron source from all spontaneously fissionmg isotopes. A similar calculation, using the data for all I

three isotopes, is performed for the (a.n) neutron spectrum. The spectra are collapsed from the'

i '
' energy-group-structure of the data to either the group-structure input or that of the SCALE library

specired by input. The procedure assumes uniform distribution within each group and simply sums
,

# ' the quantities based upon energy fractions comunca to both groups in the two group-structures.

The total neutros source spectrum is then computed as the sum of the spontaneous fission and (a,n) | 'h
spectra. .

I
i
..

4

--4,
?

2

1

$ .

,

i

r

[
<
1
i

b

d

.

._

' *
:.- .

'

,

e

F }. W e M ye8 '+ * * * . . #WV V y ei =vt y*e - W*ye = 6
9

e

* e



. z
'

.

P 33 Revised 12/84

'

' f. cubic meters of air containing nuclide quantity to produce demity equal to Radiation

Concentration Guide (RCG) limit for air ''

: g. cubic meters of water to equal RCG for water.''

h. neutron sources from a. n reaction.
- i. : neutron sources from spontaneous fission.

J.- - total gamma source spectra in photons /sec. MeV/sec. or MeV/ watt-sec of burnup.

. k. sentros sourcs spectra from e,a plus spontaneous fission in aestroas/sec. g

15 iln general, only tables in the units specified are listed and these are divided into only those

groups (see 11.) selected. These may be listed by either nuclide or element. Quantities*

. below the cut-off for the unit may be deleted.

. 16. The gamma photon release rate spectra may be computed using three different photont '.
j ,

constant data bases. The most recent data base" has improved quality and can be

periodically updated.
,

17. - An energy group structure may be input for producing gamma source spectra. The sources

may be punched or saved as an output file. The sources from the three libraries or groups

- (sec !1.) may be combined.

,j : 18. ( The photon data base in the " nuclear data library" may be updated from improved -

. constants in the other data bases.

y Ll9. Principal photon sources, by nuclide, mty be listed by energy group from the fission
products. The percent of source used to select nuclides may be controlled by input.

*
.

. A computation model"- has been applied to the fission products which produces both?p' 20.
~ time-dependent decay concentrations and their time integral over the time step.

21. - Starting concentrations may be punched. Also the totals of many of the tables listed may
.I be punched.

22. ~All concentrations (3-atoms) at any or all time steps may' he saved on a binary tape. A
.

-'
' restart feature allows a case to start with any of the saved values.

31 23. The core storage required for executing thE program automatically expands and contracts-

to fit the problem.'

h
.24. . All input data, normauy punched on cards, may be input from a binary written'

E -- interface . allowing easy recycle into and out of the program.
n-
! 25.1 The removable thermal energy per fission, which is dependent on time and concentration.

is computed for each time step by default. Also, an input optica allows users to select 200
.

MeV/ fission.
.

' 26. There is a table of contents of page numbers starting each subcase.y
.#

,af&
\
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)27. Substantially improved data have been applied in calculating neutron sources, along with

new models for a,n reactions and the energy-dependent neutron spectra (Sect. F7.2.8).

A version of ORIGEN-S was modified by Williams" te perform the " adjoint" computation.

The code. named ORIGEN-A, is used for sensitivity analyses, determining the importance of the

uncertainty of one nuclidei cross section upon the uncertainty in the ORIGEN-S model

computation of the concentration of another nuclide,

i
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e

[ ' F7.4. RANGE OF APPLICABILITY AND DISCUSSION OF UNCERTAINTY

There are two main sources of uncertainty in the results computed by ORIGEN-S. One of thesc

. sources arises from the nature of the techniques for removing transition matrix elements that have
.

: absolute magnitudes greater than the prescribed matrix norm. The other d,:viation in the computed

concentrations is from the uncertainties in the data base, i.e., from cross sections, decay constants'

~ and branching ratios.

The computation of discharged material inventories from reactors is probably the primaryj
function of ORIGEN-S. This function includes predictions of various properties and radiation

I sources during cooling periods of the reactor discharge, both in storage or within chemical

processing stages. Therefore. discussion is directed towards the effect of uncertainties in results with -

regard to these intended applications.a

I
'In discussing the. first source of uncertainty. we recall the theory in subsections F7.2.2 and

F7.2.3. In the chain A - B - C, where A and C are long-lived nuclides and B is short-lived or the

" queue of short-lived nuclides." B is removed from the chain and the reduced matrix contains an

adjusted value in the ' element for A. Also, the "beginning-of-interval" concentration of C is
augmented to properly reflect its increase due to B. The assumptions applied in the algorithm

produce only approximately correct results. However, calculations from this method asymptotically

. approach the true values if smaller time' intervals are used for the same time period, or as the
,

.

computation progresses over longer time periods. In cases involving an irradiation period of one
' month to three years for an LWR. it becomes necessary, or more appropriate. to apply at least ten

[ time steps to the period. This method usually applies properly to thermal flux levels of 10" to 10"

! neutrons per cm'.-sec. Such values of the flux level should not be regarded exactly as the upper limit

for ten time steps. If higher flux levels are applied. the users should compare answers of cases in
.

which the number of time steps are doubled, or more, and determine for themselves the condition
]'

h- . for computing acceptable accuracies. Us'ually the uncertainties of the major isotopes are of primary

d. importance, while there is less significance in others that are produced in trace quantities. A " sense

'| of proportion" should be applied in establishing the proper set-up of the problem. Thus, the model
...g.. . .

.

]
uncertainty should be compared with that produced from the data base, as discussed below. Early in

4 the decay period the isotopic distribution tends to have a more rapid decrease in some of the

isotopes that had reached a generation-decay-equilibrium during irradiation. l_ater the distribution is.)4 ,
dominated with'the asymptotic build-up of stab'le and long-lived nuclides. Thus, the accuracy in the

, .

f
ML

calculated isotopic distribution increases with decay time.~ lt has been found to be effective to start

the decay period with a week or month time step and increase each interval size by no more than a?

$1- factor of 3.

)[[ Probably the largest inaccuracy in the results for most nuclides stems from uncertainties in the

' cross-section data. There are three factors which contribute to this uncertainty: (1) the standard*

deviations in the ' measurements of the cross sections: (2)' computational approximations in the

. .

' '
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T
processing of cross sections for the representative conditions of the reactor; and (3) the fact that the >

time linearity assumption of the ORIGEN-S model is not completely valid. The experimental data is

continually being improved. In addition to the initial libraries by Bell.' there have been improved

libraries produced at ORNL through projects by Croff.et al.2o(for the LWR fueled with U and Pu).

and by Williams and Raman ' (for the EBR-II) and various others. The SAS2 and SAS3 Control2

Modules in the SCALE System apply a model which simulates reactor conditions in producing cross

sections and allows a large number of time-dependent libraries to be used by ORIGEN-S. allin a

- single computer job. The cross-section uncertainty due to factors (1) and (2) clearly dominates the

error source in comparison to that from the model in factor (3) for typical reactor cases.

A large quantity of data other than cross sections is contained in the " nuclear data libraries."*

Considerations pertinent to this data are listed.*

1. The calculation can require a large amount of fission product yield data. The yields differ

for each fissile isotope. Also, yields are available to ORIGEN-S for only five fissile nuclides

per reactor library as seen in the table is Subsection F7.6.3. The user should be aware that

no fission products will be contributed by other fissile nuclides. Also, for a flux exposure of

a small fraction of a second, the fission product energy release computed during the _first

few seconds of cooling is significantly smaller than the experimentally observed value. This

may reflect difficulties in measuring yields of short-lived nuclides that are near the

beginning of the chain.

k2. The gamma source spectra have been greatly improved from that produced by the initial
,

| libraries, first by applying the ENDF/B-IV data, and recently, by applying the Master

Photon Library."'"

3. Caution is required in decay cases starting with a single nuclide A. in the chain discussed

above, since the decay constant ratios may be such that daughters of C are overpredicted.
{

'

i 4. Since ORIGEN-S is a " point model" code, the computed k-infinities can be n.uch less

accurate than those from many neutronics codes. A cell-weighted cross-section library for a

complete reactor core is required to produce an accurate value of k.. The relative changes

in their time-dependent values can be useful, but should be interpreted properly.
!
4
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.

NSERCH Searches NZ and NPT for index of current nuclide from EN DF. B File.

DPRSEC Computes disintegrations per second of current nuclide.

Punches or writes either on unit NPUN the BCD library, or on unit MPHOTLIBPUN
(NXTR) the binary library, which is produced from the ENDFi B data base.

CLOSE, CONTIN, LIST and SKPSCT - Special standard ENDF/B-IV file processing
routines, for purposes such as reading the next nuclide data list and skipping

part of the' data in a proper manner.
-;

i

'

Routine Name: SRCALC
. . .

:1
, . Calling Routines: XORIGN via NSPEC
:-

u~
Routines Called: CLPS, YIELDN, SUBSTI

Functaons. NSPEC sets array pointers, reads ORIGEN-S spent-fuel concentrations, obtains more

complete spontaneous fission decay constants in SUBSTI, and calls SRCALC for the remainder of

the neutron-w _,- . computation. The SRCALC coding follows the procedure described

i-
above (Sect. F7.2.8). Source strengths from major isotopes and the total are obtained for sponta-t

neous fission first, and them for (a,a) reu computed by a quadratic data fit la YIELDN. The

i fine-group spectra are made is the arrays FINESP and FINEAL for the abw irteracticos, respec.
a-

tively, by weighting according to source magnitude. They are d'W te d:e energy group- ,' ,

I

structure input or that of the SCALE library in CLPS and added together for the final neutron i
:-i
1- ;

9 source spectrum. I

,

'

|
.? .

3

a
.i

,.

?!
%s

e

I
'a

.

1

W-

-
.

_

%

, . e, y. ;
'~

. . . . , .
+ ,

. . . . . - . . .- .- --_ - - - .



.

.

F7.6.3

Fission product yields are included in the libraries for fissile isotopes which appear to be the

most significant. The card image libraries contain five isotopes with these yields for each reactor

library.' These are given in Table F7.6.l. The yields for those not footnoted are from
thermal-neutron-induced tissions.

TABLE F7.6.1. FISSILE ISOTOPES WHICH
HAVE FISSION PRODUCT YIELDS

Reactor Isotopes, in the Order Yields are in Library

HTGR 8"U 2"U Th* 2" U * 2"Pu232

-LWR 2nU '" U ** ' Pu" '" U * "'Pu

LMFBR 2'' P u" "'U* 3''P u" *" U * 2nPu*

MSBR 2nU 8" U "'T h * 3"U* 2"Pu

* Yield is from fission-spectrum <nergy neutrons.

"The anPu yields were substituted for these isotopes.

() F7.6.4 Printed Output

A large quantity of printed output is available from ORIGEN-S. A total of more than 160

different types of tables presently may be printed, with possible options to print about 150 tables in a

single subcase. Also, there are error or warning messages that may be printed. In general, the user

may control the suppression or print of each table, with a few exceptions. The tables (later referred

to by Group Nos.) are divided into the following groups:

1. Concentration results during decay or non-irradiation, given either by quantity or converted

to other units (in seven types of units).

2. Concentration results during reactor irradiation, by quantity (in one to three types of units

as specified by requested options).

3. The k.. relative total neutron production and absorption results, and fractional neutron

absorption by nuclide results.

U 4. Edits of the six data sets of the " card image" nuclear data library.

. - . ,y . .7.,-.. . . . , .
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5. Photon rate and gamma-energy rate spectra for each library, in fixed energy group structure,
'

tables for neutron production from spontaneous fission and a-n reactions, and neutron produc-

| tion rate spectra of the actinides. The 12 tables in ttus group may be, obtained during the

decay period only. They are suppressed or printed as a group. The reference to " photon table

,
, results* or * photon tables'in the input description means all tables of this group.

6. Photon rate and gamma-energy rate spectra of the sum of the nuclides from all three
.

.

libraries or the spectra of the sum of the nuclides from a single library, at requested time
intervals. The user may supply an energy group structure, or, in some options, use the
default. Three gamma line data bases are available: (1) The ORIGEN-S Photon Library
(see Sect. M6.3); (2) ENDF/B file data for fission products only (see Sect. M6.6); and (3)
the ORNL Master Photon Data Base (also see Sect. M6.7), which partly uses ENDF/B

~ data, but principally applies data from the Evaluated Nuclear Structure Data File
(ENSDF)"-'8 at ORNL (supplemented with other photon data such as bremsstrahlung).

~ The spectra in this group are termed "special gamma spectra" in the input description.

7. Edits of photon data for each nuclide while producing new photon libraries, e.g., for an
updated ORIGEN-S Library produced from the ORNL Master Photon Data Base or the
ENDF data base.

Other variations to the spectra of Group 6[One option produces spectra in which only the
.

8.

! nuclides having line data are included. Delayed decay spectra of the actinides may be (h
! obtained, when special libraries have been made.

! 9. Integration over the time step intervals for decay period, only. of the fission product

nuclides and spectra. These " time integration" results may apply to all decay period fission

product tables, which are included in the groups described above. This option simply adus
,

j * integral" table results to the output after all of the regular " instantaneous * cesults are

f printed for the first five groups. The spectra of Group 6 are only " integral" results. Except

for McV/ Fission units of Group 6. the units printed for " integral results* should be

multiplied by seconds.
,

The results or edits in the above groups are separated into tables pertaining to each of the three

libraries, except where specified otherwise. The majority of the tables may be suppressea or printed
j

individually. Results in the first three groups, usually, are given for all clapsed times requested in the.

f input (see 60" array in Data Block 6).

I, Note that there is a print limitation. Output results for Group Nos. l. 2. 3. 5 and 9 are subject to

| a fixed format, which does not permit the number of time steps printed to exceed 10 for each

subcase. The user may apply more than 10 time steps when print is not requested or by simply using

more subcases.

s
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F7.6.7

F7.6.9 . Condensed ORIGEN-S Input Description

NOTE: Default values are given in parentheses. (Assume data required unless a condition is

specified.) Also, while only a single * or 5 is shown with each array identifier, be careful to use the
doubles. " and $5, if the free-field form of input is intended.

DATA BLOCK I - New Case.

OS Data set unit numbers used in case, sometimes required. These are used for opening
.

data sets in allocating case storage. Where units are not used or the defaults apply,

unit numbers should not be entered. Most variables are referred,to in later input

data. (12 entries)

1. KOUT Sth entry in 35 array. (6)

2. NDUM' For supplementary FIDO edits. (13)

3. NPUN 16th entry in 565 array. (0)

4. NDSETB ist entry in 35 array, if binary library. (21)

5. NDSETF ist entry in 35 array, if formatted liL..y. (0)
< -

- 6. NVERTR 32nd entry in 35 array, if NVERT is positive. (0)

7. NVERTW- 32nd entry in 35 array, if NVERT is negative. (0)

8. NDFB 3rd entry in 815 array, if binary library. (0)

9. NDFF 3rd entry in 815 array, if formatted library. (0)..

i
10. LDSET 2nd entry in 815 array. (0)'

,

II. NXTR Binary photon library unit no.. required if LNGAM = 6. II.12.
13.14. or 15. (1st entry in 815 array). May use for read write of

concentrations. See " Detailed input **. (0)

12. NDISK Scratch (binary) data set unit number always required. (11)*

.

15 New case or blend option trigger. (1 entry)

NOBLND Oll/N - job terminates / no blending /N streams blended. (1)

T Block terminator.

s

I.
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)DATA BLOCK 2 - New Library.

TITLEL Title printed in library edit. Format (20A4)

2* Required if NOBLND > l. (NOBLND entries)

FACT Fraction uf each blendec stream.

35 Library Constants. Ses Secu M6, e.g., for library sizes. (33 entries) |

, umber. Six unit numbers in 105 array, if1. NDSET Library unit p

NDSET= -20. (27)

2. NOLIB Number of reactor libraries in NDSET. (4)
.

3. NTYPE 0/ I/>l card imagelbinaryifuture type library. (0)

I 4. NGRP -N/0/N neutron spectra group structure from unit N/not r.

t
1

used/from 84*. (-82)

5. KOUT Printed output unit number. (6)
.

6. MPCTAB 0/ I air. water hazards requested! not reauested. (0)

7. INPT Oli read photon library from NDSET/ cards. (0)
;

'@LJ8. IR 1/0 print transition matrixldo not print. (0)j -

f 9. LPU 0/N read all actinide data from NDSET/N actinides from
,

cards. (0)
,

10-15. NN I.NN2.N N3.NN4.N N5.NN6:

NNI 1/0 print Ith libmry tableido not print. (0)
, '
,

16. NN7 Trigger for concentration units in 74' array (0):
.

f 0/ l/2/3 units in gram-atomsiwt. ppm / grams; atom ppm.
,

17. NN8 -lt o, suppress, print of library prologue. (-1 )

18. ITMAX Total number of library nuclides. (850)
. .,

.

i

19. ILMAX Number of library I nuclides. (500)
;

j 20. IAMAX Number of library 2 nuclides. (120)
;

21. IFMAX Number of library 3 nuclides. (500)

22. IZMAX Number of off. diagonal non-zero matrix elements. (3000)

23. NREACT Maximum number of reactions for any nuclide. (7)

24. NFISO Number of fissile isotopes producing fission products. (5)
~

.

. , . . . . ._ , . , . . - ;
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.

25.. NELEM Maximum atomic number in calculation. (99)

- 26. NMO Month in date of library.

27 'NDAY Day in date.

28. NYR' Year in date.

29. NENAC Number of actinide photon energy groups. '(18)

30. NENLE Number of light element photon groups. (12)

, 31. NENFP Number of fission product photon groups. (12)

32. NVERT Integral Option Trigger.

0/-N/N not wantedt request integral option (writing unit .
- N)/ request integral option (reading unit N). (0)

33. NG Number of energy groups, required if LNGAM ** 0 or 15 (1st

entry in 815 array). (0)

Note, skip option for entries 19,20,21,29,30 and 31: -1, skips library or photon part of library.

4* Library Constants, required if NTYPE = 0. (4 entries)

- 1. THERM Ratio of thermal neutron cross section of l'y absorber to

d 2200-m/sec cross section. (1.0) _ ,

2. RES Resonance flux per unit lethargylthermal flux. (1.0)

3. FAST l.45 times ratio of flux > l MeV/ thermal flux. (l .0)

4. ERR Truncation limit. (10'")
,

$$ Library Position Number, required if NTYPE = 0. (I entry)i

NLIBE Reactor Library position in NDSET (2):

1/2/3/4 for HTGR/ LWR /LMFBR/ MSBR Reactor

108 Separate library unit numbers,if NDSET = -20 (6 entries).

$45 ~ Special Options - not required. (12 entries)

(May include 545 in Data Block 5)

.lOPT Triggers to obtain special option.

,

6
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'

JOPT(l) N,0 request optioni not requested. Entry positions (1) trigger the

following: (1) compute k-infinity, etc.. (2) punch concentrations.13) punch total

gamma sources of Library I and 3. (4) punch a-n and spontaneous fission sources.

(5) punch combined gamma source. (6) punch totals of nuclide tables N of each

library, (7) punch for element tables N. (8) not used. (9) use single fissile nuclide for
,

computing y-spectralfission. (10) for adjoint-version of code. (II) not used, and;
(12) use 200 MeV/ fission in place of computed energy per fission.'

T Block terminator.;

:
e

DATA BLOCK J - Actinide Nuclide cards required only if LPU > 0,*

,

.j 65 (LPU entries)
.

NEWCX Nuclide ID Numbers of actinides read in by cards.
.

T Block terminator.

Extra Card input: If LPU > 0. read LPU cards for cross section data of the NEWCX nuclides.4

DATA BLOCK 4 - Photon Energy Group Structures.

I First data array is required, always. See " Detailed input " to use other arrays. /.

f- 355- Required. (1 entry).

|
0. if photon energy group structure and U-235 fission photon distribution is available

for input library or input in 83' array.
l I. if any group structures read in this data block. (0)
;

T Block terminator.

Extra Card input: If INPT = 1. read in entire photon libraries. (Fixed format)#

:

} DATA BLOCK J - New Subcase with same library.

.565 Subcase Integer Control Constants. (20 entries): , ,

I. MMN Number of irradiation intervals. (0)
!

2. MOUT Number of time intervals in subcase: (10)
.

'. O and MSUB = 0, job terminator:
'0. MSUB > 0. writes results of step MSUB on unit NXTR;

,

N, results written for steps MSUB to N, inclusive.
!

3. INDEX 0/ I power read in 58'lread flux in 59*. (0)
,

4 NTABLE 0, any Group 1 output printed, if not suppressed in 655
-

1. print summary tables, per 655. (0) -

,

.

. . . . -.__
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5. - MSTA R Time period for CUTOFF, photon sources. (1) {

0, cut-off feature not used, and JTO = 1 or 4.

6. NGO Next problem indicator (1):
-1, new concentrations and same library:

0, new concentrations and library;
,

I, old concentrations and same library:

2, same as NGO = 1, but old subcase flux, power, and burnup

are zeroed;

; 3, old concentrations and new library.

7. MPROS 0. for no continuous chemical processing. |
.

N, for N groups of elements in a processed group. (0)

8. NPROS 0, if MPROS = 0:

N the maximum number of elements in a process group. (0)

9. MFEED 0, for no continuous feed. (0)

N, if N nuclides are continuously fed into system. 10)

10. MSUB 0, for new concentrations (last NGO = -l or 0);

N, if old concentrations are from time interval N:

(]
-N, where N means the same, but with batch processing:

N, and MOUT = 0, writes results of s' tep N on unit NXTR:

N, and MOUT = -M, requests steps N to M, inclusive. (0)

ll, NTERM Minimum number of exponential expansion terms. (21)

12. NSHRT Maximum number of short-lived precursors in chain. (100)
g

13. NXCMP Number of new nuclide or element concentrations. (0)
'

Also NXCM P can be used in restart option. See " Detailed input.'

14. NUNIT 1/2/3/4/5!6 time (in 60*) in see: min! hrst days yrs other. (4)

15. NTI 0, no title cards read at Data Block 6:

1. TITLE read:
-

2. BASIS read:

3 both a.t read. (0)

16. NPUN 0/N no punch / punches concentrations, etc., on unit N. (0)

17. JTO 0, all concentration (or Groups I,2 and 5) tables output:

1 all output results suppressed except per 545 and 825:

2, may suppress only by 655 or 665:

3. suppresses all except photon tables:
,

4. suppresses photon tables and by 655 or 665. (2)
,_

. .. ,. . ..
.
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'
'

18. NUC 0, suppresses " irradiation" nuclide tables:

l. suppressed only by 665. (0)

19. NEL Same as NUC for element tables. (0)

20. KBLEND -l. if subcase uses total of previously blended streams:

0, no blended stream saved or used:

N. concentrations at time period. N. multiplied times next value of

FACT are added as part of blend. (0)

) 57* Subcase Floating Point Constants. (5 entries)

I. TMO Code uses TIME (1) - TMO as first interval in calculation. (0.0),

2. RHO Total material density (gm. lcm'). Needed for tables in units of'

atoms / barn-cm.. if NN7 = l or 3. (0.0)

3. CUT An option for deleting elements in tables under 665 control. If the
'

concentration in units of 74* is less than CUT for any element.

print for the element is deleted. CUT is source fraction cutoff in

decay subcase. (0.0)

4. FRACPW (TIME (MMN) - TMO)/(sum of time of all irradiation,

'

subcases). (1.0) -

J
I 5. TCONST If NUNIT = 6. number of seconds in the special time unit.

T Block terminator.

. DATA BLOCK 6 - Subcase Arrays and Titles
t
i TITLE Subcase Title, if NTI = | or 3. Format (20A4)

d
I BASIS Basis of Calculation, if NTI = 2 or 3. Format (10A4)
.

/, 58* Power required if INDEX = 0 and MMN > 0. (MMN entries)

'
POWER Thermal power in time intervals of 60* (consecutive vaues or MMNth value cannot be

zero.)
,

-

1 $9* Flux required if INDEX = | and MMN' > 0. (MMN entries)

FLUX Thermal flux in neutrons /cm.8-sec. (consecutive values or MMNth values cannot be

zero).,

j

l

,-
'
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ID of Nuclides - required for new case or if NXCMP > 0 and last NGO = -l or 0.735

(NXCMP entries)

Nuclide ID Number (if NEX1 = 1.2,or 3)or Element ID Number (if NEXI = 4) forINUCI
the concentrations in 74*.

74* Concentrations required with 735. (NXCMP entries)

XCOMI Concentrations for nuclides and elements in 73S in gram-atoms (NN7 = 0), wt. ppm

(NN7 = 1), grams (NN7 = 2), or atom ppm (NN7 = 3).
,

4

755 Library Kinds - required with 735. (NXCMP entries)

NEXI 1/2/3 where Nuclide ID No. applies to Library 1/2/3 of subsection H.6.3.

4. for element in Light Element Library.

765 ID of Nuclides - required in MFEED > 0. (M FEED entries)
4

INUC2 Same as INUC1. applied to continuous feed option.

77* Feed Rates - required if MFEED > 0. (MFEED entries)
,

|
XCOM2 Continuous feed rates or increases in feed rates (gram-atoms /sec/ fuel unit).h

t

785 Library Kind - required if MFEED > 0. (MFEED entries)

NEX2 Same convention as NEXI applies to 765

79* Element Fractions - required if MSUB < 0. (NELEM entries)
]
i
J FREPRO Fractions of elements retained in batch chemical processing. where entry

number = clement atomic number.

815 Gamma Source and Library Update Constants, required if LNGAM ** 0. (6 entries)

r

1. LNGAM Oll/2/3/>3 no request / source from ENDF data / source from
Master Photon Library data / source from ORIGEN-S data on

NDSET/ updates various libraries (see " Detailed input"). (0)

2. LDSET Output gamma source unit no. if LNGAM = 1. (51)

3. NDF Input data base unit no. if LNGAM = | or 2. (60)
4 ,

4. MNDF 2/I - mode of NDF: card image! binary. (2)

5. NiMAX Maximum number of floating point words for ENDF input,or set

by code for other input data. (3000)
.

6. N2 MAX Maximum number of nuclide photon lines in data. (1000)

... ..

,
,
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825 Time Step Source Triggers - required if LNGAM = 1,2. or 3. (MOUT entries) (0) T

M(N) 0+ 1/ 2. 4/Si6 - not wantedIrequest fission product source per fissionitotal source per

sec/ light element source / actinide source; fission product source, R r Nth time interval

(if LNGAM = 1, 2 or 3).

M = 4. 5,6 are not applied and, also, M = 2 de notes fission product source from

ENDF data, if LNGAM=1. (Other options set by M are explained in " Detailed

Input.'')

83* Gamma Energy Group Structure, in eV and descending order.

2 (NG+1 entries. 35 array)(required, if LNGAM # 0,3 or 85).

84* Neutron Energy Group structure, in eV and descending order - required if |
*NGRP > 0. (NGRP + 1 entries,35 array)

r
T Block terminator

.

IA One source title card for each 825 request. A single library title card,if LNG AM > 3.
i Format (20A4) .s

)

FORMG Variable format of new library, if LNGAM =4 or 5. Requires a blank card. here,if
LNGAM = 6,7,8,9 or 10. Format (18A4)

,

l FORMT Variable format - required if JOPT(2) > 0. Format (20A4). Requires 3 cards. The
~

format used for concentrations punched on cards.
_

<

}
*END OF CONDENSED INPUT INSTRUCTIONS *'

Be sure to add following SCALE control card:;

END
;

'
. .

.
F7.6.10 Detailed ORIGEN-S Input Description

1

] 'Either fixed-field, free-field, or user-field type of FIDO input system should be used. except for

) title cards or supplemental libraries. Note that each parameter (or entry) is named and defined below

'i in the order it appears in the data array. If applying fixed field formats, data entries should be

|
placed in successive data fields. If using free-field form, $5 or " should be used with the array
identifier and at least one space should be skipped between data entries. Each data block contains;

-a
one or more a, rays followed by the data block terminator letter "T", or "iT", where i is the Data

Block Number.
.)

.
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" All available default values are in parentheses, following the data definitions "

DATA BLOCK 1 - Start of First Case

05 Array Case data set unit numbers, sometimes required. (Not required if reading only a

standard ORIGEN-S Library data set on NDSET, i.e., 21 through 28. and writing

none.) Variable core storage is dynamically allocated from the region sire requested,

the program-instruction size and the 10 buffer size as set from data in this array. A
,

"0" excludes reserving buffer space. If in doubt, enter all unit numbers that will be

used and allow sufficient region size. The user may skip this array in the input*

(defaults apply), unless one of the following is used: The Line Gamma Source Option

(815 array); the Integral Option (32nd in 35 array); or, BLKSIZE > 2000 and
- BUFNO=2 (default) on the input library DD Card. Thus, often the 05 array is

skipped. When a SCALE library is denoted by NGRP (4th entry in 35 array) and the

standard blocksize of the data set is used, adequate space is allocated without an entry

for NGRP in the 05 array. (12 entries)

1. KOUT KOUT,5th entry in 35 array. (6)

2. NDUM , Unit number used to print FIDO edits starting with that of 355'

j array. (13)
1

3. NPUN NPUN,16th entry in 565 array. usually, for punched cards.
(Probably not required if RLKSIZE = 80). (0)

4. NDSETB N DSET, ist entry in 35 array. Required only if

BUFNO*BLKSIZE > 4000 (in JCL) for NDSET and NTYP = 1,

3rd entry in 35 array. Not required when using standard JCL deck.

When using data set denoted by NDSETF. storage may be saved

by setting NDSETB = 0. (21)

5. NDSETF Same as NDSETB except it applies to card image data set. 106
1

6. NVERTR NVERT,32nd entry in 35 array, when NVERT > 0. (Meaning,

i NVERT has been written.) (0)
'

7. NVERTW Same as NVERTR except NVERT < 0. when writing the integral
' library. (0)

8. NDFB NDF, when LNGAM # 0 and MNDF = 1, which are in 815
]
; array, (0)

't
9. NDFF Same as NDFB except MNDF = 2, for a card image gamma'

1
1 library. (0)

10. LDSET LDSET,2nd entry of 815 array, and LNGAM # 0. (0)''

|
.,

e

. . . . . , . . . .
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T
11. NXTR Binary photon library or concentrations stored on this unit /

number. required if LNGAM = 6. II.12.13. I4. or 15. or [10th]
N.SUB > 0 with [2nd] MOUT = 0. In using restart option (i.e..

NXCMP G 0 [13th]). set NXTR negative. Code will read unit

number | NXTR| . (0)

12. NDISK Unit number of a scratch data set needed in code. Not required to
-

enter for standard JCL deck. (ll)

15 Array Case control flag, always required. (I entry)

ALL NEW CASES START HERE. (NGO = 0 and NOBLND = 1)

NOBLND Blending and case control flag (1):.

0. for normal termination of job;

1. for case with no blending:

N if N streams are to be blended. (See KBLEND. 565 array.)

T Data block i terminator,

D
DATA ALOCK 2 - Start of New Subcase Using New Nuclear Data (Reactor) Library. Start here d

'
only if last value of NGO = 0 or 3. (See NGO. $65 array.)

TITLEL Library Edit Title, always required. Read in the Format (20A4).

I 2* Array Required if NOBLND > l. (NOBLND number of entries)

FACT Fraction of each blended stream used in " blending cases". where the specified fraction,

is taken times all concentrations in the stream. These fractions are in the order

pertaining to the subcases that have the flag KBLEND > 0, in $65 array. (Omit if

NOBLND = 1.)

35 Array Library Integer Constants, always required, unless all defaults are proper. See override

j methoc below. (33 entries)
.)

j l. NDSET Library data ss; unit number. (See Sect. M6.) |
t

] -20. six separate card image library data set unit numbers are

i entered into 105 array, (27)

] 2. NOLIB Total number of reactor libraries in the data set, including those

not used ignored, if NTYPE = 1. (4)

)

. . . _ . - .

, _ . . _ _ _ _ . . _ . -
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.

3. NTYPE Trigger denoting type of reactor library format (0):

0, for card image version (as described in Sect. M6).

1. if same type of library in an unformatted or binary data set.

Library size parameters read in first record.

>l and <6 if original library plus additional data read and

processed in a user-supplied subroutine MORDAT;

>5 and <10. if library obtained only from subroutine MORDAT.

4 NGRP Applies to energy-group structure of neutron spectra. Required, if
'

(17th] JTO - 2 or 3. (-82)
-N, if the energy-group structure is taken from the SCALE Mas-

t

ter Library on unit no. N;
i0, if neutron spectra not wanted; i

N, if the energy group structure for N groups is input in 84* ;

array.

i 5. KOUT Unit number of ORIGEN-S output results, which may differ from,

0 that of riDo output. <eiDo uses unii 8 ven bx ist enerv ef Osi

array before libraries are written, and unit NDUM. 2nd entry in*

05, thereafter.) (6)

6. MPCTAB Option flag for calculation of inhalation and water ingestion

hazards (0):'

+

$ 0. if these results are requested for a subcase using the library:

l. if calculation not requested. (Also, see 655 data for each
!

subcase. Storage saved. if suppressed here. Iloweser code always
..

executes properly for the ''0* default.)

7. INPT Library photon data input option (0): -

-

0. if photon library read from NDSET;

'N I, photon libraries (files 4. 5 and 6) are read from cards following
-g Data Block 4

3
.;

' 8. IR Debug output option (0):

l. the transition matrix elements derived from the libraries will be
.

'

printed:
? .

O. print is suppressed._

'

<
,

d
-

.

6
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* -

i,

'%9. LPU Actinide library data cross section input option (0): >

0. if entire actinide data from NDSET:

. N. if cross sections from cards override library data for "N"
actinide nuclides. The Nuclide ID Numbers ai. entered in 65 array

and the new cross section cards follow Data Block 3.

10. NNI Output option for the Light Elements and Structural Materials
; Nuclear Data Library (0):

I, table is printed;
,

a
0, print is suppressed.,

II. NN2 1. Actinide Nuclear Data Library is printed:.

i

j 0. print is suppressed. (0)

12. NN3 1. Fission Products Nuclear Data Library is printed:

0 print is suppressed. (0)
|

13. NN4 1. Light Element Photon Library is orinted:*

!;

l 0. print is supressed. (0)
.

O
a 14. NN5 1. Actinide Photon Library is printed:

,

O. print is suppressed. (0)
"

15. NN6 1. Fission Products Photon Library is printed:.

,

O. print is suppressed. (0)

i 16. NN7 Indicator of type of units to be used for the concentrations in 74'
t

y array (for all subcases). (0)
d

j 0, input units are gram-atoms;
*

i,j l. input units are weight parts per million: |

2. input units are grams:
I

3. input units are atom parts per million.

|
17. NN8 Library output option (-1)

h
-1. the fibrary history prologue and radioactive hazard library

: table are suppressed;
,:

), 0, these are printed.

j -

,

;

. . . . . - .. . . ~ ~ - .
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.

18. ITMAX > total number of NDSET library nuclides. This is sum of
nuclides in the three libraries referred to below (ILM AX, I AM AX.

IFMAX) exclusise of additions using LPU option. Library sizes

are given in Sect. M6.2.

If NTYPE = 1. for binary library, many of these entries are not

used. See NOTE, at end of 35 Array. Also, see the same NOTE if

using small card image library. (850)

19. ILMAX Same meaning as ITMAX applied to Light Element Library:

-! If the library is rot wanted. (500)

! 20. IAMAX Same meaning as ITMAX applied to Actinide Library:

{ -1, if the library is not wanted. (120)

21. IFMAX Same meaning as ITMAX applied to Finion Product Library:

-1 if the library is not wanted. (500)

(if none of the nuclides of a library are required for a case, both

region size and computer time are saved by the corresponding

setting of ILM AX, IAMAX, or IFM AX to "-l". The "DD Cards"i -

h in the Job Control Language should not be changed.)

22. IZMAX Total number of reactions from one nuclide to another nuclide for
all libraries. Code determines this value, as variable NON for

j storage of permanent arrays so that it is all right to input a
! somewhat excessive value. Code prints message. if NON exceeds

IZMAX, and states Nuclide ID Number. Note, the code adds

4'LPU to the input or default value. When in doubt. wt IZM AX4

= 5'ITM AX for most libraries. (3000)

23. N REACT Maximum number of reactions (transitions due to neutron capture

or decay) that any single nuclide in library will make. If too small.

. code increments NREACT by one and processes library again (for
,

5 times before terminating). Do not set less than 5 for usual

libraries. Normally, the default is best. (7)'

'

24. NFISO Number of fissionable isotopes in the reactor library for which

fission product yields are given. These isotopes are " built in" the
p

255 array for card image libraries. (5)

-

% $

f-

:
!
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5
25. NELEM Largest atomic number of nuclides in all libraries. Maximum )

allowable value of NELEM is 99. (It is suggested that uwr not

truncate libraries with NELEM except in unusual cases in which

the user is certain that the library retains all valid chains. The

storage saved is normally not very important. (99)

26. NMO Month, for date nuclear data library was made. (0)

27. NDAY Day of month oflibrary, t0)

28. NYR Year library was made. Date printed, only if NNR = 0. (0)

29. NENAC Number of energy groups in Actinide Photon Library. (18)

30. NENLE Number of groups in Light Element Photon Library. (12)

31. NENFP Number of groups in Fission Products Photon Library. (12)(ifa

photon library is not needed and the corresponding value of
ILMAX IAMAX or IFM AX was not iet to *'l". the photon part,

'

of the library can be skipped by setting NENLE. NENAC and or

NENFP to "-l".).

I 32. 'NVERT Integral Option Trigger. (if used, requires entry for NVERTR or

:]NVE RTW in OS array). (0)

0. Integral Option not wanted:

> t N in addition to computing the regular " instantaneous"
concentrations, the code computes results integrated over the;

; interval of each t:me step . sing the Volterra multiplicative method.

! as applied by Lee"(for only the fission products during decay).

] The " instantaneous" concentration tables (for all units specified in

( 655 array) are printed first, and following a message that integrals

will be presented, the same type of fission product tables are-

[ printed containing the integral results. Note that the units of these

integral tables should be interpreted as the units shown times'

' seconds.

' -N. writes the utility sub-matrices J.ta set on N. (Retiuires

f NVERTW,7th in 0$ array.)

N. applies data set from N. using less CPU time. (Requires
,

NVERTR. 6th in 0$ array. Never enter both NVERTW and

NVERTR.)

The latogral option is not operable with a flesion product library

'that locludes data for any transition that portsias to a change la :)*

mass number (A), e.g.. the library costsiains branching due to

delayed neutron decay (deseribed la Sect. M6.7).

, . . . . . - - . . . . . ,

,
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33. NG Number of energy groups in 83' array required if 1.NGAM 960
'

or l$ (1st entry of MIS array.) (0)

NOTE on override of 35 array by binary library data: This note appl:es to parameters ITM AX to

NENFP (entries 18-31). inclusive. If NTYPE = 1. the correct values of these parameters are

supplied from the binary library data set and the user may not override these parameters with one

exception: a "-l" entry for NENAC. NENLE and/or NENFP will skip the use of the specified

photon libraries. Also, if NTYPE = 0 and NDSET = 27 (for the small card image library). the
'

defaults for ITMAX to NENFP are satisfactory.

! 4* Aersy Library Floating Point Constarits, required if NTYPE = 0. (4 entries),
r

l. THERM *. Ratio of the neutron cross section for a ||v absorber with a'

population of neutrons having a Maxwell Boltimann distribution

of energies, which is specified by an absolute temperature. T. to the

cross section with 2200 m see neutrons.' An equation for

computing THERM is

'

;
j T'

n

! THERM =yff,T,a 293.16*K.'
#

Default is 1.0. (See Data Note H in Section F7.6.12 on THERM.

|
RES and FAST application and Section F7.2.6 for additional

f
theory.)

2. RES Ratio of the resonance flux per unit lethargy to the thermal

neutron flux. (1.0) !

Is
3. FAST l.45 times the ratio of flux above | MeV to the thermal neutron

flux. (1.0),

,

4. ERR A truncation error limit below which the values compoted by the

code will be considered to be sero by the code, if a reto is entered.

code chanys to default value. Set ~ 10'''lf MeV fis ton spectrum !

r,

or the Integral Method (32nd of 35 array)is requested (10'")

.

.

*, THERM. RES. and FAST have meaning only for thermal reactors. For the LMFBR. the cross
sections on NDSET are already spectrum averapd. and THERM. RES.and FAST are e. ual to
1.0 (Set by Code for LMFBR .do not enter.)

.

# +5 y t y4 $p M* . g. > * + , pape -
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T ,,
'

$$ Army Library . . nt.'on Number. required if NTYPE = 0. (I entry)

l. NLIBE Inteyr for reactor library type for this problem (2):
,

t

1. for HTGR Reactor; |,

2. for LWR Reactor.
h-

3. for LMFBR Reactor.
|

,

| 4. for M58R Reactor: .

t
'

-2 for library processed by CASDAR Code.*: Then THERM. {
RES and FAST are set equal to 1.0. 0.0, amt 1.0, respectively,

rwithin the code,
,

i ,.

108 Array Six library unit numbers, if NDSET = -20. 16 entries) [
'

.

; Often this data array is not required, since the totallibrary will be contained in six wquential files !

which all have the same unit number. i
;

l. Light Element Nuclear Data unit number. |

.
2. Actinide Nuclear Data unit number, ,

1)3. Fission Product Nuclear Data unit number
(

4. Light Element Photon Data unit number j-

S. Actin'.Je Photon Data unit number

!
6. Fission Product Photon Data unit number.

$48 Arvey Special Options, not required. (12 entries) (May also include this array in [hta {

Block S). f
'

JOPT(l) # 0. request option 1. as defined below for position "I".

= 0, option I not requested. (At start. '1)"is the default.) |

|

i i

l
i i

f: *:0, W. Cunningham. Computer Scienses Division (ORNL). private cummunicatiore. (Special f

Light Element Libraries.) {''

i

'
.

l

.

t

i

!

!
i

+

!

.. 4 e e , g . "w - - , ..
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.

DATA ALOCK 4 - Photon Energy Group Structures and Flag.

Almost always, the user shoukt set LFLAG = 0. skip the other data and terminate this Data

Block with a T. Data here does not pertain to the making or use of new Photon Libraries per Mi$

,

array. After Photon Library was produced by user-supplied data, then, this Data Block would he

1 needed. ,

3SS Array Alwsys required. (1 entry)

LFLAG 0. if no more data read in this block and case uses default values. These are correct

for ORIGEN-S Photos Libraries (Sect. M6).

l. If more data read in this block. (See Section M6.3 for explanation of data used

here.)(0)

Warning: Never read photon data here unless a corresponding library has been made. 10)
.

!

36' Array Optional. INENAC + 1 entrica)

EACTGP Photon energy group structure boundaries for actinide nuclides (MeV. in ascending

order). Used in printed table column of photon tables.

37* Array Optional. (NENLE + 1 entries)

h>i
EGROUP Photon energy youp struct'are for fight element nuclides (MeV. in awending order).

Used in printed table column.

34* Array Optional. (NENAC entries) -

:

SFGAMA Photons per fission for U.235 la the group structure given by EACTOP (no longer 1

j ""d )-

39' Array Optional. INENFP + 1 entries)
t

EFPGRP Photon energy group structure for fission product nuclides IMeV. in awending order).s
Used in printed table column.

,

Note, that any new group structure given in this data block (for printing new group structures by

average energy) must be enactly the same as the group structure used in making the photon library.

T Data Block 4 terminator'

.

Extra Card input:
If IN!'T = 1 (7th entry In 35 array) the entire photon library (files 4. S. and 6) are read here.

Fornists are spes6 fled la Seet. M4.2.3.

|
!

a s.. n s-a
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.

DATA BLOCK 3 - Subcase Control Data
This is the first block when starting a new problem with old nuclear data library. (Start subcase

here only if last value of NGO = 1, I, or 2, in $65 data.)

545 Array May be included (see Data Block 2).

568 Array Subcar.c Inwger Control Constants, always required. (20 entries)

4 1. MMN Number of time intervals during irradiation period (0);

i 0, for post irradiation or decay only subcase.

2. MOUT Total number of time intervals in this subcaw (10);

0, for job termination (subcaw starting with $65 array);

0, and MSUB > 0,the concentrations at last time step MSUB are

written on unit no. NXTR (in 05 array). This " dummy" subcase

gives method for saving results in a binary data set. Only $65 is

read, with NGO = | plus the "T". Next $65 is for regular, or
,

another dummy, subcase;

.N. and MSUB > 0, tl.a resulta la 3 stoma for steps MSUB
J through N, laslosive, am written on unit so. NXTR. .

,

M
J. INDEX 0, reactor specific thermal power input. $8' array (0);

l. Ilux will be input in $9' array. (Not used in decay subcase.)

[ 4. NTABLE 0, all isotopes and all times will be gisen in decay output. unless

suppreswd with flag in 655 array or (17th entry of $65 array) JTO

(0);

I 1 only summaries of most important isotopes at alternate time

periods are output.

S. MSTAR Output suppression and photon source indicator. Code omits
,

pnnting isotopes where values are below a cutoff 161' array) for-

time period MSTAR and principal photon sources are printed for

time period MSTAR.
,

0, cutoff feature not uwd and JTO = | or 4, which suppresws*

photon tables. (1)

6 NGO Flag to indicate the type of the next subcase and d.ita block the

user must start using for new data (1):
.

-1. if next problem has new initial concentrations, or has blend of

oki concentrations, and has same nuclear data library. No. t )s

subcaw begins with Data block S.
B

* O 4
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'

,

|

0, if next problem has new initial concentrations and a new
library. If NOBLND - 1. next caw begins with Data Hlock 1. l$

array. If " blending .:ase" not finished subcase begins with Data

Block 2. Never repeat 05 array data except after "END" and

another "=ORIGENS" cards.

1. for a " continuation" problem in which concentrations found in

present calculation and same library will he used. Next subcase v ill

begin with Data Block 5.

2. for same conditions as NGO = I (the " continuation"problemi..

except that Oux, power and accumulated burnup from prior'

subcases are set to tero for use in obtaining averages and
,

accumulated burnup of next subcase. Note that otherwise the Out

or power is weighted by FR ACPW in 57' array.

3. for a " continuation" problem in wnich concentrations found in

present calculation and a new library will he i. sed. Next subcase

begins with Data Block 2.

7. MPROS A " continuous chemical processing" option 6)):

0. for no processing;-

;
..,

N. where N groups of nuclides are continuously remmed by
chemical processing during reactor expmure period, only, and
each group includes' those elements with the same remmal.

; constant. See 62* 635, and 645 arrays.

8. NPROS Used with MPROS (0):

0, for no continuous chemical processing;

N. where N is the maximum number of elements in any of the
I

groups with same remosal constant. See 645 array.

I
i 9. MFEED A " continuous feed" option 10):

0, for no continuous feed:

[ N where N nuclides are continuously fed into system as in a Huid
i fuel reactor. See 765. 77* and 781 arrays.
'

10. MSUN 0, if new initial concentrations used in this problem (0)
' '

N for a " continuation" subcase where the initial concentrations

are taken from the time period N of the last subcase:
-

.

+ - .

k

ev- - e + s -m n e n
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.

-N. where time period N provides concentrations. However.
specified factors of given elements are removed through batch

processing. See 79* array for specifying the factors. if NLIBE # l.

Special" built-in" factors are used. if NLIBE = 1.

N. and MOUT = 0, writes results of steo"N"on unit no. NXTR.,

Use MOUT = M to request results foe steps MSUB through M,

inclusive, with MSUB = 0 permitted to denote the initial coa.

centrations to subcase. See [2nd] MOUT for details.

II. NTERM Minimum number of terms to be allowed in series expansion of
' matrix exponential, needed to assure convergence for long nuclide

chains. (21)
,

12. NSHRT Maximum number of short lived precursors to a long-lised isotope

in any decay chain. Suggest default. (I00)

13. NXCMP Number of nuclides or elements for which new concentrations are

used as initial conditions to this problem.

Sec 735. 74* and 755 arrays. (0)*

.

Always required for first subcase or if last subcase had a value of

NGO = -l or 0. Also. NXCMP can be used to start with the
concentrations made on data set NXTR in a previous job. where

MOUT and MSUB (of $65 array) are input to properly write the

concentrations from one or more steps. Set NXCMP G 0 in this'

7
subcase. Those from the first step saved are used in this subcase. if

s NXCMP = 0. The set of concentrations written in the|NXCMPl
position (or, the |NXCMPl time a set was med) on NXTR are
used, if NXCMP < 0. Then, omit 735. 74* and 755 arrays.

14. NUNIT Trigger specifying units of the times read in 60* array (4):

1. for time in seconds:

2. for minutes;
;d

i 3. for hours;
I

f 4. for days:

! $. for years:

6. If other units requested. This requires (1) a card for TUNIT

near beginning of Data Block 6. and (2) a value for TCONST I$th

)entry in $7' array).

. - - , .
|

J
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74* Array Required with 735 array. (NXCMP entries)

XCOMI The concentration for the nuclide or element at the corresponding entry in 735 array.

If NN7 = 0, units of XCOMI are gram-atoms per unit of fuel used in 58' (if power is

input). If NN7 = 1. units are weight parts per million (wt ppm). If NN7 = 2. units

are grams. If NN7 = 3. units are atom ppm.

755 Array Required with 735 array. (NXCMP entries)

NEXl 1. if corresponding entry in 735 array is in Light Element Library:

.

2. for Actinide Library;

3. for Fission Product Library;
'

4. for element when using relative abundance in Light Element Library.

765 Array Required if(9th] MFEED > 0. (MFEED entries) *

INUC2 , Follows same convention as INUCI in 735 array, but applies to nuclide with a
" continuous feed rate".

77* Array Required with 765 array. (MFEED entries).,

,

XCOM2 Continuous feed rate (or, change la feed rate) in gram-atoms per second per unit of

fuel for nuclide at .-;Pg entry la 765 array. Units are changed, as for
XCOMI, if NN7 * O. A special rule is used if this option was also requested in the

:- previous subcase; then, the data in XCOM2 are added to the previous rates or rates

4 are unchanged, if XCOM2 la skipped.
!

785 Array Required with 765 array. (MFEED entries)

NEX2 Follows same convention as NEXl in 755 array but applies to 765 army.
.

79* Array Required if[10th] MSUB < 0. (NELEM entries)q

FREPRO The fraction of the concentration of an element that is retained in t!'e strea'm being

used in problem after " batch. chemical processing." Entry number i applies to

| hydrogen and entry number N applies to element of atomic number = N. ISixth entry

is for carbon, and 92nd entry is for uranium). If element not present. a number must*

still be entered, although it has no effect. A conservative rule is to enter "1.0" for ani

element if none of it is known to be removed. (0.0),

e

!
'

|
. . -

E
i
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815 Gamma Decay Source or Library Update Constants 16 entries) - required for
computing either the "special gamma source spectra" listed in Group 6 of Section

F7.6.4. or updated photon libraries. The spectra obtained in the " photon table results"

(of Group 5) are in a fixed group structure, apply to each library separately, are

computed only during a decay subcase, and may use a less accurate data base.

However, the more specialized spectra obtained with the option here have the

following attributes:
.

I 1. Any energy group structure may be applied.

2. The user may select nuclide photon spectra from one of three different data bases.

3. The Master Photon Library data base"'8 may be more frequently and easily

1 updated.
_

4. The spectra, except for that from ENDF B data base.2# can be obtained either for*

the sum of nuclides in each library, separately. or for the sum of nuclides in all

three libraries.
'

5. The decay spectra may be computed during either an irradiation or a decay

subcasc. The spectra during decay periods may be applied to spent fuel shielding

9 problems, while the spectra during irradiation represents the part of the gamma

energy in the reactor contributed by decaying nuclides. (Note that an irradiation

period spectrum does not represent the total gamma rays released in the reactor,

which should include, also, the instantaneous gamma rays arsociated with fission

and gamma emission during neutron capture.)
'

;
,

{ Ganima decay sources are requested by setting LNGAM to I,2 or 3 in this data array, to select the

desired data base. Other options should be set in the 825 array. Also, the 83* array group structure.

j (LNGAM # 3) NG in the 35 array,and title cards are required.The production of updated libraries

are requested with LNGAM > 3.
.

.

l. LNGAM Type of procedure and data ba.e requested. (Note, some of the'

*

procedures require an entry for either NDFB or NDFF,8th or 9th

entry in 05 array - never both)>
-

]i 0. none requested, or om.t 815. 825 and 83* arrays.
t

i 1, applies the ENDF/B (currently, ENDF B IV) data baser ,o
+

fission products (see Sect. M6.6). This procedure produces,

. - - .

the following:,

(a) printed lission product decay spectra as specified by 825

and 83* arrays.
.

*

;

[

-. , . , , - .
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0, no source requested for the time step.
,

I, requires LNGAM = 1. 2 or 3, producing a special fission prout spectrum for the

time step. The units of printed spectra are MeV! fission and pactons, fission. Do

not use this option unless the ORIGEN case was set up to force the units to be

correct (usually for one fissile isotope). See Data Note A in Section F7.6.II.

2, invokes the procedure requested by LNGAM = 1, 2 or 3. which produces a

samma source spectrum for the Nth time steps. The units of the printed spectra are
,

MeV/second and photons /second. This source production option is more general'

than that resultirtg from M = 1 and the spectrum from any irradiation or decay

time step may be requested. There is a difference, depending upon LNGAM,in the
' number of nuclides included in the source spectra: for LNGAM = 1 using the

.I ENDF/ B data base, the source pertains to the sum of all fission products, only:

and, for LNGAM = 2 or 3, using either the Master Photon Data Base or the

ORIGEN-S Photon Libraries, the source pertains to the sum of nuclides in all three

libraries. Sources for separate libraries may be requested with other values of M.

There are two different treatments used to account for the gamma energy of

nuclides which have no spectrum data included in the data base:

(a) For LNGAM = 1, the spectrum is increased by one photon < disintegration in*

p the group that includes the total gamma energy of the nuclide having no
# spectrum data.

(b) For LNGAM = 2 or 3 the ratio is computed which equals the sum of the

gamma energy of all nuclides divided by the sum of the gamma energy of only

j those nuclides having photon data. After the total spectrum of nuclides having

j data is computed, it is renormalized by multiplying by the above energ) ratio.

j The energy is conserved, with the uncertain fraction of the spectrum hasing the
.

same distribution as that produced from all nuclides that have spectrum data.

The total energies are printed for the sum from all nuclides boih with and

without spectrum data.

Note of warmag in using LNGAM = 3. This is a request for summing tie spectra
,

computed from the three separate ORIGEN S libraries. The request implies that the
,

user is aware that the group structures of the three ORIGEN-S Photon Libraries are-

( compatible (either the same, or one is a subset of another and the raaximum

I bour.jaties are equal).
!
,

)

|

'aj

;

(,
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m '
3. produces the gamn'a spectra of the decay of actinide neutron captures from data in

a special library. This option is restricted to a very limited use and cannot be made
J

generally available until the ENDFIB-V data file is processed. Similar results can

now be computed fror.1 the Master Photon Data Base.

4 produces gamma source for only the nuclides included in the Light Element

Library, it may be requested only for LNGAM = 2 or 3.

5. produces Actinide Library gamma source for LNGAM = 2 or 3.

6. produces Fission Product Library gamma source for LNGAM = 2 or 3.'

(Important Note: The user may not change to different non-7ero v:!ues of M at
f
*

later time steps.)
.

;
i 20 + M, or 21, triggers the printout lines stating that the Master Photon Data Base
.

contains, for a given nuclide, gamma ray intensity data at an energy outside the

range of the requested group structure. The message begias with " Photon could not
,

be binned" First, for LNGAM = 2. determine (from the above) the value of M

desired and add 20. Set to 21, if LNGAM > 3. The option applies only to cases

using the Master PhotonData Base, or, LNGAM = 2 or LNGAM >3. (Note there

! are pages of lines written, if energy range does not start near zero; thus, when

running several cases, the user may not find it desirable to use this trigger except
NJfor a single trial case.)

.

-1, is the same as M = | except that only the nuclides with gamma-line data are used

in the LNGAM procedure.

!
-2. -4. -5, and -6 produce gamma decay source spectra computed from only those

nuclides which have spectrum data. This allows the user to add in other data for

those nuclides having no spectrum data.

83* Gamma Energy Group Structure, in eV. for spectra or library updates requested if
LNGAMva 0. 3 or 15. Boundaries are in descending order. (NG + 1 entries. 33rd in

35 array).j ,

The energy group structures which correspond to that of input ORIGEN Photon

}
Libraries (on NDSED are the defaults obtained by skipping this array, after the

j proper input of NG (33rd in 35 array). NG = 12 obtains the Light Element and
Fission Product structures, while NG = 18 obtains that for the actinides.t

,

J
84* Neutron Energy Group Structure, in eV, for neutron spectra requested by JTO - 2j

or 3 and NGRP > 0. boundaries are in descending order. (NGRP + 1 entries,4th .
'

in 35 array) ),

T Data Block 6 Termmator*

-. . .- .
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F7.7. SAMPLE CASES

Case i PWR Fuel Exposure and Decay

A scoping study is desired for a PWR, using the smaller initial ORIGEN Library. Let the

reactor operate at a power of 30 Megawatts continually for 1100 days. List the complete inventory in

gram-atoms per metric ton of uranium during both the exposure period and decay period. Also, list

the results for the decay period in curies, total thermal power, the gamma source spectra (or.

" photon table results") produced by the input nuclear data library and the neutron source. Apply

decay times of 10. 30, 60, 90,120,160, 270. 365,1096, and 3652.5 days. List by nuclide, only. The

input concentrations are given in the data. Set THERM = 0.632 RES = 0.333 and FAST = 2.

The input data follows:

=ORIGENS

055 A5 27 E 155 I IT
PWR NUCLEAR DATA - SAMPLE CASE I
4" 0.632 0.333 2 E 555 2 2T
3555 0 4T

5655 10 A13 50 4 3 0 2 1 E 57 " A3 1-14 E ST

PWR - 3.3% ENRICHED U
.- MT OF URANIUM CHARGED TO REACTOR

'
. 58 " F30 60 " 81110 1100

6655 i A5 I A9 I E

7355 60120 130270 140280 140290 220460 220470 220480 220490

220500 240500 240520 240530 240540 250550 260540 260560 260570 260580

270590 280580 280600 280610 280620 280640 400900 400910 400920 400940

400960 410930 420920 420940 420950 420960 420970 420980 421000 501120t

501140 50|150 501160 501170 501180 501190 501200 501220 501240,

922350 922380 922340

74 " 1.5 4.0 .607 .034 .304 .277 2.771 .204 .2 5.04
'

57.423 6.415 1.574 0.327 4.037 61.018 1.439 0.31 0.915 111.862

| 41.783 1.869 5.645 1.609 1421.122 306.725 462.239 460.074 72.5 10.258
.957 .532 .926 .958 .546 1.357 .54 .321 .219 ,113

r 4.681 2.47 7.729 2.739 10.392 1.467 1.823 140.4 4062 1.I3

| 7555 47RI 3R2 6T

5655 0 10 A10 10 A17 2 E ST-

60 " 10 30 60 90 120 160 270 365 1096 3652.5
,

6553 1 5Z l 2Z l llZ l 5Z l 2Z l llZ l 5Z l 2Z l E,

|61" $RI 3 1+6 1+4
6T

5655 F0 ST

END
(Job execution requires: 270K; 7001/O: and 15 see on IllM 370/3033.)'

.
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Case 2 Time Integrated Fission Product Gamma Energy Spectra and Curies

Calculations are requested concerning lission product properties produced from exposing one

gram of "U (as UO:) to a thermal (or LWR) flux of 10' neutrons-cm'2-sec ' for 1200 days in six2
~

intervals. Compute the time integral of the fission product gamma energy spectra and nuclides in

Ci-sec (with a cutoff of 10"* Ci sec) over the first three months, the fourth month and the thirteenth

month. Apply: (1) the large fission product library and the a, = 409 barn for "U which is in2

data set on unit 28 (and edit);(2) the binary mode Master Photon Library on unit $2;13) cither, the

). utility sub-matrix data set for the integral option on unit 66,if available, or create it during this job;

and (4) an energy group structure range of 0 - || MeV with the lowest two energy intervals input as
,

0 - 2X10'. 2X10' - 10' and the remaining intervals of 10' eV for the spectra. The input data. using

an available data set on unit 66, follows:

3 =ORIGENS
s

j 055 AS 28 66 A8 52 E 155 I IT
f 5 AMPLE CASE 2 - LARGE FISSION PRODUCT LIBRARY

355 28 All i I A16 2 Al8 922 -l 101821 A32 6612'

4" 0.632 0.333 2 E $455 A9 2 E 2T

3555 0 4T

5655 6 6 i Al314 3 E ST -

U-235 FISSION PRODUCTS SIGM A-F = 409 BARNS .q
PER GRAM U 235 AT 10"4 N/(SEC-CM"2) :/

60" 412001200 7355 922350 74" | 7555 2 59" Fl+4 6T
$655 0 4 A10 6 A14 4 0 0 4 E ST
60" |20150 365.25 395.25 61" F1-30 6555 A49 I E;

j 8155 2 0 521 E 8255 6 6 0 6 83" 91 |l+6 l+6 2+5 0 6T
GRAM U-235,10"4 NEUTRONSl(SEC-CM"2). FIRST 3 MO. INTEGRAL SPECTRUM

GRAM U 235.10"4 NEUTRONSi(SEC-CM"2). 4TH MO. INTEGRAL SPECTRUM
GRAM U 235.10"4 NEUTRONSl(SEC-CM"2).13Til MO. INTEGRAL SPECTRUM
$655 F0 ST

END

(Job execution requires: 270K; 15001/0; and 44 sec on IBM 37013033.)
3

.f
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F7.8. I/O UNIT REQUIREMENTS

in addition to units for the libraries the user has selected along with the card input and print

units, the only (scratch) data set always required is on unit number NDISK. Also, if the user wishes

to print FIDO edits on pages separate to the ORIGEN-S print, the use of unit NDUM is provided.

The binary output units. NXTR. NVERT and LDSET, are required at the user's option. The

following st aws all logical units by name, default number, and purpose. Usually these are included

in OR FL and ORGDP IBM . !

:

.

UNIT DEFAULT PURPOSE

NS 5 Card input

KOUT 6 Printed output

NDUM 13 FIDO edits.

'
NPUN 0 Card punch*

NDISK 11 Scratch

N DSET* 27 BCD ORIGEN library input

NDSET 0 Binary ORIGEN library input;

i NVERT 0 Make or use in integral optionm

d NDF 60 BCD photon data base input
,

' '

NDF 0 Binary photon data base input

LDSET 51 Binary gamma source output
,

NXTR 0 Optional binary input output unit

. ND30 94 Binary problem data interface

NGRPl 82 Neutron energy-group structure |
+

' Composed of six files. usually sequential. However, these six BCD data sets also may be on

the six different units specified in 105 array, after setting N DSET = -20.
,
,

' . ,

b

:

e
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O
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.

The input libraries usually have BLKSIZE=2000 in the DCB specifications of the IBM JCL.
-

ORIGEN-S opens and then closes all data sets indicated by the OS array in order to allocate

sufficient core storage for I!O buffers needed during execution. This appears to work properly for
libraries with BLKSIZE=2000 and with no BUFL specified. However, libraries with a larger

blocksize and with no BUFL specified usually result in a case that fails, because the large buffer is

not reserved and may be already used. There may not be enough core in the total buffer storage

area. since its size is limited to contain only the buffers in the order in which the data sets were

opened. The failure is eliminated by setting BUFL to the following two conditions:'
I

I. BUFL > BLKSIZE
2. BUFL * BUFNO = n * 2K - 16

.

where.

n = an integer

.

k = 1024

O

,

} i.

J .

!
i

,

|
- .

!

i

J
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F9.A 40H22-SGC INPUT INSTRUCTIONS

F9.A.1 MORSE DATA BLOCK

Card A (20A4)

Title Card

Card B (4I,Z12)
e

! RANDOM - starting random number seed
,

! F9.A.2 MORSE DATA BLOCK 2 (FIDO INPUT)

; 14 (14)

1. IADJM set >0 for an adjoint problem. All input data
should still be in the forward mode; the program
will adjoint it whenever IADJM>0.

2. NSTRT number of particles per batch.

3. NMOST anximum number of particles allowed for in the
bank (s); may equal NSTRT+1 if no splitting, fission,-

and secondary generation.#
, .

-

'

4. NITS number of batches.

5. NQUIT number of sets of NITS batches to be run without new.

input data.4

l .

I. 6. NOT USED set 30.
.

"

7. ISTAT set >0 to store Legendre coefficients.
,

8. NSPLT set >0 if splitting is allowed.

9. NKILL set >0 if Russian roulette is allowed.

10. NPAST set >0 if exponential transform is*

{ invoked (subroutine DIREC is called) .
- 11. N0 LEAK set >0 if nonleakage is invoked.
-

.

i 12. IEBIAS set >0 if energy biasing is allowed.

13 NKCALC the number of the first batch to be included in the
estimate of k; if10 no estimate of k is made.

,

|
| -

| .- ...

. -. - . . . _-
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14 NORMF the weight standards and fission weights are un- N.

changed if <0; otherwise, fission weights will be
multiplied at the end of each batch by the latest
estimate of k, and the weight standards are multi-
plied by the ratio of fission weights produced in
previous batch to the average starting weight for
the previous batch. For time-dependent suberitical
systems, NORMF should be >0.

2$ (5)

1. MEDIA number of cross-section media.

2. NMIX number of mixing operations (elements times density
operations) to be performed.

3. MEDALB =0 if no specular reflection is used; >0 if specu-
lar reflection is used; value of MEDALB is used as
the reflecting media.

.

4. MXREG number of regions described by the geometry input.

5. MFISTP set >0 if fissions are allowed.

; 3S (20)

1. NNGA number of neutron groups to be analyzed. )
2. NGGA number of ganna groups to be analyzed.

.
3. NNGTP set >0 if a completely coupled neutron-gamma problem

j is desired (both neutrons and gammas are treated as

] primary particles). NNGA and NGGA must be equal to
the number of neutron and gamma groups on the input

(} cross section tape if this option is used.
.

4. NOT USED set = 0
,

5. NOT USED set = 0
-

,

6. NDSN number of array analysis collision edit 4; see inputa

3 discussion.
!:

7. NDSG if NPAST is >0, NDSG determines the direction of
d PATHLENGTH STRETCHING used in subroutine DIREC. The
] options available are:

O
l ', = 1 pathlength stretched in the + I direction (local)

-
, ,

s -

la
: ,

s ',

-

.
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|

three dimensional matrix of numbers, with the cell position increasing
in the positive X, Y, and Z directions, respectively. Each set of
orientation data consists of the following parameters, separated by

| one or more blanks.
|

| LTYPE The cell entry. LTYPE may be negative (array f), zero
| (empty cell), or positive (universe f).

L
'

IX1 The starting point in the I direction. IX1 must be at
, least 1 and $NXMAX.

IX2 The ending point in the I direction. IX1 must be at least-

j 1 and SNXMAX.
'

INCX The number of cells by which increments are made in the
positive I direction. INCX must be >0 and SNXMAX.a

IY1 The starting point in the Y direction. IY1 must be at
least 1 and INYMAX.

IY2 The ending point in the Y direction. IY2 must be at least
7

1 and SNYMAX.
,

INCY The number of cells by which increments are made in the
. positive Y direction. INCY must be >0 and 1NYliAX.-

s

l (C) IZ1 The starting point in the Z direction. IZ1 must be at
-

-

least 1 and 1NZMAX.

IZ2 The starting point in the Z direction. IZ2 mus t be at,

least 1 and 1NZMAX.
| INCZ The number of cells by which increments are made in the
| positive Z direction. INCZ must be >0 and INZMAX.
|

ISTP = 0, read another set of data,6

4 0, do not read any more mixed-cell orientation data.

An important feature of this type of data description is that, if
any portion of an array is defined in a conflicting manner, the last
card to define that portion will be the one that determines- the

,

| array's cell type configuration. To utilize this feature, one can
'

fill an entire array with the most prevalent cell type and then
superimpose the other ' cell types in their proper places to accu--

: rately describe the array. The last set of mixed-cell orientation
data must have a nonzero entry in the last field.-

|
IOP = 2 - Standard FIDO Array Input

,

The array being entered is integer; therefore, it is a "$" or
,

"$$" array. The array may be entered in the standard free-form |
:

*
|

~

s.

, , -~,< ..nme . --- ~
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FIDO format. The description for each lattice array is entered as ),

,
a single array block with FIDO. The FIDO integer array number

| entered is the array number being described plus 100. The data is
entered and each array description is terminated with a "T." All stan-

:. dard FIDO repeat options are available for entering the data. Array
1 would be entered as the "101$$" FIDO array terminated with a "T."

'

The process would continue until all array descriptions have been
entered. The format for the data entry is the same as the description;

for free-form input. All x entries for the first y row and first z
. level are entered, then all x entries for the second y row and first z
; level are entered. This process continues until the entire first z
> level has been described. Then the second z level is described

until the entire array has been described. Then the geometry array
description or a given array is terminated with a "T."

A.10 Universe Type

'
One entry is required for each universe modeled in the combina-

torial geometry, starting with Universe 1. The entries should'be either >

a zero or a 1: a zero if the universe is "combinatorial" and a 1 if
the universe is " simple." A " simple" universe is a universe composed of
concentric zones, where every zone completely surrounds the zone inside
of it. Furthermore, input zones in a simple universe may be only one
code zone and may be described by only one or two bodies. Tracking,

j through " simple" universes is about 30% or more faster than through g
l. regular combinatorial geometry tracking, although the modeling capabil- W
* ity is limited. Simple universes may be combined with regular combina-

torial universes in arrays without any problems.
,

- End of Geometry Input --

i

F9.A.4 HORSE DATA BLOCK 3 (FIDO INPUT)

i~ 68 (Ten entries)

1. TMAI Marimum cpu time in minutes allowed for the problem on
_ the computer.

| 2. TCUT Age in seconds at which particles are retired; if TCUT=0,
no time kill is performed.

b

i 3 NABP Neutron angular biasing parameter to bias the source
j particles to the first point detector. Set < 0 if
1 not using angular biasing in SOURCE subroutine.

4. NAB 0G Gasma angular biasing parameter; used to bias secondary.

|. gamma particles to the first point detector location;
' enter zero for no biasing; see input description for

further discussion.

!

1
.

-Mg4 -4 gad' 'O' *N' ,epege. p.rne 4 ,pgq , simy sop _'
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5. XMIN

6. XMAX
|

SOURCE SAMPLING VOLUME BOUNDARIES (absolute coordi- |

7. YMIN nates). Source coordinates are sampled uni-
formly within the bounds input by the user. If

8. YMAX the use:- has specified a source media, IGQPT,
then only points in the specified media will be
accepted.

9. ZMIN

10. ZMAX

'

7* (NNGA) '

l. (VELTH(I), I=1,NNGA) The neutron velocities for all energy
groups being analyzed. If not input, calculated values
will be used based on the group enert,y limits.

8* (4*MAXGP*MXREG) required only if NSPLT+NKILL+NPAST >0

1. ((WTHI(I,J),I=1,MAIGP), J=1,MXREG) weight above which splitting
will occur.

2. ((WTLO(I,J),I=1,MAXGP), J=1,MXREG) weight below which Russian
O. roulette is p1we.a,

v

3. ((WTAV(I,J),I=1,MAXGP), y 1,MXREG) weight parameters for parti-
cles surviving Russian roulette.

4. ((PATH (I,J),I=1,MAXGP), *=1,MXREG) pattingth stretching param-.

3 eters for use '. n exponential transform (usually 0
j i PATH <1)

9* ((NNGA+NGGA)*MXREG) requiro onl: .f IEBIAS >0.

1. ((EPROB(I,J),Ist,NNGA+NGGA,Jul,MIREG) values of the relative
energy importat.co of particles leaving a collision in

4 region.J going to group I.

10' (MIREG+((NNGA+NGGA)* MEDIA) required only if MFISTP >0. Initialized |values will be used if not input.,

1. (FWLO(I),Is1,MIREG) values of the weight to be assigned to,

fission neutrons. (Initialized to 1.0 if not input.),

!

2. ((FSE(I,J),I=1,NNGA+NGGA J=1, MEDIA) fraction of fission-induced,

source particles in group I for medium J. (Uses fission
spectrum of element with largest VZf if not input.)

.

1

, , # +*w"'
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11* NNGA*MXREG if IADJM 10 required only if coupled neutron-gamma
or

NGGA*MXREG if IADJP >0 ray problem, but not completely coupled.

1. ((GWLO(I,J),I=1,N"GA or NGGA),J-1,MXREG) probability of gener-
ating a garti. at each collision. Alternately (depending
on GPROB) t'<e values of the weight to be assigned to the-

ascondary particles being generated. NGGA groups are;

read for each region in a forward problem and NGGA for an
j adjoint.

j 12$ (NMIX)
,

1. (KM(I),I=1,NMIX) MORSE media number.
.

I 13$ (NMIX)
i

1. (KM(I),I=1,NMIX) element or ICE identifies. -

14* (NMIX) (14* Array not input if using an ICE tape.)
'

l. (RH0(I),I=1,NMIX) density.

j 15$ NOT USED
!}
{{ 16$ NOT USED ;

, . . .

' 175r (NGPFS) required only if ISOUR 10

1. (FS(I),I=1,NCPFS) the unnormalized fraction of source particles
in each group. Uses FSE of media number 1 if not input,

j and MFISTP >0.

18* (NGPFS) required only if ISOUR 10 and ISBIAS /O.
'

; l. (BFS(I),I-1,NGPFS) the relative importance of a source in
group I.

,

T (Block 3 must be terminated with a T.)

:<

; F9.A.5 MORSE DATA BLOCK 4 (ANALYSIS DATA)
||
|j Card AA (20A4)
'4<

d Title or rnits for total response for all detecters.
9
p', Card AB (20A4*NRESP)
I'
j NRESP* title or units for each total response fot' all detectors.
!

! O
.

.
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MOR is called by ALOCAT, which was called from MPROG. It simply calls
MORSE without performing any function other than reordering the
arguments in the call.

MORSE is called from MOR. This is the controlling routine for,the MORSE
| execution. The entire program flow results from calls in MORSE.
,

MPROG was the main program in NORSE-SGC. In this version it is a sub-
routine called by either QMORSE or MORSEG, the two entry points in
the SCALE version of MORSE-SGC/S. It reads the first block of
data, and calls ALOCAT, which calls MOR, which calls subroutine
HORSE.

MSOUR is called from BATCH at the beginning of a particle batch. It

calls FSOUR to obtain the fission bank for criticality problems.
It calls SOURCE for fixed source problems. It calls GETNT and

. STORNT to update the neutron particle bank.
!

MWLIST is called from KSEC2. It prints out the transfer matrices in a
,

variable format.

NDBARC is called from BATCH for the end of batch processing. NDBARC up-
dates the array edits at the end of each batch and normalizes the
result. The mean and the square of each batch estimate is computed
in NDBARC,

b) NDBTCH is called from BATCH for the end of batch processing. It adds,

"

the average responses for each point detector at the end of a batch
to the results for the run. The square and the result are tabu-
lated for later computation of the mean and the fractional standard
deviation at the end of the run.

i

j NORML is called by GOMST to compute the normal direction to the surface
) of an albedo media. It obtains the body number, NASC, from the
! combinatorial common PAREM. The body encountered must be refer-

enced in the albedo zone description or the code will print a;

fatal error. The body surface , number is LSURF. This is the
only routine in MORSE using LSURF.

p NRUN is called from MORSE to perform analysis processing at the c:mple-
tion of the run. It works with the arrays prepared by NDBTCH.
VAR 2 and VAR 3 are called to compute the fractional standard devia-
tions. The point detector results and the fluence results for the
point detectors are printed out by NRUN.

! NSIGTA is called from NXTCOL and EUCLID to look up the total cross sec-
| tion for a given energy group and media. The media is checked to

verify its validity. The total cross section for an internal void
is returned as zero.

1.
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* *
: Corrected 12/84

'N
j NITCOL is called from SUPGRP to track a particle to its next collision 7

site. It calls GOMST to control the tracking. It returns when
the particle ~has had a collision, leaked from the system, or
encountered an albedo boundary. It will optionally call BDRYI
for boundary crossing estimates.

OUTPT is called by BATCH at the end of a batch and by MORSE at the end
of a run. It prints out the summary information for the colli-'

'

sions, boundary crossings, splittings, leaks, etc., for the end of
a batch. At the end of a run it prints out the neutron death table

- and the region counters; scattering, fission, Russian roulette
kills, survivals, etc. The region counters and the Russian
roulette and splitting arrays require considerable memory, espe-

I cially when many regions are modeled. K-effective for criticality
'

runs is computed and printed out by OUTPT.

"
OUTPT2 is called from OUTPT to print out two-dimensional arrays.

PRT1D is called from ISEC2 to print out one-dimensional cross sections.

'

PRT1D2 is called from ISEC7 to print out two-dimensional cross section
arrays.

: PTHETA is called from RELCOL and RELCOLA to determine the probability of
{ scattering through angle for each of the possible energy trans-

{
fers. All possible downscatters and upscatters are computed,

f]
PTPT is called from RELCOL, SDATA, and SGAM to compute the distance from

,

the collision site to the point detector. The point detector loca-
tion is in global coordinates, while the collision location is
in local coordinates. CLEY is called by PTPT to compute the global

i. coordinate of the collision site.
!

'

! Q function is called from ANGLES, BADHOM, and FIND to compute the
'l value of an orthogonal polynomial at a position I.
e

QHORSE and MORSEG are the two entry points to initiat.e HORSE execution.
The entry point taken determines whether the input is read from

1. * cards or from binary files in SCALE.

[
-

h (ANNO is the assembler random number generator. -
L i

t' RELCOL is called from SUPGRP at a collision site. It calculates col-
; lided flux estimates to the point detectors by calling PTHETA,

F' EUCLID, and FLUIST. RELCOL makes only one estimate to each point
detector from each collision site, as opposed to RELCOA which
makes multiple estimates.

,

)
:
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RELCOA is used to make estimates to point detector sites from each col- 1

I

: lision site. IT calls PTHETA, EUCLID, PTPT, and FLUIST. Estimates
are made to each possible group transfer given the fixed angle of
scatter to travel to a point detector.

!

RESET is called to reset array tracking variables destroyed by point
detector estimation. During tracking, estimates may be made from i

collision sites to point detectors. After the collided flux esti-
mate has been ande, the random walk is continued. It is necessary
to reset the particle nesting table to its previous condition at
the collision site before continu:.ng the particle track.

RINPU1 is called from MORSE. It prints out most of the MORSE input edit
and reads in a large portion of the user's input. When MORSE is'

running outside of SCALE,.RINPU1 calls FIDAS to read the input.
When MORSE is running as a part of SCALE, RINPU1 reads a binary in-
put file by calling Q0 READ. ITYPE in label common SCALOP deter-r

mines which way MORSE is running.;

RINPU2 is called from MORSE. It computes the array pointers for data
storage and the amount of supergrouping required. Many data arrays

; are shifted around in memory by RINPU2 to their final locations.
ISEC3, ISEC4, ISEC5, ISEC6, and ISEC8 ars called by RINPU2.

RITNUT is a utility routine, which may be called to dump out the con-

7 ( tents of label common NUTRott containing particle tracking informa-

3
tion, coordinate, weight, direction cosines, etc.

RNDIN loads a seed into the random number generator RANNO.

RNDOUT gives the last random number returned by RANNO, without changing
4

.! the random number sequence.
d
T SCORIN is called by RINPU2. It prints out the point detector coordi-
U, nates, response functions, energy bank boundaries, and angle bank

boundaries related to point detector scoring.

d SDATA is called from MSOUR to compute the uncollided flux estimate to a

] point detector from a source point. It calls PTPT, EUCLID, and

3
FLUIST. The switch flag in the call to FLUIST is set not to add
the unoollided flux estimate to the collided flux estimate.

cj SGAM is called from FBANK and GSTORE to compute the uncollided flux es- ,

p timate to point detectors from secondary particle birthsites. SGAM
'

b is identical to SDATA. It calla PTPT, EUCLID, and FLUIST. The
? switch flag in the call to FLUIST is set not to add the uncollided

/ flux to the collided flux, estimate.

L
SHIFT is called to move data from one area of memory to another area of

R memory.

a

,

{
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'SHUFLE is called from RINPU2. It computes the multigroup cross section

pointers after the cross section storage has been supergrouped.'

.

SIZLI is called from RINPU2. It computes the space required for cross
section storage. This determines the amount of supergrouping and

i the size of each supergroup. This is a function of available core
uomory, the number of energy groups, and the number of media.

h SORIN is called from RINPU2. It computes .the cumulative distribution '

V for source energy spectrum for both forward and adjoint problems.
j The distributions are normalized, and are ordered depending

Li on whether a forward or adjoint case is being run. The cumula-
tive distribution is increasing to 1 for a forward problem,

,

; and decreasing from 1 for an adjoint probles.

-i
J SORK sorts the neutron bank by supergroup at the beginaning of each

9 supergroup. During a batch, particles from the most populous
supergroup will be tracked, then the next most populous supergroup,
etc. SORK calls STORNT and GETNT in ordering the neutron bank.
SORK is called from BATCH..

P. .

' SOURCE is called from MSOUR. It calla CALI to determine the location of
a source particle. The version of SOURCE in MORSE-SGC/S samples'

P uniformly from IMIN to IMAI, YMIN to YMAI, and ZMIN to ZMAX. If

q the user has specified a source media, only those points sampled in
- the media will be saved as a valid source particle. Angular bias-

ing is provided as an option in SOURCE. Isotropic selection of ^

initial starting cosines is available by default in SOURCE byr

b calling GTISO.
p

[I STBTCH is called by BATCH. It clears the response and detector
;' analysis arrays at the beginning of each batch by calling CLEAR.

d
3 STRUN is called from MORSE. The user may supply his own version of ,

STRUN. The version supplied does nothing. It is called at the-

|i start of a new run.

b'
*

SUPER 1 is called from RINPU2. This routine calculates the lengths of'

- each of the supergroups stored in memory.

Q
|< SUPER 2 is called from RINPU2. This routine constructs a table giving

|| the supergroup number for each energy group number. !

1} SUPGRP is called from BATCH. This routine controls the random walk for
j each particle in a supergroup. It calls NITCOL for particle track-

j ing. It calla routines to handle the secondary particle generation
and banid ng. Russian roulette and splitting is performed in,

d SUPGRP. COLISN is called from SUPGRP for collision processing.
a

TIMER is a utility routine maintaining local and global clocks for MORSE !

during execution. ,

;

1

i
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TRNPSE is called from ISEC4 to transpose an array.

VAR 2 is called to compute the fractional standard deviation of the
analysis arrays. VAR 2 works on two-dimensional array.s and can
independently weight batches. VAR 2 is called from NRUN.

VAR 3 is called from NRUN. It is the same as VAR 2 except it can work on
!

three-dimensional arrays.

INPUT is called from BATCH. This routine retrieves cross section data
from disk for a given supergroup during batch processing.

ISEC1 is called from RINPU1. It reads the ID record and energy group
structure from an AMPI working tape.

ISEC2 is called from RINPU1. It reads the cross section data off the
AMPI working tape for elements in the mixing table and stores them
on disk. It also calculates the storage space that will be needed
to store the mixed cross sections.

i

ISEC3 is called from RINPU2. It mixes the cross sections and stores the
mixed cross sections on disk. It also selects FSE from xseo data
if it wasn't read in.

F

b ISEC4 is called from RINPU2. This routine will invert the cross sec-
p tions for an adjoint problem. It suas the neutron to gamma'

v transfer arrays into one-dimensional gamma production cross sec-
tions. It accumulates and normalizes the two-dimensional cross
sections as needed. It inverts FSE array also. Not called if
previously mixed cross sections (JITAPE > 0).

I ISECS is called from RINPU2. It calculates the angles and probabilities
j for collision processing. Cumulative angular probability distri-

] butions are constructed for each energy transfer. This data is
stored by supergroup on disk.'

ISEC6 is called from RINPU2 before ISEC5. This routine reads cross sec-
d tions off disk, reorders them into supergroups, and stores them

back on disk.

ISEC7 is called from RINPU1. It reads a preprocessed, premi.xed ICE (see'

Sect. F8) tape, and retrieves the mixtures requested. ISEC8 is
,

i called from RINPU2. It performs similar functions as ISECS and
ISEC6, except for an ICE premixed tape.

.

b
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The fin effectiveness nf s the ratio of the heat transfer from the fin to that from the basei

area of the fin assuming convection to the fluid at the same temperature and consectise heat

transfer coefficient. The fluid temperature and heat transfer coefficient and fin material thermal

properties are assumed constant along the length of the lin. This concept is extended to finned
surface effectiseness ns. The finned surface effectiveness is the ratio of the heat transferred by

the fin surface and the surface between the fins to that transferred by the surface if the fins

were removed. .

I

Onn + Ow
= R,7 4+R (F10.2.60)U * sws q

* sese

where
'

Q = heat flow from surface oflin,
*

Q, = heat flow from portion of base surf ce not covered by fin.

Q, = heat flow (rom surface assuming fias removed.

4

4 = fin efficieth.f = ", g *

fin
i

Q3(k=co) = heat flow from lin surface assuming fin thermal conductivity is infiaite,

Ry = (fla surface stes)/(unit area of base surface),

Rsw = (base surface area not coscred by fins)/ (unit area of base surface).
,

1

1
in HEATING 6. the fin effectiveness is used to modify the effective conductance for the

'1 boundary condition on the right side of Eq. (F10.2.57) by adjusting the effective heat transfer

4 coefficient in Eq. (F10.2.59) as follows:

h = h,n + h, [(T?)' + (TT)*] [T7 + TI]

+ h.n |T7 - Ti|*e
' ( F10.2.61)'

.

-

where

n=ns = finned surface effectiveness for that boundary condition and will be the same for

] both natural or forced convection.

|

.,
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Tables F 10.2.2 and F10.2.3 describe the fin effectiveness models implemented in

HEATING 6. The fin effectiveness is determined from simple geometric input and the material

properties of the surface node. If the surface node's material properties or the boundary heat

transfer coefficient are temperature dependent, the fin effectiveness is updated whenever the

temperature-dependent properties are updated.

A similar approximation was utilized to allow transient analysis of finned surfaces even

though the models in Table F10.2.3 were developed for steady-state applications only. The fin

heat capacity was added to the heat capacity of the node to approximate the transient effect of

the fin on the surface node. In general, the transient response of the surface node's temperature

is a very complex calculation and could not be included in this technique. If this heat capacity

modification is not desired, it can be eliminated by setting HCFAC < 0.0. HCFAC is a
multiplier for the heat capacity term and can be any positive value (see input description) and

is applied as in Eq. (F10.2.62) below. The specific heat and density can be
temperature-dependent and will cause the updating of the fin effectiseness and fin heat
capacity,

s L7
+ 3 C ,p,V IICFAC, ( F10.2.62)C, = 3Cp p, V, p f

.t-i t.

?
*/.

where Eq. (F10.2.62) is a modification of Eq. (F10.2.2)..

C. = heat capacity for node n.

Lf = number of finned surfaces associated with node n.

Crg = specific heat for fin material associated with the ith portion of node n's surface
'

area,

p. = density of lin material associated with the ith portion of node n's surface area.

fg volume of fin associated with the ith portion of node n's surface area.V =

= RriA4. .

Rr4 = fin volumel(unit area of finned surface), and

surface area for the ith portion of node n's surface area associated with a finnedA, =
,

boundary condition.

Fin effectiveness models not included in Table Flo.2.2 can be supplied in a user supplied

subroutine. FINUSR.

P
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F|0.5.4.6 Time increment (R)

i This entry (the sixth on Card 2) contains the initial time increment. At (see Eq.
(F10,2.25)], for transient problems that will be solved by one of the explicit techniques. For

transient problems which will be solved using the implicit procedure, this entry may be zero.

For the Classical Explicit Procedure, the time increment must satisfy certain criteria to insure

stability (see Eq. (F10.2.26)]. The HEATING 6 Program calculates the stability criterion and
writes, "THE STABILITY CRITERION IS (the value of criterion) FOR POINT (lattice point4

yielding the above value)". If the input time increment is less than or equal to the stability
criterion, then the code writes. "THE INPUT TIME INCREMENT SATISFIES THE
STABILITY CRITERION," and uses the input value. If the input time increment is too large

.

(but not more than a factor of 10 too large), the program sets at equal to the calculated

stability criterion and writes, "THE INPUT TIME INCREMENT DOES NOT SATISFY THE

STABILITY CRITERION-THE TIME INCREMENT IS NOW = (value of at used in
subsequent calculations)." If the input at is too large by more than a factor of 10, the
program writes. " CASE DELETED-IN PUT TIM E INCREMENT EXCEEDS THE '

STABILITY CRITERION BY MORE THAN A FACTOR OF 10." and goes on to the next

problem. For steady state-only problems, this entry may be zero. This entry must be a non.

3 negative real number. If the Classical Explicit Procedure or Levy's esplicit method is to be used

p and if this entry is aero, HEATING 6 will chaa== the initial time step equal to the stability criterion:,

'/ for the Classieel Explicit Procedure.
,

F 10.5.4.7 Levy's F.rplicit Methad Op.ron (I)

The seventh entry (an integer) is the factor by which the stable time increment is
,

j multiplied to form the time increment .'or Levy's explicit method. If the entry is zero or I.
then Levy's method will not be used. If Levy's explicit method is specified (greater than rero),'

then the problem is not terminated if the input time increment is more than an order of
magnitude larger than the stability criterion as noted in Sect. F10.5.4.6. Instead. the time
increment is initially set equal to the stability criterion. HEATING 6 always executes 10 time-

:! increments using a stable time step prior to using Levy's explicit method. This entry may be
*

a zero for steady-state-only (Type 1) problems.

F10.5.4.8 Temperature Units (1) __

For problems involving radiation. Fahrenheit or Celsius temperatum associr. tert with
calculating the elTective thermal conductances due to radiative heat flow are crwcrted to
Rankine or Kelvin temperatures, respectively. Otherwise, temperatures are assumed to Se in

absolute units a,d no conversion is made. Entry 8 is used only for problems involving

j radiation. It indicates that the units of temperature are either in degrees Fahrenheit, degrees

Celsius, or absolute degrees. This entry is an integer.

Entry 6 Temperature

0 *F
I 'C

2 Absolute

. . _ . ,

, _ . _ .
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F 10.5.4.9 Problem Continuation Indicator (1)

JOBCON is an integer flag to indicate whether the problem is a new case or ac
'

continuation of a previous case. If JOBCON < l a new case is being run, if JOBCON ;2 1, a

continuation of the previous case is being run,

if JOBCON = 1, the initial temperature distribution will be calculated using the
information from the REGIONS and INITIAL TEMPERATURES Data Blocks from it.e
previous case subject to any changes defined by the current case. However, any initial

temperatures specified in the TEMPERATURES OF NODES Data Block applying to this

case wi!! override initial temperatures calculated from the REGIONS and INITIAL
TEMPERATURES Data Blocks.

If JOBCON = 2. this problem will begin with the initial temperature distribution of the
preceding problem. The initial time will be equal to the initial time of the preceding
problem.

If JOBCON = 3, this problem will begin with the final temperature distribution of the
preceding problem. The initial time will be equal to the initial time of the preceding
problem.

If JOBCON = 4, the initial temperature distribution of this problem will be equal to the
final temperature distribution of the preceding problem. The initial time will be equal to
the final time of the preceding problem.

If JOBCON = 5, the initial temperature distribution of this problem wi;f he equal to the
' initial temperature distribtition of the previous problem. The initial time will be the value

of the fourth entry on this card.

If JOBCON = 6, this problem will begin with the final temperature distribution of the
preceding problem. The initial time of this problem will be the value of the fourth entry
on this card.

If the initial temperatures of certain nodes are specified on the IT cards, the specified
'

temperatures will be used regardless of the value of JOBCON. g
F10.5.5. Card 3 -Input / Output Paraswters

Each entry on this card is an integer.'

F |0.5.3.1 Graphical Output (1)

The first entry (JPLOT) on Card 3 indicates whether or not graphical output is desired.

,.

. . , . . . <, ,..
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F10.$.$.7 Transient Output (1) 1

For transient problems, the output may be specified in either of two ways:

! (1) The temperature distribution may be printed at equally spaced times. To specify
,

this option, the seventh entry on Card 3 must contain the number of initial time j

'; steps between outputs. For example, if a value of $ is entered, the temperature

di;tribution will be printed at times whose spacing is equal to five times the initial

time step.

(2) The - temperature distribution may be printed at unequal time increments. To
choose this option, the actual output times will be entered in the PRINTOUT

t

TIMES data block and the seventh entry on Card 3 is ignored.

The temperature distribution is automatically printed prior to the first time step for
' transient calculations and prior to the first iteration for steady-state problems. Also, the

temperature distribution at the end of either a transient or steady-state calculation is
,

automatically printed. For steady-state-only calculations or for transient problems containing a

! PRINTOUT TIMES data block, this entry may be zero.
t

F10.5.5.8 Problem Status Unitfor Remote Users (1),

i s
(H This feature .is designed to allow remote users to determine the status of their problem

without having to wait for normal compow turnaround. If a positive number is entered in the"

eighth field of Card 3, then this directs the code to write error messages and selected
information concerning the status of the problem on logical unit IERROR. The user must,

supply the appropriate dat or file definition parameters to define the specified unit. As an
;

} example, the user may wist to use this opti(n to have information routed to a remote
terminal. One can locate data errors and resuhit the corrected problem without having to
wait for the main listing from the computer Using this concept. one could possibly speed up

p turnaround time. Enter zero if this option is not desired. IERROR appears in labeled common

f /IOUNIT/ and its value may be changed by using NAMELIST OPTION / in the input data
'

or by using a BLOCK DATA subprogram.
.

FI0.5.5.9 Output of Selected Information (1)
7

y The option to output selected information during the calculations exists to aid the user in

the detection of input data errors and to assist in debugging and understanding cases that are
,

f
not performing as anticipated. Several types of output are available using this feature. They

include: a nodal description which consists of tables indicating the neighbors and regions
corresponding to each node; a list of nodal connectors for surface-to-surface boundary'

] - conditions; thermal property tsbies containing the temperature, capacitance, power, and ordered

pairs consisting of each neighbor and the effective conductance between the node and the
,

neighbor for each node in the model alcng with information concerning the temperature-

:

:

.
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dependence for the heat capac.:.ince, effective conductance, and power associated with each

node; tables containing phase change information at each node; and the temperature
distribution after each iteration or time step. The thermal property tables may be output either

for the initial time level only or for each time the thermal properties are reevaluated. The
temperature distribution may be output at the end of each iteration in the steady-state
techniques, at the end of each time step for the explicit transient methods, and at the end of

each iteration in either the nonlinear or the linear loop for the ireplicit transient calculations.

The user is reminded that these temperature distributions have not satisfied the convergen e

criteria. All output using this feature is generated on the standard output unit. The user shou!d

exercise caution in using this feature since it will generate excessive output.

The output features desired for a particular case are defined to the code by entering the

appropriate integer in the ninth field on Card 3. The value of this integer is determined as
follows. The value of the flag for each desired option is located in the following list, and the

sum of these values is the integer that defines this option.

Option Value of Flag

Nodal Description 1
-

Capacitance, Power, Condactance at initial Time Level 10 7)
Capacitance, Power, Conductance at Every Reevaluation 20 >
Temperature Distribution Every iteration.

Steady State 100 or 200
Temperature Distribution Every

Time Step, Transient Explicit 100 or 200
Temperature Distribution Every Nonlinear

Iteration Transient implicit 100

Temperature Distribution Every Linear
iteration. Transient Implicit 200

Only one option involving c- 't of thermal properties may be specified for a case. Also,

only one option involving output , temperature distribution may be specified for a case.

As an example, assume the user wants the thermal properties output at the initial time

. level (value of flag is 10) and the temperature distribution output at every linear iteration

|.
(value of flag is 200). Output for the nodal description is not desired for this case. Then, to

define these output features to the code, the ninth entry on Card 3 must contain the integer
,

| 210.

F10.5.$.10. Melting Ratio Map Flag (I)
l
'

This entry (NPRTMR), the tenth, is a flag to control the printing of the nodal melting ratio ]
map following each transient temperature map for problems involving phase change calculations. If

the entry is 1, HEATING 6 omits the nodal melting ratio map. Otherwise, the map is printed.
Omitting this map can reduce the printed output by up to $0E

.
-
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APPENDIX F10.A

CONTROL CARDS FOR OAK RIDGE IBM SYSTEM

A version of HEATING 6 with the default array sizes and options as shown in Table F10.5.2

|
is stored on disks at the computing centers at Oak Ridge National Laboratory (ORNL) and Oak

Ridge Gaseous Diffusion Plant (ORGDP). The code was compiled on the FORTRAN IV H

Extended Compiler with an Ophenstion Fnhancenwnt. This appendix discusses the job control

I language (JCL) which is required to run this version of HEATING 6 and the modifications to the

JCL necessary for some of the optional uses of the code. This information will allow the user to

solve most of his problems with the code. For additional information concerning JCL, the user is'
,

referred to the CSD Trs.. a..;r's Notebook (Ref.15).

The control cards necessary to use this version of HEATING 6 at ORNL are presented in*'

[ Fig. F10.A-1. The first and second control cards are specinc to the ORNL site. The first two

cards of Fig. F10.A-2 provide the site specific control canis for the ORGDP rite. The job name

has a format of UIDXXXXX where UID is the usend assigned to the user, and the characters
,

XXXXX are any characters which make the job unique. The accounting field (ccccc) contains ai.

four- or five-digit charge number. The programmer-name field contains information necessary toes
' "; mail the job output back to the user. ,

As an example of the steps required to prepare the JCL for various options, assume the problem

to be solved contains 1500 nodes and three boundary conditions. Assume that the thermal conduc-

!' tivity will be evaluated by a user-supphed subroutine. Assume also that the user wishes to save the

fj final temperature distribution for restart purposes and to save the temperature distribution at the

. standard output time to later generate graphical output. Further assume that 20 printout times

have been specified. Otherwise, all default values apply.

Note that the JCL in the examples that follow use the SCALE procedure, Le., EXEC SCALE.

This procedure has a number of default I/O units specified with particular parameters. A user who*'

uses thess unit numbers must verify that the default parameters are adequate for their use (see

Ref.15 for is /.er information). The safest approach is to use units not in the procedure, i.e.,'
,

units 7 and 29-77. DD cards which overnde the SCALE procedure units must precede those not in;.

,
the procedure.

F10.A-1. Overnding Subroutines in HEATING 6
l

As indicated in Section F10.3.6, the user may wish to supply one or more subroutines to evalu-
|

( ate certam parameters for a specific model The format of the JCL required to run HEATING 6
,

iwith user-supphed subroutines overnding default subroutines is presented in Fig. F10.A-2.

F10.A.1
1
1

s

+ sur
4
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//jotriame JCB (ccccc,IOxxxx),'programner name', TIME >(xx,y)
//*JCBPARM LINES =xxx
// SCALE EXEC SCALE,REGIOt>xxxxK

(Insert DD cards for optional units here)
//CO.SYSIN DD *
# HEATING 6

(Insert data decks here)
DO
/*
//

Fig. F10.A-1. Format of JCL for Executing HEATIZE6
through SCALE at ORlL

//jobname JCB (ccccc),' programer name'
//* CLASS CPU 95=yyyz,REGIOMacadC, LINES =xxx,IO=xxx.y
// COMPILE EXEC EORIQC
//EMT.SYSIN DD * '

(Insert EURIRAN deck here) h/*
// SCALE EXEC SCALE,REGIOt>xxxxK-

DKLUDE PODULES(HEATIIG6)
'

INCLUDE OVLY(HEATING 6)
NAME HEATING 6

/*
(Insert ID cards for optional units here)

; //GO.SYSIN IO *
'

#HEATDr4
(Insert data decks here)

i DO
| /*

//
.

Fig. F10.A-2. Format of JCL for Executing HEATING 6 through SCALE
'at GEDP While Overriding ETRIRAN Routines

^

.
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4

F10. A-2. Final Temperature Distribution Output Unit
.

A data set containing the final temperature distribution from a previous run may be used to

restart the calculations. If the user wishes to generate this data set in the event the problem needs to

be continued, he must choose a logical unit number, e.g.,7. Then ITPOUT may be set to 7 using the

NAMELIST /OI410N/ feature and the type of data set, formatted or unformatted, must be
selected using the fifth entry on Card 3. A DD card describing the output unit must appear before

# the *

//GO.SYSIN DD *

card. If it is desired to punch the final temperature distribution on cards, a positive integer, e.g., I,
.

will appear as the fifth entry on Card 3, and the DD card

/ /GO.FT07F001 DD SYSOUT=B
,

' will be used to define the output unit. On the other hand, if the d'ata set containing the final

temperature distribution is to be generated in unformatted form and stored on one of the
4

semipermanent direct access storage devices, a negative integer, e.g., -1, would appear as the fifth

entry on Card 3. The DD card
1

d

//GO.FT07F001 DD DSN=T.uidccccc.xxxxxxxx, UNIT =SPDA,
-

// DISP =(NEW,CATLG), SPACE =(TRK,(2,1),RLSE),
!'

// DCB=(RECFM=VBS,BLKSIZE=1061)I p
s

would be used to define output unit 7 where the data set name (DSN=T.uidecccc.xxxxxxxx) must

adhere to the conventions described in Chapter 15 of the CSD Programmer's Notebook (Ref.15).
,

The SPACE and DCB parameters were derived using the storage capacity tables for 3330's in'

i! Chapter 15 of Ref.15. In the data set name, uid is the three<:haracter userid of the data set " owner "e

ccccc is the five-digit charge number of the data set " owner"(if the charge number is less than five

digits, zeros on the left should pad it to five digits), and xxxxxxxx is the low-level index consisting'

.

of up to eight alphanumeric characters chosen by the user to make the data set name unique. The'

[ DCB parameters were derived as follows. As indicated in Sect. F10.3.7.5. three records are written

when this data set is created. The first record is 72 bytes in length, the second is 16 bytes, and thei*

third is 12N bytes where N is the number of nodes in the problem. Thus, the RECFM parameter is'

chosen as VBS. In the example given at the start of this appendix, N is 1500 which means the last!

M record will be 18000 bytes in length. The storage capacity for a single track on a 3330 without keys is

13030 bytes. If the block size (BLKSIZE) is chosen as 1061, il records can be written per track; and's
!- e

this data set will require only two tracks as indicated by the SPACE parameter. The RLSE option is

p.1 specified to release any unused disk space after the data set has been created. The operating system

[, will allocate two buffers for the output unit with each buffer requiring about IK bytes of core. Thus,

L; the DCB parameters chosen in this example will require an additional 2K bytes of core for execution

| of HEATING 6.
.

==

3

4

,
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F10.A-3. Graphical Output Unit

A data set which can be used t'o create graphical output will be generated if the first entry on

Card 3 contains a nonzero integer. Entry 2 on Card 3 specirms the frequency of output on this

data set (see Sects. F10.5.5.1 and F10.5.5.2 for more details). Assume that the user wishes for

; this data set to be written on unit 39 for the example described above. Then the uaer may set

IPLOT to 39 using NAMELIST / OPTION /, must. set the second entry on Card 3 to a positive

integer, e.g., I, and must lene the second entry blank since the output is desired at each standard

printout. The user must supply a DD card of the form

//GO.FT39F0061 DD DSN-T.uh ====='ur, UNIT-SPDA,
~

// DISP = (NEW,CATLG), SPACE-(TRK,(30,2),RLSE),
//DCB -(RECFM - VBS,B LKSIZE - 3156,DSORG - PS)

to define output unit 39. Like the example shown in Appendix F10.A.2, this DD card will generate a l

data set on one of the semipermanent direct access storage devices. The data set name must follow

the same conventions as presented in Appendix F10.A.2. The SPACE and DCB parameters were

derived as follows. Records 1-5 as shown in Table F10.3.5 contain preliminary information and are ,._

written only once. Records 6 and 7 appear in pairs and are written each time the temperature "

distribution is output. The most frequently written large record is 12028 bytes in length. Since the

data set will be created on a 3330 disk. an efficient block size that would not require an excessive

amount of core for the buffer space is 3156. Almost one track of disk space will be required for the

output of each temperature distribution. There will be 20 regular printouts plus the output of the

initial temperature distribution. The preliminary information will require approximately two tracks.

Thus, the total disk space required to store the data set will be approximately 25 tracks. In the

example,30 tracks of space were requested with a secondary allocation of two tracks. The RLSE

option is specified to release any unused disk space after the dati set has been created. Since the

records will be variable in length, the RECFM option of VBS has been specified. The operating

system will allocate two buffers for output unit 39 witheach buffer requiring a little more than 3K |
bytes of core. Thus, the DCB parameters chosen in this example may require an additional 6K bytes

of core for execution of HEATING 6.

I

F10.A-4. Sample JCL

, The control cards ,that are necessary to run the example presented in the first part of this
! appendix on one of the Oak Ridge IBM computing systems are depicted in Fig. F10.A-3. The total

core requirement is approximately 760K bytes (752K for the code,2K for unit 7, and 6K for unit 39). | j
! A total of 770K bytes of core has been requested to give a small cushion of 10K bytes.

.
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//jotmame JW (ccccc),' programer name'
//* GASS CPU 95=yyyz,REGIOkxxxxK, LINES =xxx,I(>xxx.y |

// COMPILE EXEC EUREC
//FCRT.SYSIN II) *

(Insert user-supplied EOlmtAN subroutine C0tRN here)
/*
// SCALE EXEC SCALE,REGI0t>xxxxK
//LKED.SYSIN DD *

INCLUDE MODULES (HEATDr4)
INGGDE OVLY(HEATIZE6)
NAME HEATING 6

.

-/*
//GO.ET07F001 DD dst >T.uidccccc.SAMPTD1P,UNIPSPDA,
// DISP =(NEN,CATIG) , SPACE =(TRK, (2,1) ,RLSE) ,
// DCB=(RECEH=VBS,BLKSIZE>1061)
//GO.ET39F001 DD DSl>T.uidccccc.SAMPPIUf,UNIPSPDA, |
// DISP = (NEN,CATIG) , SPACE = (TRK, (30,2) ,RLSE) ,
// DCB=(RECDNVBS,BLKSIZE=3156,DSCRG=PS)

|
//GO.SYSIN DD *
# HEATING 6

(Insert data decks here)1

('' . DO
/*
//'

Fig. F10.A-3. Format of JCL for Executing HEATING 6 through SCALE
for the Exangle Discussed in Appendix F10.A.;
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A38 TRACT

KENO V.a is an estension of the KENO-V Monte Carlo criticality program and was developed for
use la the SCALE system. In addition to the features avadable le KENO V, KENO V.a offers verse-
tile new soometry capabdities and le-lies printer plots of the geometry. The new geometry features
include (1) the array of arrays option, (2) the holes option, and (3) variable chords for homicylinders
and headspheres.

The array of arrays options allows arrays to be built of other arrays and seated to any depth, subject
to the availahdity of sumciset competsr memory. 'the holes option allows the pienennet of oss or
more geometry regions withis other geometry regions. The depth of hais nesting is limissed only by the
availabdity of sumcient computer memory. The verishis chords option allows a houdephere or head.

,

cylinder to be as small as non existent or as large as a full sphere or cylinder, or any sies la betwess.

The primary purpose of KENO V.a is to desensine k. effective. Other calculated quantities include
lifetime and sneeration time, energy. dependent leakages, energy. and . J - O "-t absorptions, fle-
sions, fluzes, and fission densities.

,

KENO V.a retains the KENO V features such as flexible data loput, the ability to specify origins
for cylindrical and spherical geometry regions, the capability of supergroupies osergy. dependent data, a
P. scattering model in the cross sections, a procedure for matching lethargy boundaries between albedos
and crew sections to estand the usefulness of the albedo feature, and improved restart capabilities.

This advassed user-oriented progresi features simplified data loput and emcient use of computer
storage. This allows the user to readily solve large problems whose computer storage requirements and,

i

! k) geoveMc coe *sity precluded solution whee using older versions of KENO.

!
:
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Fil.1 INTRODUC110N 10 KENO V.a
.

This report eens the terms KENO V a and KENO V to refw to the KENO V.a program. KENO
V.a. a functional module la tas SCALE system, is a moltigroup Monte Carlo criticality program used|

to calculate the k offective of a tb "--
'- ' system. Special features include simpiined data|

lopet, empergrouping of energyalependent data, tas ability to specify origins for spherical and cylimiri-
cal geossetry repons a 7. scattering treatment, entended use of diffenetial albedo renection, aart an

|
!

improved restart espabihty. i

The KENO V data lopet festens nasibuity is the order of lopet. ne single restrioties is that thel
thle meet be essered first and the perunster data, if any, must immediately fouow. A large portion of1

|
th data has been seeigned defesa vaines thes how been fomed to be edeemes for many protissa.,

l

|'. nis enables the meer to rue a problem with a minimum of impet data,

Blooks of impet data are sneered is the form:*

READ XXXX impet data END XXXX ;

i

where XXXX is the keyword for the type of data beias essered. Tim types of data essered isolude
j parameters, geometry region data, array densition data, biasing or weighting dets, albedo boundary

j

conditions, starting distribution information, the .__ c'= salaing i.nbie, entra 1 D (reaction rere)
'-

i cross section ID's for special :,," '' 1 and printer plot information.;

A block of data can be omitted unless it is needed or desired for the problem. Withis the blocks of
i

data, most of the impet is activated by esias keywords to override the de(seit values.
ff

j no geometry impet is very siedler to that of KENO IV, esempt the spesinsation of the biasias data
has been rearranged to miniedes storage . ' _ - ^ As leportant imprevessent is the ability to

spesify the origin for cylinders, hoodeylinders, sphens, and hoodspheres. This allows the see of season-
'

oestric cylindrioni and spherieel shapes and provides a great deel of freedom la positieming thson.
; (. ,)

Aambw imprenomet anews fw hemisylinders and hoodephens whees,em serfees een tw pleesd at any|
i.i

1i disima between the radiu and the origin.
!

As additimal seemetry osovudenes is the availabuity of as ahorsative method for specifying the
| array densition (mined bon or unk ortestation) data. This method utilises FIDO like options for filling'

,
the array.

in. mooi -- -n-g KENO g mary ad=essmen is tw addien of iw may of uren =dH;
4

.

win ~r - ne ==y of ==n o,uo. anows tw oo , uo. of n fm ab. ==n.
The depth of nesting is limited only by computer synes restristions. This option greatly simpiines the

.

t

|! setup for arreys involving differset esits at differest spesings. The hole option allows placing a vak or|,
as array at say desired location within a geometry regios. The emplaced urit or array cannot intersect

;

:! any geometry region and meet be whouy sostained whhin a regies. As enemy holes as wul sangly fit
without latereesties one be piesed la a region. This option is espasieuy seenil for desoribias shipping
casks and aneomri the han gaps = abw seemetrieel festens. Any mawr of helse saa ini,

|'' ;

j doesribed la a problem and soles een be nested to any depth.'
"

As importset feature of KENO Y is the capshiuty of ,,.rN the energy. dependent leforms.
|, tion meh as areas needens and noses. nie amenette festem is eenvend whos un o mpaw nerage is|3

imeminoiset to held the satin prehlen at ones. The _- -,,, - ,
'm data are thee broken lato super-/ '

,

V :
groups that are written on a dimet ensus devise and moved la and out of sammary as meessaary. Thus*

|' larger problems one be rua es senauer semputers.

Anisotropie seesteries is treated by unies disente sesteertas angles. The angles and esensisted pro.
babilities are seeersted la a meneer that preserves the moments of the angular seestering distribution|

| for the selected group.co. group transfer. These moments saa be derived from the oestfleients of a F.
Legendre polysendet espansion. All momsets through the 2a 1 moment are pneerved for n dinerose!

*

r esists sneh that a Lassedes esoffleisets yield ai
saatteries angles. A one to oes -.

- '

mousets, The esses of aere and one senatoring angle are treated is a spesial manner. KENO V osa
'

resegnies that the distr 6bedes is leetropie even if the meer spesines makiple saattering angles, and
thersion seisets from a oestianous isotropie distr 6beden. If the meer spesines oss saattering angle, the

!

(
I ril.l.1

"~
'
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Fil.l.2
,

!code performs semi-continuous scattering by picking scattering angle cosines uniformly over some range
-3* .

between 1 and +1. The probability is aero over the rest of the range.<

Differential albados are available to simulate tracidag la a reflector. These albedos were generated
using the Hansen. Roach 16 energy group structure. KENO Y can estead the use of these albedos to
include other energy group structures. This is does by matching lethargy boundaries between the

'

albedos and cross sections so the appropriate energy transfers can be made. Lethargy boundary tables
are created for both the albedo and cross sectice energy group structures, and the lethargy interval |
coerosponding to the desired transfer is determined bened os a uniform distribution over the lethargy i

- laterval. Am '- "'-- must be made when the energy group boundaries of the albedos and cross |

=ath are differest. Therefore the user should scrutisine the results to evaluate the effects of the
approsimations until as adequate inferimetion base is established.

j The KENO V restart option is easy to activate. Certain changes can be made when a problem is
restarted, including the use of a different random sequenos and turning off certain print options such as

p fluses or the fissions and ^ - '- : by region.-y
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F11.2 THEORY AND11CHNIQUES

:

F11.2.1. THE TRANSPORT EQUATION'

The equation KE'NO V solves may be derived in the following manner, starting with the Boltzmann
neutron transport equation which may be written as'

&V4(X,E,0,s) + 2,(X,E,0,t)+(X,E,0,1)=S(X,E,0,1)
v at(X,E,0,t) +

,

(Fil.2.1)
f,, f, I,(X,E'~E,0'~0,t)+(X,E',0',t )dQ'dE'

,

+

:i
where:-

- neutron flux (neutrons /em /sec) per unit energy at energy E per2

4(X,E,0,t )
steradian about direction 0 at position X at time i moving at
speed v corresponding to E,

= macroscopic total cross section of the media (cm 1) at position X,I,(X,E,f),t ):

|
energy E, direction 0 and time 1,

O :.<x s'-e.a -a.i> - - ,' dirr ti i ii or ta - di- ( -i) -
unit energy at energy E' per steradian about directma O' at posi-

8

tion X, and time t, for scattering to energy E ard direction 0,

S/X E,0,t) = neutrons /cm /sec born at position X and time i per unit energy at3

energy E per steradian about direction 0 (excludes scatter source).

,

I Defining q(X.E. 0,t) as the total source resulting from the external source, scattering, fission and all
| other contributions, the fol;owing relationship can la written.'
'

1,

g(X,E,0,t) = S(X,E,0,t)

(FI 1.2.2)
+ f,, f, I,(X,E'-E,0'~0,i)+(X,E',0',i)dQ'dE' .

Combining Eqs. (Fil.2.1) and (Fil.2.2), assuming the media to be isotropic, ignoring the time depend.
.

ence of the cross sections and converting the equation to multigroup form yields'

(F11.2.3)
1 ' (X,0.t) + 2 V4,(X,0,t) + Z,*(X)+,(X,0,i) - g,(X,0,t) ,

*

v, at

where:

Fil.2.1

w
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F11.2.2 |
*

.

; 3 is the energy group of interest, T
,

[ y, is the average velocity of the neutrons in group g,

4,(X,0,t) is the angular flux of neutrons having their energies in group g, at position X and time t,,

I,,(X) is the macroscopic total cross section of the media at position X for. group g, correspond-
,

1 mg m

' Z,,(X) + f,, 2,(X,E)4(X,E,0,t)dsu
,

[g,4(X,E,0,s)dE.,

where AEg dennes group g, and

q,(X,0,f) is the total source contributing to energy group 3 at position X, and time t in d'i.i.ucs D.
a

i Utilizing the ie! "; X'=X RG. defining the problem to be time-independent, using sa
23 integrating factor on both sides of Eq. (Fil.2.3), and defining

a

T(R) = f Z,,(X R'Q)dR' ,

(-
. , .

.-

|I the following equation can be wntten.
iI
'|
L 4,(X,0) = { g,(X RG,0)e'"8) 4R (Fil.2.4),

-
.

!

{
At this point, the problem becomes an eigenvalue problem. If there is no external source, the source
may be dermed as

9,(X,0) = IfdQ'4,,(X,0')Z,(X,g'- g,D' 0) + fG/X,0) (Fl!.2.5)
.

,

r

4 where:

k is the largest eigenvalue of the integral equation,
-

n
d Q,'(X,0) is the fission souros at position X for energy group 3 and direction 0 (all fission con-
j tributions to group g from all energy groups in the primous generation),

I,(X,g'-+3,D' 0) is the scattering cross section for scattering at position X from group g' and direction

] 0' to group g and direction D.
.

[i la terms of energy, the scatter can be defined as

''
i

l.

i. ,

' )
I

1

I . . _ , _ . ~ . . . ._m, .... . _ . _
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(Fi1.2.6)
[ ,,[ ,,,I,(X,E'~E,0' 0)+(X,E',0')dE'dE

, (X,g'~g,0' 0) - ,

,

f,,,4(X,E',0')dE'

where: I

AE,is the energy range defining energy group g and

AE,. is the energy range dorming energy group g'.*

Assuming the fission neutrons to be isotropw, the fission source Q,'(X,0) can be written as

(Fi1.2.7)
Z[dO'4 (X,0')x(X,g'~g)v (X)% s,(X)f r /Q,'(X,0) - ,

r

9

where:

is the fraction of neutronshrn in energy group g from fission in energy group g' in thextX.g'~g)
media at position X,

is the number of neutrons resulting from a fission in group g' at position X,v,'(X )

is the mawQ fission cross section of the material at position X for a neutron inI ,4X)'j f
energy group g'.

.7
>-1'

Substituting Eq. (F11.2.5) into Eq. (F11.2.4) yields the following equation:4

i

4,(X,0) - fdRe'n* Q/X RO,0)
L

(Fil.2.8)
+ Z {dQ'4,.(X-RD,0')I,(X Rb.g'~g,0' 0).

r

ne definition of k may be given as the ratio of the number of neutrons in the (n+1)th generation
,

to the number of neutrons in the nth generation or the largest eigenvalue of the integral equation.
- Using Eq. (Fl1.2.7), Eq. (F11.2.8) can be written as!

i'

4,(X,0) - [dRe*"8) [v,,(X-RD)2,,(X RO)x(X RO,g'~g)e (X RO,0')' -f r

i (Fil.2.9)~
'

+ Z[dD'I,,,(X RD,0') ' Iry(X RO)
.

r

-
__ - ._ _ _ - - -
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Fil.14

.
~

Writing Eq. (Fil.19) in * generation notation," multiplying and dividing certain terms by Z,(X) and ),

multiplying both sides of the equation by v,(X)2,(X), yield the following equation, which is solved byf

KENO.

v,(X)2 ,(X)
Z,,(X)4,,(X,0) = u,(X)Z ,(X) Z,,(X){ dRe'"*)

=
f f

Z,,(X)I,,(X),

,

'

1 udX-RD)Z '(X-R0) x(X-Ro.,'- ,)I,,.(X-Ra)+,...i(X-Ra,w) do*iaj TJE I,,.(X-R n) ,.

3

'?

+ {{ I,(X-RD,g'--g,D' 0) Z,/LR@e,.,@RpW-

:] (F11*110)
'; ,

3,g,gy,,g)
3
i:

where n indicates the nth generation and n-1 is the (n-1)th generation. Note that the left hand side of
the equation, v,(X) I ,(X)+,,,(X,0), is the fission production for the nth generation.f, ,

The solution strategy utih=ri by KENO V solves Eq. (Fil.110) by using an iterative procedure.
;i The (i.mion production at point X in energy group g due to neutrons in the (n-1)th generation, normal-

i.m to the system multiPh. is

73Lr(X)Z x(X,r'- r)Z,,.(X)+,. ..i(X,o') ggofr(X)1 I u
.

3,,,(y) y.

a
The colhsaos points used in KENO are chosen by selecting path lengths from the distribution

, T(R >

'

:
'i which is the probability of transport from any position X RQ to position X.
1
[ The first collision density of neutrons in group g per unit solid angle about a resulting from the fis-
,! sion source produced by the (n-1) generatico, normalized to the system multiplication,is

b
U

I'*(#)$ ###'" ' IIrf r(X-RD)Z r(X-RD)
=

1 v f

Z,,.(X RD)
:,
ht

x(X-RD,g'-*g)I,,(X RD)+,...i(X-RO,0') 40' .
.

u.,

'

i,
,

o

I

!I

~. -. . . .~
,
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Fi1.2.5

The scattering source at position X emerging in group g and direction D resulting frorn previous colli-
sions in the same generation, is

h '

,(X,g'- g,D' 0)Z-
''' ''' '

Z,,.(X)

The colhsion density in group g, per solid angle about D is

Z,,fdRe'M Z,(X-RD,g'--g,D' D) Z,,.(X-RD)4,.,,(X-RD,D')dD'=
.

_

v,(X)I,(X) is the relationship from which KENO V picks thef
The total colksaca density times

Z,,(X)
.

source points for the next generation.

,

F11.2.2 COLLISION TREATMENT

n.M region when a history exha *ts its mean free path lengthA cotission occurs in a a '

within the boundaries of the region. For each colhsaan, the absorbed weight ani the fission weight are
tabulated, then the weight is modified by the ==haarption probabdity. " Ibis on v weight is checked for
splitting and Russian roulette, and if it survives, the history is scattered. A new energy group is

.

^ selected from the cumulative transfer i,,-l 9 distribution. This group-to g uup transfer determines:, (q'
an angular scattering distribution, usually expressed as a Imgendre expansion of the cross section trans.

-

;
:: v
'! fer array. A set of discrete angles and probabilities are generated by a generalized Gaussias quad-
4: rature procedure,3 preserving the moments of the Legendre expansion of the angular scattering distribu-

tion. KENO V treats Po and P 14gendre exp=aaia== as special cases. If the scattering distribution is
isotropic, a flag is set to randomly select new direction cosines from an isotropic distribution, instead cf

If the distribution is a P expansion, KENO V randomly selects the,,
~ using discrete scattering angles. i

|' cosine of the scattering angle according to

4.,

i
p = (TIlFl) + F ,

L
where fis a uniform random variable between -1 and +1
and F is the mean cosine of the scattering angle.

!-

|' Otherwise, KENO V reanianaly selects one of the discrete scattering angles (p). New directica cosines
are then calculated according to the following relationships where u, y, and w are the initial direction

|
' cosines and s',v', and w' are the direction n=iana after the collision.
q

5 n' = ucce+ - & coon
;

cos SinYsing ,= vcos$ + M gsinY MV'

"" "

M , sin # + M + sin, ,sinw* = w co,+ + cas

:

|

..e

,y- g--- w,w--e - -----ewyw. -.--e,-- - - - - - *w +*.< a --r-- *-- - +-ow ---- --% y---w-- --e.w.- e -._ -- w -- - - - -.
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F11.2.6

where: 7,

sind - G ,4

,

coef = p = comme of the scattering angle,

,- a random azimuthal angle between 0 and 2r.

F11.2.3 BIASING OR WEIGNHNG<

In order to minimise the statistical deviation of k. effective per unit computer time, KENO V utilizes
weighted tracking rather than analog tracking. Weighted tracking accounts for absorption by reducing

| the neutron weight, rather than allowns the neutron history to be terminated by absorption. To pre-
vent expending excessive computer time tracknag low weight neutrons, Russian roulette is played when.

the weight of the neutros drops below a preset weight, WTLOW. Neutrons which survive Russian rou-;

lette are assigned a weight, WTAVG. The value of WTLOW and WTAVG can be assigned as a func.
tion of position and energy. The values used by KENO V are:

,

DWTAV = 0.5 is the default value of WTAVG,
WTAVG = DWTAV is the weight given a neutros that survives Russian roulette, and !

WTLOW = WTAVG/3.0 is the value of weight at which Russian roulette is played.

! A study' by Hoffman shows these default values to be reasonable for bare critical assemblies.
i Figure Fil.2.1, from this study, shows the analytic relationship between the variance and WTLOW h~
i when WTAVG is 0.5. Note that the default value of 0.167 for W13.OW is very cloes to the minimum

spoint on the curve. Experiawatal results of actual Monte Carlo calculations provide further assurance
that 0.167 is an optimum choice for WTLOW when WTAVG is 0.5.

3
Figure Fil.2.2, also from the Hoffman study, shows the analytic relationship betwoon the variance

and the value chosen for WTAVG for a value of WTLOW=0.167. Although the KENO default value
for WTAVG is not the optimum, a close examination of the data shows the variance to be changing rel.

i atively slow as a function of WTAVO. While this study shows a value near 0.26 to be optimum for
this system, further studies of other systems are needed before changing the default value of WTAVG
from the 0.5 that has been used la previous versions of KENO.,

F

L !aside a fissile core, the importance of a neutron is a slowly varying function la terms of energy and
p position. Hence, for many systems, the standard defaults for WTLOW and WTAVG are good values
1 to use. For reflectors, however, the worth of a neutros varies both as a function of distance from the

) fissile material and as a function of energy. As a neutron la the reflector becomes less important rela-
i tive to a neutros la the fissile region, it h desirable to spend less time tracking it. Therefore a
i space- and energywispondent weighting or Inasing function is used la KENO V to allow the user to

miaimi= the variance in k. effective per unit tracking time. When a biasing function is used la a reflec-
1. tor, it becomes possible for a neutros to move from one importance region into another whose WTLOW
j is greater than the weight of tbs neutros. When this occurs, Russian roulette is played to reduce the
/ number of neutrons tescked. When the reverse occurs, that is, the neutron moves to a region of higher

f importance, its weight may be much higher than WTAVG for that region. When the weight of the
neutron is greater than a preset value, WTHI, the neutron is split into two neutrons, each having a

)

.

.. .

.

_

.
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weight equal to one. half the weight of the original asutron. His procedure is repeated until the weight-

of the split neutron is less than WTHI. The default value for WTHI is WTAVG'3.0. WTHI is the
weight at which splitting occurs.

The weighting or biasang function for a given core material and reflector material can be obtained
by using the adjoint solution from S,, type programs for s aimdar (usually simplified) problem. This
adjoint flux gives the relative contribution of a neutron at a given energy and position to the total fis-;

'

sions in the system. The weighting function for KENO is thus proportional to the reciprocal of the
adjoint flux. Although such a function can be difficult to obtain, the savings gained makes the effort
worthwhile for many of the materials that are frequently used as reflectors. Biasing functions have
been prepared for several reflector matenals ma-ly used in KENO calculations, ne use of biasing
to minimn= the vanance la k. effective per unit computer time will usually increase the vanance la
other parameters such as leakage or absorption in the reflector.

E

e i i i i i i

f wtavG = 0.5
'
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!
F11.2.4 DDTERDfHAL ALBEDOS'

Arrays reflected by thick layers of material having a small absorption to scattenas ratso may
require large amounts of computer time to determine k-effective because of the relatively long time a,

A differential albedo technique was developed for use with the| history may spend in the reflector.
KENO codes to alinnante tracking in the reflector. This involves returnias a history at the point itI

| impinges on the reGector and selecting an emergent energy and polar angle frees a joint density func-
tion d=p=ad==t upon the incident energy and polar angle. The weight of the history is adjusted by the
f=-c ea- i neurs from the anector, which is also based on the incident energy rad angle.

-

:

j
T1m charactenstics of a Monstial albedo anulate the attributes of the wh, tor material and m~

I-i ^ t of the material or materials adjeoost to the renector. Thus, a differsetial albedo that is
generated for a gives reGector material can be used with any array, regardless of the type of fuel or fis-

; -

b
sile material contained within the array. ;*

For many eale-la*Ia== involving renected arrays of fissile material, the differential albedo treatmentf is a powerful tool that can significantly reduce the computing time frequimd to deteresiae k-effective.
The savings will vary, depending on the importance of the reGector to the systeen. A substantial effort;

is required to asserate a differential albedo, but the savings gained are well worth the effort for com.
i
' monly used reflector materials.

|

To generate the differential albedo laformation for a material, a fixed source calculation must be '

made for each incident energy and angle. The data presently available for uns with KENO were gen-
4

|'
ersted by c

"- '=I discrets ordinates calculations for slab geometry, repneonting infinite slabs.
!

Consequently, for a flaits reflector, theos data will not correctly treat histories that enter the reflector
near an edge. Past esperience with differmetial albedo reflectors ledicates that k effective appears to be
conservative for saiali faces and will tend toward the cornet reemit as the fees becomes large relative to,| the area oest the careers. llierefore care must be tabes to ensure that any surface to which a differen.

: ' ( ,.
tial albedo is applied is large enough that the errors at the edges can be ignored." ;

Because diffenstial albedos are expensive and v " ; to generate, those e._;r " g to
' the Hansen Roach 16 energy group structure are the only differential albedos currently available for

< use with KENO. In the past, their use was limited to problems utilising cross sections having the'

KENO V esteeds the use of differsetial albedos to other
.

P! Hansen Roach 16 energy group structure.
* ' energy group structures by allowing appropriate energy transfers. Tliis is accomplished by casting !,

lethargy boundary tables for the albedo group structure and the cross section group structure and deter.
mining the lethargy interval w. -Mag to the desired transfer (cross section group structure to.

|
albedo group structure or vios versa) based os a uniform lethargy distribution over the interval. When

i

j the energy group boundaries of the cross sections and albedos are differest, the results should be scru-
tinised by the user to evaluate the effects of the approalemations.) >

I
*

I' Fil.2.5 SUPERGEOUPING
.

j

An important feature of KENO V is the capability of supergrouping energy. dependent leformation.I

!, This lactudes the cross sections, albedos, pointer arrays, weights, leakages, ?- ;M fissions and
fluses. If the available consputer seemory is too small to hold all the problem data at once, KENO V!

determines the number of supergroups necessary to all:w esecution of the problem. A problem cannot,

be supergrouped if the energy dependent data assoaisted with any individual energy group are too large
.

.'
to fit in the available seemory, if enough memory is available to --ad=*= all the energy.

.

|| dependent data at osos, only oss supergroup is created. Ooos the 1. umber of supergroups has beenj- determined, the energy dependent data are arranged la supergroups and are written on the direct scosas
;

supergroup file. During esecution of a problem, the supergrouped data are neoved la sad out of reem-
2

j

! oryasnoosseary.

,

i
_ .
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The advantage of supergrouping is that larger problems can be run on smaller computers. His
capability is gained at the expense of running time and increased I/O's. The more supergroups, the -

,

more I/O's are used and the slower the problem will run because of the banking, sorting, and use of
direct access devices in the solution of the problem.

In order to reduce the amount of data movement between memory and the direct access supergroup
file, KENO V maintains a beak of histories (the neutros bank) and follows all thoes histories that fall
within the current supergroup before going to the next supergroup. Histories that are scattered out of

? the current supergroup are placed back la the beak. When all the histories in the current supergroup
have been processed, the beak is sorted, placing the histones for the most populous supergroup at the

; top of the beak. All other histories are placed at the bottom of the bank. The data for the most popu-
loss supergroup is then brought into memory and tracidag proceeds.'

.

F11.2.6 RE1rTART
't

KENO V incorporates a versatile and convenient restart capability. De decision to write a restart'

file requires the user to specify only the number of gaaerations between writing restart data and the
'

- unit number where the restart file is to be written. A file definition card must be included la the job
contral language for the restart data file. The input data are the first data written on the restart data
file. The group-dependent input data are written a group at a time. This includes the cross sections,
albedos, pointer arrays and weights. The number of records of input data is autommeically determined
by the code and written on the restart data file. After the input data have been written on the restart
data file, the calculated data are written at the end of each specified generation. These data include
the generation number, random number, number of histories per 7- =* , number of energy groups,

g
q bank lengths, common information, the k-effectives by generation, the neutron bank, the fissaca densi-

h!' -t data are written aties, matria arrays, and the calculated grou; ' ; '- t data. These gros; -(.

j group at a time and include leakages, t :-p^'- fissions and fluzes.

1 i

t no KENO V restart capability allows a problem to be restarted at the first generation with differ. '

est input because all data input supersedes data from the restart data file.
,

1
; If a problem is to be restarted at a generation greater than one, the only data that can be changed

q are certain parameter data. Changes la the parameter data that are not allowed laclede (1) requesting
: fissions and absorptions by region if they were not requested by the parent case, (2) requesting fission
f densities and fluxes if they were not requested by the parent case, (3) requesting matria information
j that was not requested la the parent case, and (4) changing the configuration of the neutron bank to be

|
different from that of the parent case.

Because restart data are written a group at a time, a problem may be restarted with an entirely dif. '

,'

forest supergroup structure,

a If a problem is to be restarted following a generation for which restart data were not written, the
j code will write a message and restart with the next available generation for which restart data exist. If
"; no such generation is found, the problem is terminated.

.

!
'

l
!

:

I
. . .

,
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F11.2.7 GEOMETRY

KENO geometry is restricted to the use of specific shapes. These shapes are called geometry
regions or regions. Allowed shapes are cubes, cuboids (rectangular parallelopipeds), spheres, cylinders,
hemispheres, and homicylinders. These shapes must be oriented along orthogonal axes and cannot be
rotated. They can be translated. Ha===phares and homicylinders are not limited to half-spheres and

,
'

j half cylinders, the definitive plane can be positioned by estering a chord. The value of this chord can ,

range from the positive magnitude of the radius (giving a complete sphere or cylinder) to the negative
magnitude of the radius (smag a aero volume, -=i=*a=* sphere, or cylinder).

,

A major restnction applied to KENO goonsetry is that intersections are not allowed. Furthermore,
each successive geometry regica must completely enclose the preceding region. Taassacy and shares
faces are allowed. The volume of a region is the volume of the speedied shaps minus the volume of the
preceding region shape. To alleviate the complete enclosure reatnction, KENO allows multiple sets of
geometry regions with each set indarandaatly governed by this restriction. Each set of these multiple
geometry regions are called units or bom types. Units can be stacked together la a thr- ' ----- ---'

! rectaasular parallelopiped called an array or lattice just as chddren's blocks can be stacked. Units that
,

! are to be stacked together in this manner must have a rectangular par " ', ,-i outer region and the-

adjacent faces of adjacent units must be the same sias and shape. An array can be treated as a build-'

los block and be used as a unit within another array.
;
r

j

The use of holes in KENO V.a allows a unit to be emplaced within another unit, thereby alleviatingi

the restriction that each region within a unit must completely encices all preceding regions within that
unit. However, a bois is not allowed to latorsect other holes or regions. A unit that is to be used as a
hole need not have a rectangular paralleispiped as its outer boundary,

:

i ("
1

|
Multiple arrays can be described la KENO V.a. The global array la an unreflected problem is the

|
outermost array in the problem geometry description. The global array la a reflected problem is the
array referenced by surrounding geometry regions following the last array placement description thatj

{
does not immediately follow a unit number description. See Sect. Fil.4.5.

|
Consistent with past versions of KENO, KENO V.a retains the capability of running a single unit''

problem. A slagle unit problem is one that has no array description.
'
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F11.3 LOGICAL PROGRAM FLOW
.

The general flow of the KENO V program during the solution of a problem is given in this sec-
tion. A formal flow chart is not included because of the voluminous nature of the program. The logi-!

cal program flow is broken up into small sections. The format of each section includes an abbreviated
!

flow chart, a brief explanation of the purpose of that section of the program, and a brief description of
The abbreviated flow charts are drawn with KENO V subroutine nameseach subroutine involved.

contamed in boxes and library routines as bare names. An arrow in the flow chart indicates that the

subroutine associated with the arrow will be treated in detail later in the section.

F11.3.1 PROGRAM INITIATION
ORNL-0WG 8019227R2

MAIN

I Ii

n
INITAL ALOCAT o

o
i >
,

! 1II I I [
(. u-mce>s

$h9>@%$
,

PARAM MASTER''

E*Z>o>mygg>c
i f i f

! Fig. Fl1.3.1. Flow chart of program initiation

The function of this portion of the program is to initialize information, print a header page, call the
parameter reading subroutine PARAM, access subroutine MASTER with the storage space allocated
by subroutine ALOCAT, and clone out the direct access files 'when the problem is completed or
terminated.

. MAIN - This subroutine sets flags to specify the proper mode of data reading for the stand alone
KENO V program. INITAL is called to perform some initialization. MASTER is then
called from ALOCAT with the requested storage allocation. The direct access files are
closed out by CLOSDA when a problem is completed or terminated.

| INITAL - This subroutine calls library routines to perform initialization and print a header page. It:

then reads the problem's title card and parameter read flag and calls subroutine PARAM
<

to do the actual reading of the parameter data.

This call to the library routine JSTIME is for the purpose of storing the initial time inJSTIME -
COMMON / FINAL / for timing purposes.

1

LISTQA - This library routine provides a program verification page for quality assurance purposes.'

FlI.3.1

. . ._ .
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F11.3.2

' "

!IOLEFT - This call to the library routine IOLEFT is for the purpose of storing the initial I/O count 3

in COMMON / FINAL / for future calculations that indicate the number of I/O's used in I

certasa parts of the program.

SCANON - This library routine is called to activate the feature that allows scanning for the word
END when reading data.

.

MESAGE - This library routine is callari with two arguments, an eight-character hollerith argument
and an output unit. Additional library routines are called from MESAGE to print a

'
header page in block letters. The header page includes the eight-cha.m hollerith argu-
ment ( KENO-V ), the date, the time execution was begun, and the job name.,

AREAD - This library routine is used to read alphanumeric data. It is used here to read the title
,

card and the parameter reading flag.

PARAM - This subroutine is called to set default values for the parameter input data and to read
parameter data. See Sect. F11.3.2 for a more dotaded description of PARAM.

ALOCAT - This assembly language library routine is called with two arguments. The first argument
is a subroutine name and the second argument is the maximum number of words of stor-
age to be allocated. ALOCAT calls subroutine MASTER with two arguments, an array
name and the length of the array.

.

MASTER - This subroutine is called by subroutine ALOCAT. It is the controlling subroutine for the f)
bulk of the KENO V program flow. See Sect. Fil.3.3 for a more detailed description'

of subroutine MASTER.
J

CLOSDA - This library routine is called to class out each direct access (de at the normal completion
,

4 or normal termination of a problem.

!
f

J

' F11.3.2 PARAME1ER DATA

ORN L-DWG 8019244R

,

PARAM

;! I

j i IIIIIII
O > - M N 2 "D -4,I r :D 3 "D "U ZZ-

O g> g Z D, 2c C
) -i O

Fig. Fil.3.2. Flow chart of parameter reading . )
|
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Fl1.3.3'

.

De. function of this section of the program is to set default values for the parameters and to read
the parameter input data.

,.

'

|
' PARAM - This subroutine is responsible foi reading the parameter' input data and setting default

values for the parameters. The library routine CLEAR is used to zero parameters that
are defaulted to zero. The pararrater data block is read using AREAD, IREAD,', i

FREAD and ZREAD. Each enay in the parameter data block uses a keyword so the, f ,

y
code can store the parameter data in the correct location. If the problem is a restart''

probica, restart information including the title of the original case, p.i ret.w data and
some common informaten is read from the restart data file. He defaulted and input
ps c tables are printed by PARAM. Some preliminary data checking is done and
appropnate warning and error messages may be printed.

7

CLEAR - This library routine is called to zero the parameters that are defaulted to zero.

AREAD- This library routine can be called many times from subroutine PARAM. It is used to
read parameter names and alphanumeric parameter data.

IREAD - His library routine can be called many times from subroutine PARAM. It is used to
read integer parameter data.

i

l FREAD - This library routine can be called many times from subroutine PARAM. It is used to
read ficating point data.q

'U

ZREAD - His library routine can be called from subroutine PARAM to read a hexadecunal ran-
dom number that will be used as a kernel for the random number package.

RNDIN - This library routine is called from subroutine PARAM to transfer the random number
read by ZREAD to the random number M--- It is called only if a random number

;
was. entered as parameter data.

,

RNDOUT - This library routine is called from subroutine .,aAM to preserve the current random
number so it can be written on the restart data set and printed in the parameter data.

,

TIMFAC - This library routine is called from subroutine PARAM to provide the proper adjustment
factor by which the allotted time is multiplied. This factor adjusts the execution time for
execution on different ccmputers.-

,

,

Y)
.

|

.
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F11.3.3 OVERALL PROGRAM FLOW .

ORNL DWG 83 7629

MASTE R

|
'

h k FITFLX hOATAIN CORRE

5 s E'*

m>

MIXER fIOSDUN WRTRST NSUPG JOMITY PRTPLT KEDIT FREAK

b
y o o o o o o

ICEMIX POINT LODWTS GU10E

*' p o o -

hj Fig. F11.3.3. Flow chart of overall program flow

The purpose of this sectma of the program is to direct the primary flow of KENO V. This covers
the complete scope of the program from data reading to editing and printing the results.i

MASTER - This subroutine controls the primary flow of KENO V. It initinhm the direct access Ai

J files and calls subroutines to read, check and print the input data, calls the tracking rou- 'd
[ tines and prints the calculated results. The number of I/O's used during various opera-
L tions is calculated and printed. The following subroutines are called from MASTER as
| indicated.
i

SUBROUTINE FUNCTION CONDITION
j OPENDA initiahze direct access always
|i IOSDUN initial = I/O's always

] DATAIN read input data always
MIXER mix cross sections if mixing table is read'

ICEMIX read ICE mixed library if cross sections are not
to be used from the restart data file

WRTRST write restart information if a unit is defined for
wnting testart information

; CORRE generate albedo-cross- if differential albedo data
:) section information is used
j NSUPG create supergrouped data always

j POINT calculate pointers always
j JOMITY pnmarily controls geometry processmg always

1 PRTPLT prints specified plots if a plot data block is entered and
the plot option is not turned off

CLEAR initish= arrays where calculated always
i data is stored

LODWTS load biasing data from always
direct access into memory -

GUIDE control tracking always .)
KEDIT edit calculated results always
FITFLX load fluxes for printing if fluxes are calculated
FREAK print frequency distribution always

'

JSTIME timing always

_.. _ .... . _ . _ . _. . . _ _ _ . _ , . - . ..,. - -
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Fl1.3.5

IOPENDA - This library routine initializes the direct access fdes.

)

IOSDUN - This subroutine is called several times to indicate the number of 1/O's used for various
operations.

DATAIN - This subroutine controls the reading of all input data except the title card and param-
eters. It is explamed in more detail in Sect. F11.3.4.

MIXER - This subroutine is called only if -izing table information is to be entered as data. It con-
trols the mixing of cross-section information and writes a Monte Carlo formatted mixed
cross-section library for use later in the program. More details are contained in
Sect. Fil.3.5.

1
-

|

L
ICEMIX - This subroutine reads the Monte Carlo formatted mixed cross-section library and manipu-t

lates the cross sections to obtain the cross-section information used by KENO V. "11 tis

information is then written on the direct access data ide. See Sect. Fil.3.6 for addi-
tional information.

WRTRST - This subroutine is called if a unit has been defined on which to write restart information.)

The function of WRTRST is to write restart information as explained in Sect. F11.3.7.

CORRE- This subroutine is called only if the albedo data block specifies differential albedo data.
,

j lt creates lethargy boundary tables and generates albedo cross-section energy group corre-

O so den e i for-=>-- see sect. vii.3.i rer aditie ai actads.

.
.

NSUPG' The purpose of this subroutine is to create supergrouped information and write it on the
direct access rde as described in Sect. Fil.3.9.

j POINT - This subroutine cale=I=e*= pointers to access data in memory.

JOMITY - This subroutine is pnmarily responsible for generating additional geometry data, checking
the geometry data, writing appropriate geometry error messages, and prir.:ing the geome-
try that is used in the problem. Section Fil.3.10 contains additional detads.;

LODWTS - This subroutine reads biasang information data from the direct access data file, loads it
into memory and prints it as described in Sect. Fil.3.II.

~

PRTPLT - This subroutine is called to generate and print two dimensional printer plots representing
slices through the geometncal representation of the physical problem. See

c

|: Sect. F11.3.12 for additional detads.

CLEAR - This library routine initishzes arrays where the calculated data are stored.

. GUIDE - This subroutine guides the flow of the program through the actual tracking of each his-
tory. See Sect. F11.3.13 for a more detaded explanation.

44' ,4
'6 9 Mpp4 83''&s ' WET P*v r*

b

- - _ _ - - - - - -- _ , _.__ , _ m , ,,, -- - - , , , , - - , - ---



'
.

F11.3.6

KEDIT - This subroutine is responsible for editing the k-effectives and printing the various informa- )
tion calculated by KENO V. Section Fi1.3.14 contains additional details.

1
l

FITFLX - This subroutine is called only if fluxes are calculated. Its purpose is to determine the
maximum number of regions for which fluxes can be contamed in memory and to print
the fluxes. A more detailed description is contamed in Sect. Fil.3.15.

9'

FREAK - This subroutine is called to generate and print the frequency distribution of the k-effective
calculated for each generation. The h%rary routines SQRT and EXP are utihzod in these

,
calculations.

k

L JSTi t aE - Tliis 'ibsary routine is called at the completion of a problem to compute the total amount

[ of time used.

i

F11.3.4 PROBLEM DFSCRIPTION
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Fig. Fil.3.4. Flow chart of input data reading

1

| '

:. This section of the program controls the readmg of the input data, excluding the title card and
j parameter data. After the data have been read, they are written on the direct access data file.

DATAIN - This subroutine controls all the data readmg with the exception of the title card and
i parameter data. It initiali= COMMON /STDATA/, the common that contains the

start data, and initiale= the MT array that contains the ID's of the 1-D cross sectionso

! that are to be utihmed in the problem. The data readmg is accomphshed by reading
j blocks of data as described in the data guide. A keyword precedes the data, indicating
? the type of data to be read. After readmg the keyword, the appropriate subroutine is
" called to read the accompanying data block. After the data block RDBOX has been

read, it is written on the direct access data file. IOWRT is called several times to gener-
ate a table that lists the unit numbers used by KENO V, their names, data set names,

'

and the volume containing the data set. This table can be valuable for quality assurance
, i

, appbcations. Subroutine FLDATA is then called to supply information that was act ') '

! entered as data.

,
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CLEAR- This library routine is called to initialize COMMON /STDATA/. If biasing data are
entered, it is called to clear the space that will contain the biasing data. CLEAR is called
with two arguments, a beginning location and a length. It initializes all included locations
to zero.

AREAD- This library routine is used to read the READ flag, the keyword for the type of data to
be read, the END flag and the keyword for the type of data just completed. It can be |

- called many times from DATAIN. |

RT- This subroutine is called to write data on the direct access data file. It passes information

between DATAIN and RITE.
.

RITE - This library routine is called from RT to write an array of data on the direct access data
file.

ARAYIN - This subroutine is called to read data defining the array size. It also reads the unit orien -
tation data if any are entered as data. ARAYIN is not called for a single unit problem. <

ISee Sect. Fil.3.4.1 for additional information. Data input for the array data block is
described in detail in Sect. F11.4.5.

RTARA - This subroutine is called only if ARAYIN is called. It reads the array data from the
scratch unit and writes them on the direct access device.

,

'

.

EXTRA - This dummy subroutine is provided to allow the user to input extra data that are not nor->
I n ally pim d by KENO V. The user must provide the programming to read and uti-

lize the data.

GEOMIN - This subroutine is called to read the geometry region da*.a. See Sect. Fil.J.4.2 for addi-

i tional information. The saa.,,hy regma data block is described in detail in
Sect. Fil.4.4.1 r

.

IDX1D - This subroutine is called if the number of extra 1-D cross sections is greater than zero
and an extra 1-D data block is entered. It reads the extra 1.D ID's and loads them into
the MT array. The data reading is accomplished using the library routine IREAD. Sec-
tion F11.4.9 describes the data input for defining extra 1-D data.

3
^

MIXIT - This subroutine is called to read the mixing table data block that defines the mixtures
that are to be created. Section Fil.l.4.3 explains the mixing procedure in more detait

i

di RDREF - This subroutine is called to read the boundary conditions (or albedo options) that are to
,,

d be apphed at the outer boundanes of the system described by the geometry data and the
unit orientation data. The boundary condition data block is read using the library routine

.

AREAD Some preliminary data checks are made to detect invalid face code sames and
- incompatible boundary conditions. Section Fil.4.6 describes the data input for defining

the boundary conditions.

. (

.
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| RDSTRT - This subroutine is called to read the start data block that is used to define the spatial dis- T
'

tribution of the initial generation. The library routine AREAD is used to read the key-
words associated with the start data. IREAD and FREAD are used to read the integer
and floating point start data, respectively. The library routine IO is used to write the
start data assocated with start type 6 on the scratch data rue. Data input for defining
the initial source distribution is described in Sect. F11.4.8.

SAVST6- This subroutine is called to save the data ====ted with start type 6. SAVST6 is called
only if start type 6 was specified in the start type data. See Sect. Fil.4.8 for start type

r ,' information. The library routine CLEAR is called to instalize the array that will contain
the start data arrays. The library routine IO is used to read the start data array from the
scratch data Tde and load it into memory. The library routine MOVE is used to move the
start data array into the neutron bank. The library routine RITE is called to write the
neutron bank data on the direct access data Tde.

!

RDPLOT - This subroutine is called to read the plot data block that is used to generate printer plots.
,

Section Fil.3.4.4 explains the processing of the plot data in more detail. Section'

Fil.4.ll describes the plot input data in detail.

WRTPLT - This subroutine reads the plot data block from the scratch data file and loads it on direct
access. IO reads the data from the scratch data rde and loads it in memory. RITE
writes the data on the direct access data rue,i

i
'

RDBIAS - This subroutine is called to read the biasing or weighting data to be used in the problem. ,,3.

1 See Sect. Fil.3.4.4 for more information. The biasing input data block is described in q.)
detailin Sect. F11.4.7.

,

IOWRT - This subroutine is called with five arguments. They are, in order, (1) the output unit, (2)
,

. a four-character hollerith name representing a unit name, (3) the unit number represented
_

I by the second argument, (4) the number of words of hollerith information contained in.

! the fifth argument, and (5) hollerith information to be printed. IOWRT is called several'

! times to generate a table of the unit numbers, their names, the data set names, and the
volumes on which each resides..

' DTASET - This library routine is called from IOWRT to provide the da a set name of the requested
2 I/O unit and the volume on which it resides.
.

RDRST - After the data reading is complete, this subroutine is called if a unit containing data for
restarting the problem has been defined. It loads data from the restart data Tde as

(

( described in Sect. F11.3.4.5.
!
.

i FLDATA - This subroutine is called to supply default data for arrays that were not entered as input.
Section Fil.3.4.6 contains a more dotaded account of the exact procedure..

t

.

~
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Fl1.3.4.1 Array Data
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Fig. F11.3.5. Flow chart for reading array data

i
j nis section explams the procedure involved in reading the array data used in the problem.

J~

ARAYIN - His sdbroutine is called from DATAIN when the words READ ARRA are encountered.
It is responsible for reading the data parameters that define the size of each array. The
unit orientation array data block for each array is read by HLFWRD for the FILL

j option and by RDBOX for the LOOP option. BOX then writes the array data on the
scratch data file. The data readmg is done using the library routines AREAD, IREAD,
and YREAD. Section Fil.4.5 describes the data read by this subroutine.

4

AREAD- This library routine is used to read the keywords associated with the array data.

IREAD- This library routine is used to read the integer data associated with the array data.-

.,

STOP- This library routine is called to write an error message and stop if insufficient memory is
available to accommodate the unit orientation array.

,

; YREAD- This library routine is called to read the unit orientation data for the FILL option.

'$'

$ HLFWRD - This subroutine is called only if the FILL option is used for entering the unit orientation
data. The purpose of HLFWRD is to convert the unit orientation array data from full'

-? word integers to half-word integers.

"
BOX- This subroutine is called to write tne array data on the scratch data file.

,

r
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RDBOX- This subroutine is called only if the LOOP option is used for entering the unit orientation T

data. It uses the library routine IREAD to read the unit orientation data. Some data
consistency checks are made and appropriate error messages are written if errors are
encountered. If the input geometry is to be printed, RDBOX prints the unit orientation
for each array.

RCHRS- This subroutine is used to read the comment associated with an array. GETPTR is used
to return the current pointer iin the input buffer. RSTPTR resets the pointer. AREAD is
used to read the input data and RCRDLN sets the length of the input buffer. STOP is.

called to write an error message and stop if the array comment is too long (i.e., the end-
ing delimiter is missmg). *

-

Fl1.3.4.2 Geometry Data
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Fig. Fil.3.6. Flow chart for reading geometry datao
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GEOMIN - This subroutine controls the reading of the geometry data. KENOG is called to read
each geometry region specification and write it on the scratch data unit. Pointers for the
data arrays are then calculated and CLEAR is called to initialize the data arrays.
READGM is called to read the data from the scratch data unit and load them into the
appropriate data arrays. The data block read in this portion of the program is described
in Sect. Fl1.4.4.

KENOG- This subroutine uses AREAD to read the geometry word. IREAD is called to read the
unit number for a unit or box type. It is also used to read the number of reflector regions
on a reflector card. XXIN is called to read the mixture number, the bias ID number and,

J
[, the geometry dunensions. The ongin specification, if any, associated with a sphere, hemi-

9 sphere, cylinder or Myu dc is read by RDORGN. The chord specification, if any,
associated with a hemisphere or hemicylinder is also read by RDORGN. The necessary''

geometry data block is written on the scratch data unit. If the input geometry data block-

is tre be printed, KENOG does this as the data are read.

XXIN - This subroutine is called to read the mixture number, the bias ID number and the geome-
try dimensions. IREAD is used to read the mixture number and bias ID number.
FREAD is used to read the geometry region dimensions.

,

XXINA is an entry point in XXIN. It is called when the geometry word ARRA orXXINA -
ARRAY is encountered. It reads the mixture number and the geometry dimensions.'

IREAD is used to read the mixture number. FREAD is used to read the geometry region
j

I ha
RDORGN - This subroutine uses AREAD to read a word. If the word is ORIGIN, it uses FREAD to!

-

read the points defining the origin. If the word is CHORD, it uses FREAD to read the,-

offset of the plane with respect to the origin. If the word is not ORIGIN or CHORD, a

i flag is set to prevent KENOG from attempting to read another geometry word.

'I
'. i RCHRS- This subroutine is used to read the comment associated with a unit in the geometry region

data. GETPTR is insed to return the current pointer in the input buffer. RSTPTR resets"

the pointer. AREAD is used to read the input data and RCRDLN sets the length of the_9

input buffer. STOP is called to write a message and terminate the problem if the com-;
.t ment is too long.
l

READGM - 11 tis subroutine reads the geometry data from the scratch data unit and loads them into .
.

,; the proper arrays.
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hF11.3.4.3 Mixing Table Data
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Fig. Fil.3.7. F*ow chart for reading mixing table data

This section deals with readmg the mixing table data.

|: MIXIT - This subroutine uses AREAD to read the mixture keywords and the scatterihg keyword.
i IREAD is used to read the mixture numbers and the number of scattering angles as weil gn

a the auchde ID's. FREAD reads the number densities. The necessary data arrays are 09,

{ written on the scratch data file. Pointers are calculated for the necessary storage arrays
'

and RDMIXT is called to load the data from the scratch file into the storage arrays.

i STOP- This library routine is called from MIXIT if the storage space is insufficient to hold the

j mixing table arrays.
4

.

| RDMIXT- This subroutine reads the mixing table data arrays from '.he scratch data file and loads
them into the storage arrays.
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F11.3.4.4 Plot Data
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,

This section of the program reads the plot or picture data used to generate printer plot maps of the
mixtures, units and/or bias ID's used in the problem. The plot input data block is described in
Sect. F11.4.11.

|
;

RDPLOT - This subroutine uses MOVE to initialize the plot title to the problem tit!c and the table of
characters to the default values. CLEAR is called to initialize the data arrays. MOVE is
also used to save data to be used in multiple plots. RCHRS is used to read the plot title
and the character string of symbols to be used in the plot. AREAD, IREAD and
FREAD are used to read the plot or picture input data. SQRT is used to determine the
normalization factor for the direction cosines and IO is called to load the plot data on the<

i scratch data file.

RCHRS- This subroutine is used to read the plot title and the character string that defines the sym-
bois to be used in the plot. GETPTR is used to return the current pointer in the input'

,; buffer. RSTFI'R resets the pointer. AREAD is used to read the input data and
>i RCRDLN sets the length of the input buffer. STOP is called to write an error message

if the plot title is too long and terminate the problem.
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FlI.3.4.5 Biasing Data y
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: Fig. Fil.3.9. Flow chart for reading biasing data

This section of the program reads the biasing data used in the problem. The biasing input data
block is described in Sect. Fil.4.7.

!

I

i RDBIAS - This subroutine is responsible for readmg the biasing data block and writing it on the
', scratch data file. AREAD is used to read the keywords used in the biasing data and a ;
I title for the biasing material if the energy and space dependent values of the biuing func-

'

-

L * ion are entered from cards. IREAD and FREAD are used to read the numerical data.
Pointers for the storage arrays needed to process the biasing data are determined and
WAITIN is called to load the data from the scratch data file into the storage arrays and

, write them on the direct access data file.
I i

WAITIN - This subroutine reads the biasing data block from the scratch data file and'!oads it into
? the storage arrays. IO is used to load the energy and space dependent biasing function

(wtavg) into the storage arrays. RITE is used to write the biasing data on the direct
access data file.
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Fi1.3.4.6 Restart Data
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Fig. Fil.3.10. Flow chart for readmg restart data;{ O1

This section of the program reads restart information from the restart data file.

RDRST - This subroutine is called only if the problem is to use data from the restart data file. The
,3

program recognizes that restart data will be read if the restart unit is defined as a number

j greater than zero.10 is used to load the array that contains the 1-D ID's from the re-
.,

start data file. Each type of data is loaded from the restart data file using IO and is writ-'
ten on the direct access data file by RITE. All restart data except the mixed cross-
section data, the differential albedo data, the array data, and the biasing data are pro-
cessed directly in RDRST. RDICE is called to load the cross-section data on the direct
access data file, RDALB is called to load the differential albedo data on the direct access

<

data file, RDARA is called to load the array data on the direct access data fde, and
;

RDWTS is called to load the biasing data on the direct access data file.
t

:
: RDALB- This subroutine is called from RDRST to read the albedo data block from the restart

}
data file and write it on the direct access data fde. IO is used to load the albedo pointer
and length arrays into memory from the restart data ide. CLEAR is called to zero the-

albedo pointer and length arrays and RITE writes them on the direct access data file.
Each record of albedo data is read from the restart data rue, loaded into memory using
IO, and written on the direct access data file using RITE. When all the records of albedo

' data have been pr--I the updated pointer and length arrays are rewritten over the
initial ones using RITE.

.
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RDICE - This subroutine is called from RDRST to read the cross-section data block from the re- ')
start data file and write it on the direct access data file. CLEAR is called to zero the
pointer and length arrays. The length array is then read from the restart data file. RITE
is used to write the pointer array and the length array on the direct access data file.
Then IO and RITE are used to load the cross-section data from the restart data file and
write them on the direct access data file. This procedure is repeated for every record of
each mixture. The updated pointer and length arrays are then rewritten over the initial
ones using RITE. -

?

RDARA- This subroutine is called from RDRST to read the array data block from the restart data
fde and write it on the direct' access data file. IO is used to load the data from the restart,

data file and RITE is used to write them on the direct access data fde.
,

RDWTS - This subroutine is called from RDRST to read the biasing data block from the restart
data fue and write it on the duet access data fde. IO is used to load the data from the
restart data fde and RITE is used to write them on the direct access data file.

F11.3.4.7 Generate Remaining Dara

,
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This section of the program is responsible for generating data blocks that are required to solve a
,

problem but are not entered directly as data.

FLDATA - De library routine REED is used to load data arrays from the beginning of the mixtures
used in the geometry through the geometry data. SORTA is called to determine which
arrays and holes are used as well as the array and hole nesting levels. RITE is called to
write the geometry data on the direct as. cess data fde. RGUSED is called to determine
which geometry regions are used in the eroblem. SORTR is callad to generate the mix-
ture w.. - , - '- = array. It is called again to generats the bias regma corr =y=wlanc=
array. These ., '- = arrays are used to avoid storing mixture cross sections and-

biasing data that were entered as data but are not actually used in the problem. 'If
boundary meditions specify differential albedo data and they are not available from the

.

restart data rds, DIFALB is called to read the albedo data block and load the requested
data on the direct access ide. If the requested biasing data were unavailable from the

I restart data rde, WATES is called to load the energy and position biasing functio a (wrevg
array) on the direct access data file.,

ISORTA. This subroutine checks to see that the global array is properly defined. It determines t! e'

.

array correspondence array and the nesting levels for holes and arrays. SORTA uus
CLEAR to initialize arrays. REED is used to load the array data and STOP is used to
write an error message and terminate if more computer storage is needed for the problem.

HO3 - This subroutine is called from SORTA to determine what holes occur at the next nesting
g

level and to adjust the array nesting level for arrays that occur in holes. It also checks to3

j J be sure holes are not recursively nested.

.

LOCBOX - His function subprogram is called from SORTA to determine the unit or box type at a
given position in the unit orientation array.

i
' RGUSED - This subroutine deternaises which geoawtry regmas are used in the problem. The library

routine CLEAR is called to aero the space for the region correspondence array. LSCAN
,

j determines if a particular unit or box type has been used in the unit orientation array and
3 if it has, LODRGC is called to load the regma number into the region correspondence

array.

LSCAN - This is a logical function that returns a value of true if the specified unit or box type is

.
^ used in the unit orientation array. A value of falso is returned if the unit or box type was

not used in the unit orientation array.
.

LODRGC - This subroutine loeds the regica number in the region correspondence array.'

ISORTR - This subroutine in called twice from FLDATA to create a mixture correspaadmace array
and a biasing w in, "- = array. These w.. M arrays are used to avoid stor-
ing mixture cross sections and biasing information that were defined in the input data but
were not refersaced in the geometry data utilised in the problem. They are also used
throughout the code for accessing the proper mixture cross sections and biasing
information.

, ..,1 _ . . . . - , . . _



- . . - _. . . - _ _ _ . - _ _ - .=- .

l

|
*

,

Fil.3.18

|
*

DIFALB - This subroutine is called if differential albedos are specified as a boundary condition but ),
are not available from the restart data file. It rewinds the albedo data file, reads the
header record and calculates pointers. ALBRD is called to load the albedo data.

|
.

! ALBRD - This subroutine searches through the albedo data fde to locate the requested albedo name
or boundary condition. If it is not found, an error message is written. If it is found, the

i,

h number of different differential albedos that were requested are tabulated and ALBUSE

[ is called.
:

} ALBUSE- This subroutine writes the pointer array on the direct access data file.10 is used to load

j data from the albedo data file and RITE is used to write the data on the direct access
data file. Then the pointer and length arrays are rewritten on the direct access data file.i

s
WATES - This subroutine reads the biasing input data block from the direct access data file and'

reads the KENO V weights library. STOP is called if the computer storage space is too
small to contain the energy and position Wt biasing function (wravg). IO is used*-

; to load the biasing function into a temporary storage array. If a specific biasing function
j is to be used, MOVE is called to load it into the wtavg array. If biuing or weighting
j data are entered from cards, REED is used to load the data into a temporary storage
' array. If a specific biasing function that was loaded from cards is to be used in the

problem, MOVE is called to load it into the wravg array. When all the data have been
processed, RITE is called to load the biasing input data on the d: rect access data fde.>

RITE is caded again to load the wravg array on the direct access data fde.'

;"N
i
!! D

T'11.3.5 CREATE A MIXED CROSS SECI10N DATA FILE
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_

The function of this portion of the program is to utilize the mixing table data and AMPX working
format library from the cross-section data file to create a Monte Carlo formatted mixed cross-section
data file. This data file has the same format as an ICE mixed cross-section MORSE / KENO library.'

MIXER - This subroutine controls the mixing of cross sections and the generation of the angles and
probabilities to create a Monte Carlo formatted mixed cross-sectma library. First the
mining table is read froni the direct access data file, MIXCRS is called to generate the
mixture corr =pnadaar= array, and JLL2 is emilad to generate the array that points to the
beenning of each group in the triangulanzed mixture array. XLNTHS is called to calcu-
late the number of direct access blocks required for the mixtures and MIXMIX is called
to do the mixing. MAKANG is called to generate the angles and probabilities from the
mixed cross sectans, and MAKTAP is called to write the Monte Carlo formatted mixture
tape.

MIXCRS - The mixture coricsW array is generated by this subroutine. This array relates the
mixture number in the mixing table to the mixture index.

-

JLL2 - This routine generates an array of pointers that point to the beginning location of each
energy group in a triangularized mixture transfer array.

XLNTHS - This routine computes the number of direct access blocks necessary to hold the n:ixtures.-
.

'

Q' MIXMIX - This subroutine controis the actual mixing of the cross sections. See Sect. Fil.3.12 for
a more detaded description of subroutine MIXMIX.

; MAKANG - This simbroutine controls the generation of angles and probabilities. See Sect. Fil.3.13
for a more detaded desenption of subroutine MAKANG.

MAKTAP - Subroutine MAKTAP is used to write a mixed cross-section library in a format similar to
the ICE-II' Monte Carlo library format. MAKTAP calls SCOOT to compress out zero
1-D cross sections.

1

SCOOT - Tliis subroutine eliminates 1-D cross sections that are zero in all groups.'
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F1I.3.5.1 Cross-Section Mixing ~1
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Fig. F11.3.13. Flow chart of mixing operations .

o

MIXMIX - This subroutine controls the actual mixing of the cross sections. It calls PRTMIX to
print the mixing table and calls NNITL to initinhm the mixtures. It then reads the input
AMPX working library, calls MIX 1D to mix the 1-D cross sectmas, and calls MIX 2D to
mix the 2-D arrays. After all the nuclides selected from the working library have been
mivM the already mixed cross sections may be used as input for further mixing opera- .]""

j tions using MIX 1D to mix the 1-D cross sections and MIX 2M to mix the 2-D cross sec-
' tions. NORMID is then called to normahm the fission %- and to prepare the

? adjoint production cross sections if necessary. CMPRS is called to generate the magic
word array and to compress the 2-D arrays. SUMSCT is called to sum the transfer array

;i by group and NORM 2D is called to convert the transfer array to a probability density

}.
function.

PRTMIX - This subroutine prints the requested number of scattering angles and the mixing table.
.

,

NNITL - This subroutine initishms the mixture cross sections to zero on the direct access storage.

a

MIX 1D - 11 mis subroutine auxes the 1-D cross sections. It mina most 1-D cross sections using

i: number densities, but the fission % is mud barod on v2 #E for the nuclide
-

f

p being ==M The flux is the flux used to geacrate the multigroup cross sections, if it is

d available. Otherwise a flat flux'is used. If the problem is an adjoint case, MIX 1D

] prepares the cross sections in adjoint form as they are mixed.

!
'I
. MIX 2D - This subroutine mixes the 2-D cross se:tions from a working library. The mixture cross

D sections are stored in a triangulariad array. If the problem is an adjoint case, MIX 2D

|
prepares the cross sections in adjoint form as they are mixed.

.

MIX 2M - This subroutine mixes previously mixed 2-D cross sec' ions into new mixtures using new
d;number densities or volume fractions.

,
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NORMID - This subroutine is used to normalize the fission spectrum vector. If the problem is an
adjoint problem, it also interchanges the fission spectrum and vZ .f

1

CMPRS - This subroutine compresses out zeros in the 2 D mixture arrays and generates the pointer
array used to access data in these arrays.

SUMSCT - This subroutine is used to sum the transfers for each group.

- NORM 2D - This subroutine normalizes the transfer arrays and divides the P arrays by (2 + 1).g

|
F1I.3.5.2 Generate Argles and Probabilities
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.! Fig. F11.3.14. Flow chart of angle and probability generation
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MAKANG - This subroutine controls the generation of angles and probabilities. If the available stor-'*

age is insufficient to generate all the angles and probabilities for one mixture at a time,
MAKANG supergroups the data. Subroutine PRANG is called to actually generate the
angles and probabilities for a supergroup.
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PRANG- This subroutine reads the mixture data for a supergroup and loops through each transfer )|

in the supergroup. It calls LEGEND to convert the Legendre expansion to moments.
GETMUS is called to generate the orthogonal polynomials aad ANGLES is called to

,

generate the angles and probabilities. If there is an error, BADMOM is called to print
the data input and the data corresponding to the angles and probabilities actually used.

:

LEGEND - This subroutine determmes the moments of a function from a Legendre expansion of the
function.

| GETMUS - This subroutine calculates the 8,'s and a,'s that deterame the orthogonal polynomials, the
|, Q,'s.2

ANGLES 'Ihis subroutine determines the angles and probabilities from the Q, polynomi=In : It calls
FIND to determine the roots of Q,, and calls the function Q to evaluate Q,.

FIND - This subroutine finds the roots of a polynomal Q, by using an interval-halving technique.

Q- This function evaluates a polynomial Q, by using the recursion formulas.
Q,.i(x)=(x 8,. )Q4(x) a'Q4--i(x).s

Qo(x)- 1.0, and
Gi(x)-x pi.

BADMOM - This routine is called when an error is detected in generating the angles and probabilities.
!;. BADMOM prints the Legendre coefficients that were input to the calculation and the ]",
l moments corresponding to these coefficients. It then computes the moments correspond-

] ing to the angles and probabilities actually generated and the Legendre coefficients
wuAg to these moments. BADMOM then prints these moments and coefficientsa

so they may be compared with the original moments and coefficients.
q

'l F11.3.6 WRrrE CROSS SECTIONS ON DIRECT ACCESS FILE
d
a
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This section of the program is responsible for reading the Monte Carlo mixed cross-section library,
selecting the desired information, and writing it on the direct access data ide.

|

|
|

ICEMIX - This subroutine reads information from the Monte Carlo mixed cross-section library, per-
forms preliminary checks for data e~=i *m, calculates pointers for the desired data
arrays and calls RDTAPE to actually read the library and write the desired information

,

on the direct access data rde.
'

RDTAPE , His subroutine reads the Monte Carlo formatted muod cross-section library, sorts out
the data needed by KENO V, and wntes the data on the direct access data rtle. The

,

'

library routine SQRT is used in calculating the inverse velocities used by KENO V.
De library routine 10 is used repeatedly to read and load data from the Monte Carlo
formatted mixed cross-section library. RITE is used to write data required by KENO V
on the direct access data file. XTENDA is a library routine that is called to extend the

,

number of blocks for a direct access device if too few blocks were inid=Inal XSECID is-

called to process the 1-D cross sections. RDTAPE manipulates the pointer array and
writes it on the direct access data rde. The Po cross sections, angles and probabilities are
also rW by RDTAPE.

:

XSECID - This subroutine sorts the 1-D cross sections and loads them in the following order: total
cross section, scattering cross section, production cross section, absorption cross section,
extra cross sections for special purposes, and the fission spectrum. De extra cross sec-

i tions require the user to provide programming to utilize them. If one of the required
*

(]
cross sections is not found, it is padded with zeros. De cross sections are normahzed by

V the total cross section and the fission is summed and normnin=1 to 1.0. The''

data are transferred back to RDTAPE where they are wnttee on the direct access data'

rde.
'

>

d
; F11.3.7 WRrrE INPUT DATA ON RESTART FILE

,

I
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Fig. F11.3.16. Flow chart for writing data on the ri, start data (de
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This section of the program is responsible for writing all data except the calculated results on the T
restart data file. This section of the program is omitted if a unit number has not been assigned for the
restart data file. This information is entered as parameter data, WRS , as described in Sect. Fil.5.3.'

He calculated results are written on the restart data file later in the program. The restart data file is
used for restarting a problem.'

WRTRST - This subroutine writes the input data on the restart data fde. The array that contains the
;'

ID's of the 1 D cross sections is written first. De geometry data, miains table data, start
data, and energy and inverse velocities are also written. WRTARA is called to write the

3
array data and unit orientation data, WRTALB is called to write the albe:lo data,'

WRTICE is called to write the cross-section data, and WRTW15 is called to write the
,

? biasing data.
?

h WRTARA - This subroutine is called from WRTRST to write the array number, array size and

,

corresponding unit orientation array on the restart data fde for each array that is entered
in the problem. He library routine REED is used to read the data from the direct access
data file and 10 is used to write it on the restart data file.

.

WRTALB - This subroutine is called from WRTRST to write the albedo data on the restart data file.
The library routine REED is used to read the albedo data from the direct access data file
and 10 is used to write it on the restart data fde.

L WRTICE - This subroutine is called froan WRTRST to write the cross-section data block on the re-
) start data file. The library routine REED is used to read the cross-section information

front the direct access data file and 10 is used to write it on the restart data file. -}}
i

9 WRTWTS - This subroutine is called from WRTRST to write the biasing input data block on the re-
start data file. The library routine REED is used to read the data block from the direct4

access data fde and 10 is used to write it on the restart data fde.
! !

1 F11.3J GENERATE ALBEDO CROSS SEC110N CORRESPONDENCE TABLES
a
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Fig. Fil.3.17. Flow chart for generating correspondence arrays }-
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This secten of the program generates the correspondence tables that are necessary to correlate the
energy group structures of the cross sections and albedos. It is invoked only if differential albedos are'

used in the problem.

CORRE- This subroutine is called only if differential albedos are used. The library routine
CLEAR is used to initinhas the arrays CORRE reads the energy bounds for the albedos

!
and the cross sections and converts them to lethargnes by using the library routine ALOG.'

RATIO is called to create a probabdity array relating the cross-section energy bounds to
those of the albedos. A second call is made to RATIO to create and print the probability
array relating the albedo energy bounds to those of the cross ==ctia== RITE is used to

write the corrW tables ce the direct access data file.
.

RATIO - This subroutine generates the pointer array thst is used to access the albedo data. It also
generates probability arrays that are used to correlate the cross-section energy group
structure with the albedo energy group structure.

.,

F11.3.9 GENERATE SUPERGROUPED DATA
;
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Fig. Fl1.3.18. Flow chart of super group creation
I

( The function of this section of the program is to create supergrouped data from the energy-
)I dependent input data. It determines which energy group has the largest amount of data associated with

it, and determines how many supergroups must be created to be able to fit the data into the available*

computer memory. The energy groups associated with each supergroup are tabulated and supergrouped
data are written on the direct access supergroup data file, one supergroup at a time.

.
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.

NSUPG - This subroutine controls the creation of the supergrouped data and writes the on the 3
direct access supergroup data file. The library routines RD and REED are used to load

,

the cross-section data and albedo data from the direct access data file. PRTXS is called
j to print the cross section information as described in Sect. Fil.3.9.1. POINT is called

L to determine the storage requirements of the nonsupergrouped data and create pointers to
access these data. The first portion of the additional information table is printed in the"

computer output. RTADJ is then called to right adjust the albedo boundary condition
These albedo boundary condition names are then printed in the additionalnames.a

information table, thus completing the table. If insufficient space is available, STOP is-

d called to write a message and termmate the probleas. A rough estimate of the number of
supergroups is made and an unphed loop iterative procedure is used to determine the

; number of supergroups that must be created to fit the problem in the available space.
IXALB is called to determine the amount of space required for the albedos corresponding
to a cross-sectaon energy group. A check is made to be sure the largest amount of data

", for a single energy group will fit in the available memory. If they will, supergrouping is
possible. Otherwies a message is written and a stop is executed. Once the number of
supergroups is determmed, LIMLN is called to calculate and print information in the
space and supergroup information table. The printed information includes the supergroup;

and correspondag energy groups, the length of the cross section and albedo data for the
supergroups and the total length of each supergroup. FILLSG is then called to construct
the supergroups as described in Sect. Fl1.3.9.2.-

PRTXS - His subroutine prints the cross-section information as described in Sect. Fil.3.9.1.

.

f POINT - This subroutine determines the storage requirements of the nonsupergrouped data and {.h~j creates pointers to access data within the nonsupergrouped storage array.

!!

RTADJ- His subroutine right adjusts the albedo boundary condition names which are read in as-

left-adjusted data. RTADJ utihzos the library routine ICOMPA to determine if a chu-
acter is blank.

'

r,

il
3 IXALB - This function determines the amouct of space necessary to contain the albedo data
e corresponding to a cross.section energy group.

| LIMLN - This subroutine is called to calculate and print the supergroup number, the energy groups
contained in the supergroup, the length of the cross section and albedo data in the super-,.j group, and the total length of the supergroup. IXALB is utili=I to obtain the amount of
space required to contain the albedo data corresponding to a cross-sectice energy group..

i
i
b.

FILLSG . This subroutine constructs supergroups as described in Sect. Fil.3.9.2.

a -

i'

\"

,
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Fi1.3.9.1 Print Macroscopic Crors Sections

ORNL-0WG 80-19228
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;

! Fig. F11.3.19. Flow chart for printing macroscopic cross sections
!

|

This portion of the program prints the macroscopic cross-section data for materials used in the prob.
.

Iem description.

!O
| PRTXS- If macroscopic cross eareha are not to be printed, a return is executed. PRTXS loops
i over the number of mixtures that are used in the problem. REED is used to load the

j data, and pointers into the data arrays are calculated. If the space is insufficient to con-
: tain the data, a message is printed. If 1 D mixture cross sections are to be printed,
; PRTIDS is called to print them. If the extra 1 D cross sections are to be printed, REED

is used to load the data and PRT2DS is called to print them. If the number of scattering1

angles is grerter than aero and the mixture probabilities and angles are to be printed,

j REED is used to load probability data and PRT2DS prints them. Then REED loads
angle data and PRT2DS prints them.-

i PRTIDS - This subroutine prints the macroscopic l D cross sections, one energy group at a time.
1

I PRT2DS - This subroutine prints a tMi-iaani variable length array in a compact manner.-
,

|

|

a.
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F11.3.9.2 Write Supergroup Data File )
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Fig. Fil.3.20. Flow chart for loading supergrouped data
i

i This portion of the program collects the group-dependent data by supergroup and writes them on
the direct access supergroup data fde.

'

FILLSG - This subroutine is responsible for filling the supergroups and writing them on the direct
'

access supergroup data fde. For each supergroup, CLEAR is called to initinha the work-
ing space. Pointers are calculated for the data arrays and space is allotted for the calcu-
lated data such as fluxes that will be supergrouped. The library routines REED and RD

:. are used to load data front the direct access data fde into the proper arrays a follows-
For each mixture the inverse velocities are loaded, followed by the pointer array and all

i the I D cross-section arrays. RD and REED are used to load the 2 D arrays from the
d direct access data fde. FIL2D is called to load them into the supergroup. Pointers are

;

calculated for the albedo data and SGALB is called to load the albedo data into the
supergroup. SGWT loeds the average weight array (biasing data) into the supergroup.
FILLSG then calls RT to write the calculated data for the supergroup on the direct

,

; access supergroup data fde. RITE writes the groupdependent data on the direct access
p supergroup data fde.

!

FIL2D - This subroutine loops over the number of mixtures. It uses RD to load the 2-D cross-
section data for the supergroup from the direct access data fde; first the to data, then for<

each scattering angle, the angles and probabilities. The pointer array is redefined so the,

supergrouped data can be =<===4

|

l SGALB- This subroutine uses REED and RD to load the albedo data for the supergroup from the
direct access data file. It loops over the number of differential albedos used in the
problem. Then the pointer array is redefined so the supergrouped data can be act==aai

.,

SGWT - This subroutine loops over the number of biasing regions used in the problem. RD is used
to load the r.verage weight array from the direct access data file. If any average weight
entry remams undefined or zero, it is set to the default value of weight average.

|

L. . _ . , . . . _ . . . . . . _ , , . . -__ . . . - . - _ _ _ . - . - .
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RT- This subroutine is called to write the calculated data (fluxes, etc.) on the direct access
supergroup data file.

RITE - This library routine is used to write the group-dependent data for the supergroup on the
,

| direct access supergroup data file.

F11.3.10 PROCESS GEOMETRY

ORNL-DWG 83 7631R

_

JOMITY
,

I
h CORSIZ PRTJOM ARALBA JOMCHKLOADIT
c

I C
p z 1 r

|-

|} PRTLBA VOLUME
" O s ARASiZ .t

:s Y
m
-t
0
o

LSCAN
i

b
i

Fig. Fil.3.21. Flow chart for processing geometry

This portion of the program is primarily responsible for loading the geometry data, generating addi-
tional geometry data, checking the geometry for consistency, writing error messages.related to the
geometry, and printing the geometry that is used in the problem.

e JOMITY - This subroutine is responsible for generating additional geometry data, checking the
j geometry data, writing geometry error messages, and printing the geometry.
-

LOADIT - This subroutine loads the geometry data and the non-supergrouped portion of the albedo
data. Section Fil.3.10.1 contains a more detailed description of the procedure. .

CORSIZ - This subroutine sends the appropriate lattice or array information to ARASIZ for each;. ,

| lattice that is used in the problem. Using this information, it calculates the overall posi-
tive dimensions of the global array. The library routine, SQRT, is utihzed to calculate
the maximum chord length of an unreflected array, a reflected array or a single unit
problem. I

1
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ARASIZ - This subroutine uses the array unit orientation data to calculate the positive dimensions of 3
the core boundary for that array or lattice. The function LSCAN is called to determine

'
if a specified unit or box type has been used in the array. ARASIZE also checks to
assure that the faces of adjacent units are the same size and shape. Several error mes-
sages are written if errors are encountered.

LSCAN - This is a logical function that returns a value of true if the specified unit or box type.is
used in the unit orientation array. A value of false is returned if the unit or box type was
not used in the unit orientation array.

PRTJOM - This subroutine prints the geomeky data that are used in the problem.

ARALBA - This subroutine calls PRTLBA for each array that is used in the problem.

PRTLBA - This subroutine is called to print the unit orientation data for each lattice or array that is
. used in the problem. It prints the error and/or warning messages associated with each
| lattice. STOP is called if a unit or box type number exceeds 10,000.

JOMCHK - The purpose of this subroutine is to perform consistency checks on the geometry data and
write the appropriate error messages. See Sect. Fil.3.10.2 for additional details.

VOLUME - This subroutine is responsible for calculating the volume of each geometry region and the
cumulative volumes for each unit that is used in the problem. See Sect. Fil.3.10.3 for hadditional details.

.
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Fl1.3.10.1 Load Data From the Direct Access File
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d Fig. F11.3.22. Flow cf. art for loading data from daect accessj
.

This portion of the program loads data from the direct access data file into permanent memory.

LOADIT - This subroutine calls the library routine REED to load the geometry data. If the problem
is an array problem (lattice geometry), LODARA is called to load the lattices that are
used in the problem r4nd recompute and readjust the array nesting level array and hole
nesting level array. If multiph boxes are used in &c problem, PRTARA is called to printa
the unit orientation array for each lattahised in the problem. , BOXC is called to load

-:i
the box correspondence array and LODALB is called to load the non-supergrouped por-

j tion of the albedo data. ,

f
LODARA - This subroutine is responsib'.: for loading the lattices (unit orientation arrays) that are

used in the problem, computing the hole nesting level array, and computing and adjusting
.,

the array nesting level array. CLEAR is used to initialize the arrays and REED is used,,

to load the unit orientation arrays. HOLE and LOCDOX are both called by LODARA.

;e
,

HOLE- "Iltis subroutine is called from LODARA to dr.termine which holes occur at the next nest-
ing level and to adjust the array nesting level for arrays that occur in ho!cs. It also
checks to assure that holes are not recursively nested. CLEAR is used for initialization

. purposes and STOP is called if holes are recurdvely nestM.

,

I
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i

LOCBOX - This function is called from LODARA to return the unit or box type at a given position )~
in the unit orientation array.

,

PRTARA - This subroutine prints the unit orientation array for each lattice that is used in the
problem.

| BOXC- This subroutine uses the number of units or box types and the geometry regma number
corresponding to the first and last geometry region of each unit to generate the box corre-

| spondaar* array which contains the unit or box type number for each phy region.
j This is loaded in the appropnate position as it is generated.

|
LODALB- Tliis subroutine calls the library routine REED to load the pointer and length arrays for

the albedo data from the direct access data file. REED is used to load the nonsuper-
grouped albedo data, for each albedo that is used, into a temporary array. A loop over
the number of angles is then used to load these data into the appropriate arrays. When
all of the albedos used in the problem have been prs ==4 REED is ca!!ed to load the
pointer arrays for the cross sections and albedos as well as the arrays defining the albedo
to cross-section energy group correlation.
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Fl1.3.10.2 Check Ihe Geometry Data
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Fig. Fil.3.23. Flow chart of geometry checking procedure
t

t

This portion of the program checks the geometry for inconsistencies, surface intersections, and other

);} errors.

.
JOMCHK - This subroutine checks each geometry region to assure that it does not intersect the next

outer region. If an intersection occurs, an error flag is set and an error message is writ.
ten. JOMCHK checks each surface of the outer region for an intersection. If the surface'

is a planar surface, XXLIM is used to return the farthermost point of the inner region in
the direction of the plane specified in the call (Le., for the x face, XXLIM returns the |

most negative x value of the inner region). For a spherical sarface, SRMAX is used to
return the length of the maximum radius vector of the inner region with respect to the
origin cf the outer region. For a cylindrical surface, CRMAX is used to return the length
of the maximum radius vector of the inner region with respect to the axis of the outer

| region.

I
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CRMAX- This function determines the maximum cylindncal radius vector of a geometry regma
with respect to a given axis, and then returns the magnitude of that vector. See
Sect. Fi1.3.10.2.1 for additional details.

XXLIM - This routine returns the maximum coordmate of an int:rior region a,.. Jag to a par-
ticular face direction (for negative face directmas enumtti means most negative).

:

i

SRMAX - This function determines the msnmum radius vector of a geometry regma with respect to
a given ongs, and then returns the magnitude of that ve: tor. See Sect. Fil.3.10.2.1 for'

additional dotads., ,

HOLCHK - This subroutine is responsible for assunng that a hole doesn't intersect any other geome-
try regma. ADJUST is called to adjust the <limaamman of the hole with respect to the ori-;

gin of the unit that contains the hole. HOLEXT is called to check for a hole intersecting'

the region external to it. HOLHOL is used to check for a hole intersecting the regma
internal to the region that contains the hole. It is also used for checking for the intersec-
tion of two holes.

ADJUST - This subroutine corrects the dimensions of a region represented as a hole, with respect to
the origin of the unit that contains the hole.

4

i HOLEXT- This subroutine checks for a hole intersectag the ressoa external to it. XXLIM is used
to return the farthermost point of the hole in the direction of the plane specified in the

.,

!. call. CRMAX is used for a cylindncal surface to return the length of the maximum
+radius vector of the hole with respect to the axis of the outer region. SRMAX is used for

a sphencal surface to return the length of the manimum radius vector of the hole with,

respect to the outer region. ,

l

HOLHOL - This subroutine is, responsible for assuring that a hole doesn't intersect the geometry'

resma internal to the region that contains the hole. It also checks for holes intersectag
I each other. XXMIN is used to return the nearest point of the hole in the direction of the

plane specified in the call CRMIN is used for a cylindncal surface to return the le'ngth;

! of the minimum radius vector of the hole with respect to the axis of the outer region.
XRMIN determines the minimum coordinate of a hole with rerpect to a flat circular face.'

| SRMIN is used for a sphencal surface to return the length of the minimum radius vector
' of the hole with respect to the region being checked for an intersection.

! XXMIN - This function returns the minimum coordinate of the hole with respect to the face of the
cuboid specified in the call SQRT is utih=1 in determining the minimum coordinate of
sphencal or cylindncal holes.

1 CRMIN - This function returns the magnitude of the minimum cylindrical radius vector of a hole

j' with respect to a given axis. See Sect. Fil.3.10.2.1 for additional dotads.

|

! XRMIN - This function determines the minimum coordinate of a hole with respect to a flat circular
face. SQRT is used in processing sphencal and cylindrical holes.

SRMIN - This function returns the magnitude of the minimum radius vector from the center of a ]-
sphere to another geometry region. See Sect. Fil.3.10.2.1 for additional dotads.
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Fil.3.10.2.1 Determine Distancer
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Fig. Fil.3.24. Flow chart for dietmara to intersection

I
1
: This section of the geometry checking procedure is utihzed in checking for geometry surface

intersections.

CRMAX- This function determines the manimum cylindrical radius vector of a geometry region
with respect to a given amis, and then returns the magnitude of that vector. Depending on
the geometry type, CRMAX may call CRSPRD to generate the cross product of two voc.
tors, DOTPRD to generate the dot product of two vectors, VECADD to add two vectors

; together and VECNRM to multiply a vector by a scalar. STOP is called if geometry
i lacr=ai=*aaei== are encountered.

.

SRMAX - This function determines the maaimum radius vector of a geometry regma with respect to
a given origin, and then returns the magnitude of that vector. Depending on the geome.,

try type, SRMAX may call CRSPRD to take the cross product of two vectors, DOTPRD
to take the dot product of two vectors, VECADD to add tw vectors together, and
VECNRM to multiply a vector by a scalar. STOP is utiled tf geometry inconsistencies
are encountered.

. . _ . . . . _.
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CRMIN - This funcdon determines the minimum cylindrical radius vector of a geometry region with 3
respect m a given axis and returns the magnitude of that vector. The geometry type ''

determines which functions will be used to calculate the minimum radius vector.
DOTPRD is used to generate the dot product of two vectors, CRSPRD generates the
cross product of two vectors, VECNRM multiplies a vector by a scalar, VECDIF
subtracts two vectors, and VECADD adds two vectors together. STOP is called if geome-
try inconsistencies are encountered.

SRMIN - This function determines the minimum radius vector of a geometry regen with respect to
a given origin (center of a sphere) and returns the magnitude of that vector. Depending

- on the geometry type, SRMIN may call DOTPRD to take the dot product of two vectors,

,
CRSPRD to take the cross product of two vectors, VECNRM to multiply a vector by a
scalar, VECDIF to subtract two vectors, and VECADD to add two vectors. STOP is

<

called if geometry inconsistences are encountered.

CRSPRD - This is a utility routine to generate the cross product of two vectors.

DOTPRD - This function returns the dot product of two vectors.

VECADD - This subroutine returns the result of adding two vectors.

VECNRM - This routine scales a vector by a constant.

hVECDIF - This subroutine returns the difference of two vectors.
;
i

Fl1.3.10.3 Cakulate Volumes

ORN L-DWG 83-7633R
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Fig. Fil.3.25. Flow chart for calculating volumes )
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|

This portion of the program is responsible for calculating the volume of each region used in the
problem, the cumulative volumes for each unit used in the problem, the number of times each unit was

| used in the problem, and the total volume of each regma summed over all occurrences.

I VOLUME- This subroutine calculates the volume of each regma for every unit that is used in the
, problem. It then calculates the cumulative volumes for each unit. CLEAR is used to ini-

tuhas arrays. If an external reflector is present, HUNTER is called to determine the
number of times each array and/or hole is used in the reflector. GOCURS i.s used to
deterimas the number of times each unit, array and hole is used in the probica.
GTVOLS is called to calenlaw and print the number of occurrences for each unit and the
AMg total volumes for the entire system. .

IIUNTER - This subroutine deterames the number of times each unit, array and hole is used.-

i CLEAR is used to initishze stor. ige arrays for the present hole level and the next hole
level MOVE is used to move the storage arrays.

GOCURS - This subroutine loops over the array size and calls HUNTER to determine the number of
times each unit, lattice or array, and hole is used in the problem.

$

GTVOUS - This subroutine calculates the total volume of each region for the entire problem by mul-
i

tiplying the volume of the region by the number of times the region is used in the
Problem.

.

i
O Fu 3.n tO*o =Smc = w=c=Tmc om" <
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Fig. Fil.3.26. Flow chart for loading biasing datag
e.

q
p This portion of the program is executed only if the input parameter data contain PWT=YES, as'
| described in Sect. Fil.4.3. If biasing data are to be printed, the program loads and prints the average

weight array.
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'
LODWTS - This subroutine is responsible for printing the bias ID's versus the material ID's used in '

the problem and for loading and printing the biasing or weighting data. The number of
sets of data that will fit in the available memory is calculated. Then the library routine
CLEAR is used to initinh= that space. RD is used to load the data that will fit and
PRTWTS is called to print it. Then the entire process is repeated until all the biasing or
weighting data used in the problem have been loaded and printed.

PRTWTS - This subroutine prints the group. dependent weight average array for each biasing region
,

- in a compact fashinn

F11.3.12 GENERATE PRI!WER PLOT

; ORNL-DWG 83 7634
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Fig. Fil.3.27. Flow chart for pmtures or plots

j . His portion of the program generates printer plots of a tM- Wal slice through the geometry.
1 'As many plots as are desired can be printed.
,

f

r PRTPLT - His subroutine controls the generation of the printer plots. If the plot is specified to
print by unit numbers, subroutine UNTCRS is called to generate a unit correspondence

I array. REED is used to load the psture data from direct access. ne picture title is
! printed and subroutine RELATE is called to print a heading for the symbol map and

print the symbol map. The picture coordinates, direction cosines and number of symbols )
across and down the page as well as the step intervals are printed. Then subroutine,

PRINT is called to generate the actual psture.

I

. . . _ . , . _ . ~. . . .
,
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PRINT - This subroutine determines the number of pages that will be needed to print the picture.
Subroutine MESH is called to load the appropnate mixture numbers, unit numbers or
bias ID numbers for each line of print for the picture. Then PRINT prints the line of+

symbols corresponding to them. I

i
1

MESH - This subroutine loads an array that contains the appropnate mixture number, unit num- '

bor or bias ID number for each character in a line. CLEAR is called to initishze arrays
if nested holes or nested arrays are present in the problem. LOCATE is called to deter-
mine the geometry regica and unit or box type thr.t contains each mesh point. MESH
then loads the auxture number, unit number, or bias ID number.

LOCATE- This subroutine is responsible for @-- ' ; the geometry regma for each mesh point in
the picture. If the mesh point is within an array, FINDBX is called to deterame the
position within the lattice or array that contains the mesh point. LOCBOX is then called
to determine the unit or box type that contains the mesh point. POSIT is used to deter-
mine the geometry regica that contains the mesh point.

.

FINDBX - This subroutine locates the position in an array that contains a specified point.

'

LOCBOX - This function returns the unit or box type at a given position in an array.
,

I
1 POSIT - This subroutine determines the region within a unit that contains a specified point.1

A

O -

F11.3.13 PROCESS HISIURIES BY SUPERGROUP
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Fig. F11.3.28. Flow chart of trackmg routines
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; This section of the program is where the tracking of the individual histories is done, one supergroup
at a time.+
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GUIDE - This subroutine contais the tracking procedure. It loads the calculated data for a re- )
started problem, calls subroutine START to obtain the initial source distribution, calls
CHKSTR to load the initial starting distribution in COMMON /NUTRON/ and prints
the starting points as requested by the data. The library routine CLEAR is called several
times to initishze arrays. IOLEFT and JSTIME are called to initinhas the I/O's and
time for the tracking procedure. SQRT is used in =timating the lower limit of the 99%
confidence interval of the sample distribution of k effective.

,

The heart of subroutine GUIDE is a loop over generations, from the starting genera-
; tion to the number of generations requested. Subroutine RESET is called to accumulate ,i

the fission source and the source vectors for matnx k-effective. It also counts the number
of histones in each supergroup and determines the supergroup with the largest number of
histones. Then subroutine BANKER is called to sort the histones by supergroup, loading

,
the largest supergroup at the top of the bank. GUIDE calculates pointers for the super-
grouped data and loads the supergrouped data using the library routine REED. TRACK
is called to do the actual tracking. The library routine RITE writes the calculated super-,

grouped data on the direct access supergroup data file. When all the supergroups have3

been processed, NSTART is called to provide the fission source for the next generation.
Then FISFLX it called to calculate matrix information and statistics for the calculated
data. GUIDE then checks to be sure sviricient time and I/O's remain to assure that
another generataos can be piR If another generation cannot be piw and re-
start data are to be written, WRTCAL is called to write the calculated data on the res-
tart data file. A message is printed by GUIDE stating the reason for terminating the
CalCulatina

[ GUIDE is a very important subroutine in KENO V. The following table is provided to assist in (.h
F, understanding the functions perfonned by the subroutines called by GUIDE.
I
L

SUBROUTINE FUNCTION CONDITION
JSTIME monitor time usage always
RDCALC load cale=I=tari data for if the problem is restartedi ,

i restartmg a problem
! REED load data from direct access always
;

supergroup data fde
RD load data from direct access always,

START proyuis initial source if the problem is started
with the first generation

CHKSTR print starting points if requested
INDX incate cross section index always
RESET count lustones/ supergroup always
BANKER sort the neutros bank always-

TRACK track indmdual histones always
j RITE write data on direct access always

('e NSTART provule fission source for always*

the next generationi

FISFLX c=Ic= lata statistics always
IOLEFT

.
monitor I/O usage always

PULL > termianta problem if excessive time is used
WRTCAL write data on restart fde if a restart data file is

to be created j
.
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JSTIME - This library routine is called several times from GUIDE for timing purposes.

RDCALC - This subroutine is called only if the problem is being restarted at a generation greater
than 1. Its purpons is to read data from the restart data Tde and write the supergroi pod
data on the direct acosas data ide. See Sect. Fil.3.13.1 for additional
informataos.

R FED - This library routine is causd early in GUIDE if a problem is not being restarted in order
to load data that are needed to create the intial souros distribution. REED is called to
load supergrouped data for the supergroup being processed from the direct access super-
group file.

,

RD- His library routine is called to load the rassion spectrum for use in creating the initial ,

'

source distribution.
,,

^
START - This subroutine is responsible for creating the initial source distribution. See

i Sect. Fil.3.13.2 for additional dotads.

CHKSTR - This subroutine calls the library routine MOVE to load the initial source distribution into
COMMON /NUTRON/. If the starting points are to be printed, TRKWRT is called to
print thens using the debug tracking format.

.

4

]
~ the current asutron in the debug tracinas format. When TRKWRT is called tom

TRKWRT- This subroutine is called from CHKSTR to print informatian about the current status of.

q
j CHKSTR, the information of interest is the position at which the neutron was std'ed.
i; RNDOUT is called from TRKWRT to make the current random number available for

Printing.

:!
:) CLEAR - This library routine is caued to initialias the fismos density array and the arrays that hold
:* the matru k-effective and associated statistics.

a
INDX- This subroutine is called only if the average number of neutrons per fission and the aver.

1 age energy at which fission occurs are to be calculated. (See Sect. F11.4.3, NUB .)
INDX determines the position of the fission cross section la the extra 1 D cross section
array. He fission cross section is required for calculating the average energy at which"

j fission occurs.

W RESET - This subroutine is called to accumulate the fismos source and the source vectors for the
matnx k-effective and to count the number of hatones in a supergroup.

a
if BANKER - His subroutine m responsible for sorting all the particles in the current supergroup into

'

the top of the neutros beak and all other particles into the bottom of the bank..

.

TRACK - His subroutine is responsible for the actual tracians of each individual history. S .e
Sect. Fil.3.13.3 for a detailed description.i

.
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4

RITE . When the program returns from TRACK, RITE is called to write the calculated super. 1
grouped data on the direct access supergroup data file.

PULL- This library routias is called fross GUIDE to set a time interval that results in a acostan.
dard return if that time interval is exceeded. This is for the purpose of preventing the

'

program froma looping indefinitely. PULL is called later in GUIDE to reset the time
interval as appropnate.;

NSTART- This subrouties is called freen GUIDE to provide the fission source for the next genera.
tion. See Sect. Fil.3.13.4 for specific dotada.

L

FISFLX - This subroutiae calculates statistia for k-effective, the matna k effective, fissions, absorp.
tions, leakassa, and fluxes. Section Fil.3.13.5 co itains additional details.,

.

IOLEFT- This library routiae is called to determine if sufficient !/O's remais to allow processing
another generataan.

WRTCAL If a restart data file is to be created, this subroutine writes the calculated information on
i the restart data file with a frequency specified by the parameter data (Sect. Fil.4.3,

RES=). RNDOUT is called to preserve the random number. Then the generation4 .
'

aumber, random number, number of histones per ;--- ^' number of energy stoups,
; beaked information, some comunos infwmation and all the k effectives calculated to this

'
j point ans writtee on the ruotart data fik. The asutme beak and, if requested, the fission
! densities are written. If matria k effecdm information is requested,10 is used to write it c.
n on the restart data file. Then WRTCAL loops over the number of supergroups, calculat. E ~

] ing pointers, using REED to lead data from the direct acosas supergroup file and calling
'

WRTGRP to write the y_; ' , "- t alal=*=8 information os the restart data file.-

When all the data have been written, a message is printed.,

i

WRTGRP . lais subroutine writes calculated data (leakages, absorptions, fle=L==, and if requested,

]9 fluxes) for each energy group on the restart data file.
,,

C
! Fl1.3.13.1 f.oad Calculated Jtestart Data
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j Fig. Fil.3.29. Flow chart for loading calculated restart data
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His sectma of the program loeds the calculated data such as k-effectives and fluxes from the restart
data file if the starting generation number is greater than I.

RDCALC This subroutine is called from GUIDE if the starting generation number is steater than I.
His indicates that a calculation is to be restarted using the starting generation number as
the first ;--- = = to be processed. Thus au the res. tits that were calculated la a provi.
ous rua must be loaded from the restart data fue to catious the calculation. RDCALC
reeds the previously calculated data freen the restart data fue and checks for consistency
agniast parasmeters that were entered as loput data. Appropriate messages are printed if
1"- are encountered. RNDIN may be causd to load a new random number.
10 is used to load data from the restart data fue. Pointers are calculated for the super.
grouped restart data and RDGRP is caued to read the __; ( '- t data from the--

restart data file. RITE is used to write the restart data on the supergroup data file.

P

RNDIN - This library routiae is caued to load a new random number for use with the restarted
problem if a random number was setored la the parameter input data.

10 - This library routine is used to load matria k effective information if it is to be calculated.

RDGRP- This subroutine is used to load the supergsouped data from the restart data file. This
includes leakages, fissions, absorptions and f.'uaes.

| RITE - This library routies is used to write previously calculated results on t,he direct access
supergroup data fue so the problemi can be restarted properly.s

'
.

FlI.3.13.2 Generere Inittel Sowse Morributton
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Fig. Fil.3.30. Flow chart for providing laitial souros distribution
4

This portion of the program is responsible for generating the Initial source distribution in scardance
,,

with laformation specified la the start data (see Sect. Fil.4.8).

4
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.

t

| START- Dis subroutine is responsible for generating the initial source distributim if fissile T'' a.aterial is not used la the problem, STOP is called to write a message and terminate the
j problem. Appropriate messages are printed if the specifies start type is incompatible with

the geometry configuration. Subroutine VOLFIS is called to calculate the volume
i fraction of fissile material Dee STARD, STRTSU, STARTI, START 2, START 3,
'

START 4, STARTS, or START 6 is called to generate starting points having the charac.
I teristics specified la the start data (see Sest. Fil.4.3). Subroutine LOC 30X is causd
| aner both START 2 and START 3 to determine the unit samber at the speedied position

,

la the array. Subrousias LOCATE then determines the geometry region that contains the'

spesined point by utilising POSIT, FINDBX and LOCBOX. FINDBX is causd to looste
i the position withis the array that contains the starting point. LOCBOX is called to
[ deseradas the unit semiker looseed at that position la the array. The starting point is
? translated to the coordinate system of the unit and POSIT is caued to determine which
I regson withis the unit contains the starting point. A check is thee made to be sure the
j regios contains fissile ansterial If it does not, the point is discarded. If the region coe.

tains fissile material OTISO is caued to provide the laisial direction cosises. START !
'

! uses FLTRN to set the laisial energy group and MOVE is causd to load the initial data !

I for the history into the neutros beak. JSTIME is caued to be sure the suowed time is
! act esoseded. If it is, or if the required number of souros aestrons have been generated,
! the starting is torinimaand If too few initial source neutrons exist, FLTRN and MOVE
! are used to fill the remaisias starting positions from those that were generated. A mes.
! sage to that effect is then priated.
:
;

| STOP- This library routine is called from START to write as error message if fissile material is
; not stuised la the problem description. At least oss misture having a acesero fission '),spostrum mest be used la the problem description. ;

,,

f VOLFIS - Die subroutine determines the volume fraction of flesile material la na unrenected array
? e :s array whose reflector material is not fissile. It deteranses the volume fraction of
I finsde material la the system for single unit problems and reflected problems having fissile

! reflector material if the volume fraction of fissile material is found to be aero, as error
j snessage is written and esecution is teradasted.
J

;
' STARTO- This subroutine is called from START to generate a uniform laitial source distribution la

a cuboidal volume. Dis is sooompushed by choosing points uniformly throughout the vol.
une by using the library routine FLTRN, and discardias points that do not occur la fis.

,

| sus matenal See Sest. Fil.4.8 and Table Fil.4.6 for assistamos la modifying the
; default boundaries over winah the starting points are chassa.

i

f STRTSU- Dis subrouties is called to generate a uniform initial souros distribution for a single unit !

| problems or a refleeted probleem for which the user has spenfled that the reflector be
; laeluded is the starting distribution. FLTRN is used to choose points uniformly through.
! out a suboidal volume. AZIRN and FLTRN are used to choses points uniforady |

| throughout a cylindrical or headsylindrical volema. OTISO and FLTRN are used to
'

choose points unifonaly throughout a spherical or i" ;i-A.! volume. ,

' A2!RN - This library roudne provides the elas and cosias of a random asinuthat assie.
|

-

f !~

GTISO . This Ubrary routiae provides the direction cosines of as lootropically distributed random )
direction. It is used to generate an iwtropic souros distribution.

|

|

|

[
._ - -
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STARTI. Eis subroutine is used to provide starting points chosen from a cosine distribution. The |

library routines ARSIN and FLTRN are used to provide the cosine distribution. See )
Table Fl!.4.6 for dotads of the various initial starting distributions.

:
IARSIN . His library routine is the arcmas function, y-arcoine(x), and is used in generating a

cosine source distribution.

START 2- His subroutine starts a spacined fraction of the initial source distribution uniformly la
fissile assanal la the unit located at a specined pa=*a= la the global array. The remain-
der of the laitial source is chosen froan a cosias distribution as described in Table Fil.4.6.
START 5 is called to determine the source points located la the unit at the spacined loca-
tion, and STARTl is called to choose points frans a cosine distribution.

LOCBOX This function is called to return the unit or box type at a given position in a given array.'

START 3- This subroutine starts all the laitial source neutrons at a specified point within the unit
located at a specified position in the global array.

START 4 In this subroutine, a unit type is specifwd for starting the initial source distribution. A
uniform sampling is made over the global unit orientation array to locate units of the
specified type, and start the ini:iti some neutrons at a specified positions within these
units. CHOOSE is called to determine the positions within the global array that are

j occupied by the specified unit type.,

. }'

CHOOSE This subroctime locates the positions of a specined unit within the global unit orientation
array by raedcaily choosing positions in the array and discarding them if the specified
unit was not at that position. The library routine FLTRN is used to randomly choose

j positions la the unit orientation array.

4

] FTARTS. His subroutine starts the laitial source neutrons uniformly la fissile material wi%n a
specified unit type. A uniform sampling is made over the global unit orientation array to
locate units of this type by utilizing subroutine CHOOSE.

J

START 6 This subroutine starts the initial source neutrons at points specified by the user. These
,

points must be specified relative to the origin of the global array. See Tc51e Fil.4.6 for
exact specdicaniana

LOCATE. This subroutine determines the geometry ressos that contains the specified starting point.
FINDBX is used to determine the poist's lae=*iaa in an array LOCBOX d:termines the

1 unit number at that laemaiam and POSIT deteradnes the region withis the unit.
.

POSIT - His rubiouties determines the region within the unit that metains the specified position.

FINDBX - This subroutine locates the position in as array that contains a specified point.,

, LOCBOX . His function returns the unit or box type for a specified position la an array.
5

i

~
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MOVE- This library routine is called from START to toed data from COMMON /NUTRON/ a
into the neutron bank. It is also used to pad the neutron bank to provide enough starting
positions if too few were initially created.

FLTRN - This library routine is called from vanous subro6 tines during creation of the initial source
t distribution, to return a r= adam number between ruro and 1. START calls FLTRN to

aid in choosing the initial source neutrons. It is also called if too few starting positions
were generated. It is used to randomly ch- se from the initially created starting positions
to pad the neutros bank until sumcuot startmg points exist.

,

JSTIME - This library routine is used for timing purposes.

-

F11.3.13.3 Track Individual Historier
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Fig. Fil.3.31. Flow chart for tracians ladividual histories
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TRACK- This subroutine is called by GUIDE to accomplish the actual tracking of the individual
histones. Each history is tracked, and its contributions to the various calculated results
are tabulated, until it escapes from the systars or is killed via Russian roulette. If a his-
tory changes supergroups as a result of a collisio or an albedo reflection, it is stored in
the neutron bank. In the course of trachas a history, an initishzation call is made to

c subroutine ALBIN if differential albedo boundary conditions are utihand in the problem.

| LDWRT may be callari to print debug informatiaa and, if history tracks are to be
I printed, TRKWRT is called from strategic lae=tia== throughout TRACK to provule perti-

neat information about the lustory as it moves through the tracking promes. The library
routiae MOVE is utdiand throughout the tracking procedure to move data in and out of
storage arrays and cana-a== FLTRN is used to provide random numbers used in play-

,

' ing Russian roulette, processing in --r+., pecknas fission points, picknas scattering
angles and determanias the fissica energy group. EXPRN provides a ranniam number,
=lactari froan an awpaaantial distribution, to be used as the number of mean free paths a
history can traverse. CROS is called to determine if a boundary crossing has occurred.
LOCBOX is called to determine the unit at a specified location in an array. ALBEDO is
called to process differential albedo boundary meditions. The library routine GTISO is
used to provide direction cosines from an isotropic distribution. SFLRA prov: des a ran-
dom number between -1.0 and 1.0 for use in processing anisotropic scattering. SQRT is
used in calculating the direction cosines of a history after it has a collision. AZIRN pro-
vides the sine and cosine of a random azimuthal angle for use in the anisotropic scattering

i

treatment of a Mimaa

ALBIN - His subroutine contains the entry point ALBEDO. An initialization call is made to
| ALBIN by TRACK.

O
LDWRT - His subroutine prints debug information that is useful only for a programmer. It is

called if BUG-YES is specified in the parameter data (see Sect. Fil.4.3). In normal
operation, this subroutine should never be called.

MOVE- His library routine is utilized frequently la TRACK to move data in and out of storage'

j arrays and an=maan

TRKWRT - Dis subroutine is called from various locations in TRACK to print information about the
current neutron as it is being pia- M RNDOUT is called from TRKWRT to make-

the current randoes number available for printing.,

,

p FLTRN - This hbrary routine provides a randose number between zero and I. TRACK utilizes
~

thens random numbers for playing Russian roulette, proceanas downscatters, picking fis-
sion points, determining scattering angles and determining the fission energy group.+

] CROS- His important subrouties is r=paanihla for proosesing both inward and outward crossings
(i.e.,it determines when a history has moved out of one geometry region lato another). It*

detensines if a crossing has actually occurred, and if it has, the coordinates of the cross-;

i ing are upgraded to give the crossing point. The fraction of the path length used is also

h determined.
'

,

.

|

i

.
'
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CROS consists of eight major sections. Four Wikel packages exist; one each for
cuboids, cylinders, spheres and hemispheres. Henucylinders are special adaptations of the
cylinder package. Each geometncal package contains progr===ing for inward crossings

| and for outward crosmass. The vanable N indic=*= the type of crosang being v.m l,

| N 4 0 checks for an inward croomas and N > 0 checks for an outward crossing.
The vanabis M is the croomag indic=*ar, indicating whether or not a real crossing occurs.
M-0 means a real crosmag does not occur. M-1 indic=*= a successful crosmag. SQRT ,

is the only hbrary routies utahand in CROS. It is used in the cylinder and sphere peck-
ages to solve the quadratic equation for the fraction of the path length that is used.

'
,

. LOCBOX - This function returns the unit or box type for a specified position in an array.

ALBEDO - ALBEDO is an entry point in subroutine ALBIN. It is responsible for processing a dif-
forential albedo reflectica. The directen comass for the face where the albedo reflection
occurs are loaded, and the incident angle and the albedo energy group corresponding to
the incident energy group are determined. The pontion of the albedo energy group within
the supergroup, and the first cross-sectica energy group and the number of cross-sectica

| '

energy groups corresponding to it are deter ==ad This is used to calculate the new
cross-section energy group of the history. Then the returning angle and direction cosines,

are catral=ead The history's weight is then corrected for the weight lost in the albedo
portion of the problem. The weight lost in the albedo reflection is ====d

L and one that is used to select (1) the albedo energy group correspondaag to the input .]~FLTRN - This library routies is causd from ALBEDO to return a random number between aero

I energy group, (2) the returning albedo energy group, (3) the returmag energy group

[ e .% - -E g to the returning albedo energy group and (4) the returning angle.

ii EXPRN - This library routine is called from TRACK to provide the number of mean free paths to
|; the next coikman. This randon number is poched from as exponential distribution.
h
L

GTISO - This library routine is called fron TRACK to provide direction connes from an isotropic
distribution. These directica cania== are utihand in processing isotropic scattering.

SFLRA - This library routine is called from TRACK to provide a random number between 1.0 and
1.0 for use in proceamag asientropic scattering.,

SQRT- This library routine is utdiand by TRACK to calculate the direction connes of a history
that has exponenced a =lli=aa

AZIRN - This library routies is called from ALBEDO to return the sine and cosine of a random
azimuthal angle which are used la determining the direction cosines of the returning'

history.

The r===3ad=r of this section is devoted to the logical flow of subroutine TRACK as illustrated by.

Fig. Fil.3.27. The portices of TRACK performing eall=d functions are denoted in the text by a
descriptive name enclosed la quotes to distinguish theat from subroutine names. These descriptive , ,)
names correspond to the functions depicted la the flow chart.

.
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Fig. Fil.3.32. Iagic flow chart for subrouties TRACK

,

- A brief hia= of the logical program flow through subroutine TRACK follows. If differential ,

albedos are used, as la *iali=*ia= call is made to ALBIN. If debus pnat was specified la the
; parameter data, LDWRT is called. The library routies MOVE is used to load data from the neutros

bank into COMMON /NUTRON/ and various flags are set. Then the fission scarce portion of.

TRACK, denoted 'FSTART," initialians and sets information neessaary for processing the history. The
' PATH * portion of TRACK sets the path length and the end point of the path. The "INWARD* por.
tion of TRACK detenmises if as inward croomms is poemble and, if it occurs, the point of the boundary-

crossias, if the history is entering as array from an esternal region, the 'FINBOX" portion of the code*

' deserudnes the history's posities relative to the origin of the sait it is entering. If as inward crossing
was not possible or did not occur, the ' POSIT * portion of TRACK determines if the end point of the
path is la the same regnos. If it is, a couision occurs and is processed la the portion of TRACK'

denoted as 'XSEC." Based on the weight of the history, it is split and banked and/or Russian roulette
.

is played. If the history survives Russies roulette, it is scattered and fission points may be generated la*

the FISSION portion of TRACK, and if it now faus la a different supergroup, it is banked. Otherwise
it is retained in the 'ystems and processing returas to ' PATH.*

,

,

f,

. . ; -, , -
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~

if " POSIT * determines that the end point of the path is in a different region, the ' OUTWARD * por. .x

tion of TRACK pr==== an outward crossing. If the history remains within the same unit, processing ;

returns to " PATH * to continus as before.

If, aAer an outward crossing, the new region indacates that the history has crossed out of the unit it
was in, the ' ARRAY * portion of TRACK determines if the history is exiting frons the array or entenas
a new path. If the history enters a asw unit, proosesias returns to ' PATH' and continues as before.

If the history is existing from the array, it cas (1) enter the reflector, la which case processing
returas to " PATH,' (2) leak from the system, thus tensinatias that history or (3) undergo albedo

ij reflectice. 'Itie ' ALBEDO * portion w TRACK can prosess a specular or mirror image reflectice, a*

penodic reflection, or a differential albeds. For a surror image or specular reflection, the history is
returned at the point it exited with the weight and energy unchanged. ' Ins sign of the direction cosias

'

p ; "-Av to the reflecting fans is reversed. For a periodic reflection, the history is moved to the |

P opposing face of the system and the weght, energy and direction cosines remais unchanged. For a dif.

L
ferential albedo reflection the history returns at the point it esited, and subrouties ALBEDO deter.
mines the returnin* weight, energy and angle. The history is then returned to the PATH portion of ,%

ITRACK to contini processing.

i

"FSTART" . This portion of TRACK calls the library routine MOVE to load information pertain.
1

i- ing to the history to be tracked. 'then logical flags are set to Indicata if the history is ,

i in as array and whether or not the history is a split neutros. Variables are initialirad
and if the history tracks are to be printed TRKWRT is called to print information,,

about the history. If the history is the result of an albedo reflection that resulted la
i the history moving to a new supergroup, and the washt is large enough, the history

proceeds to the ' PATH' portion of TRACK. Otherwise Russian roulette is played..

if it survives, the weight is set to the average wanght and the lustory proceeds to the
A>

fn
'

n ' PATH' portion of TRACK. If the history is a split asutros, vanables are initialized
y and the history proceeds to the "XSEC' portion of TRACK to undergo the collision

j P''*"'-

] " PATH" . This portion of TRACK determines the path length. If all the path length has besa L
j exhaassed, the hbrary routies EXPRN is used to defbe a new number of mean fres '

F paths from an expossetial distribution. If the region contains a void, the distance
y traveled is set to the maaissum chord length of the system. Otherwise the distance
J traveled is equal to the remaisias path length, divided by the macroscopic total cross
: sectice of the mixture contained la the region. The end point of the path is deter.
9 mined from the starting coordinates, the distance traveled and the direction cosines. !

If the starting and ending coordinates are identical la any given direction, the end

a point is changed by a very small amount is the proper direction.
n

'

'

"!NWARD" . This portion of TRACK decides whether or not as inward boundary crossing is poesi. |
Ible, and if it is, calls CROS to detennias if a crossing actually occurs and the coordi..

antes of the crossias. Each time CROS is called, the library routine MOVE is used~

to load the geometry regios dhaensions of the possible new region lato COMMON /g
NUTRON/ to be used by subroutine CROS. Tbs crossing ladioster is set to

0 instruct CROS to check for as laward crossing and the possible new region type is
set. If the history tracks are to be priated, TRKWRT is called to print laformation !

g
H partisset to the crossias. Subroutine CROS sets a crossing ladicator that lafonas

TRACK whether a crossing occurs as well as determining the coordinates of the
' crossing. If a crossing occurs, the appropriate costributions are summed into the flua ,

and neutros age. Thee the number of mesa free paths remalaing for the history is )
detenniesd.

, _ ~~ ... .
,

*
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When checking for an inward crossing, a check is made to detenmas if the history is
in the innermost resma of a unit and whether the innermost regma contains boies.
An inward crossing is not.possible if the hutory is in the innermost region and that
region does not contain holes. If holes are present la the innermost regma, each hole
la the regsom must be checked for a crossias.

If the history is not la the immennost regios, as inward crossing is possible if holes
are presset, even if the last crossing was outward. CROS deterouses if as inward

,

croesses actually occurs. If a crossing does not osser and so holes are is that regnos,'

tracking prosseds to the TOSIT' portion of TRACK. If a crossing did occur and
holes are set presset la that region, the fins and asutros age are updated and track..

ing proceeds to the TINDOX' portion of TRACK. Tracking proceeds to the
TOSIT* portion of TRACK if as inward crossing is not possible and no holes are la

.

; the ressoa.

If holes are presset la the regios, after checking for as laward crossias, each of the
holes is checked for na inward crossias. This involves transtonning the coordinates
of the history to the coordinate system of the hole and calling CROS to determine if
the history crosses lato the outer regsos of the hole. After repeating this procedure
for each hole la the regson, the crossing with the shortset distance is selected as the

i

i actual crossing. If the crossing is into a hole, the crerdinates of the history are
transformed to the coordinate system of the hole and tracking proceeds to the TIN.
BOX' portion of 11 LACK. The correct new region ammber is set whenever sa
isward crossing occure. i

,

.

h
j *FINBOX* . This portion of subrouties TRACK is resposedde for detenminias when a history

enters a new array and for perfonning the treasforsantion of coordinates whenever a;,
history travels from a . "; regsos lato as array. It also decennines the loca.

||
tion within the unit orientation array of the unit containing the history. This infor.
motion is used to decenniae the unit type, and the first and last ressoas of the unit.

|:.
-POSIT * . This portion of TRACK detennines if the path ends la the same regios la which it

|I onginated.:

i!
)-
{' " OUTWARD * . An outned crossing occurs wine the TOSIT* portion of TRACK determines that i

the history is entering a different region. The library routine MOVE loads the
of the new geometry regne lato COMMON /NUTRON/ for use by

,

i '. de

U subroutine CROS. De crossias-type ladioneer is then set to lastruct CROS to pn> .

;e cess na outward crossing. If history treeks are to be priated. TRKWRT is called to

|* print lefonmation pertiment to the outward crossing. CROS determines the coordi.

i: notes of the boundary crossias. The contribution of the history is sumuned lato the
'

i, fles and asutros age and the number of mean free paths remaining for the history is

|
calculated. The region number is incremented. ' If the old region was not the last
region is the unit, a logical flag is set to avoid some of the checking for an inward

:3 crossing for the aest bonadary croomas. Trasides then proceeds to the TATH' por. |

j| tion of TRACK. The regios number is set to the last regios la the unit.,if the old i
;

region was the last region la the unit. If the probism is a single unit problem or the
r

b history is emiting the esternal reflestor, the history proceeds to the 'A1.BEDO' por.
tion of TRACK to leak from the system or process as albedo reflection. If the hip
tory has esited a umt la as array, tracidas proceeds to the ' ARRAY' portion of

,

TRACK to continue the tracking process.
y

;

'

...._.;,.., ..
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i

" COLLISION * . When a history has a =lth the processing is does la this portion of TRACK. If 3
{

nuses are to be calculated, the new costribution is sumused la. De age of the his-
| tory is sumused, the remaisias path length is set to aero, the absorption weight, fis.

sion weight and the contribution to the average number of neutross produced per fis.
sion and the self ';" ''- of the unit are =I-1.ma based os the macroscopic
cross section data and the weight of the history. The weight of the lustory is then

: redefined to be the weight tienes the maoroscopic - " - ;^'= probabdity. Ifthe
history tracks are to be printed, TRKWRT is onlied to print leformation portiment to-

the osuision prosess. If matrin k offsetives are to be onioulated, the fission weight is
susumed into the proper arrays. If the weight of the history esoseds the weight at
whosh splitting ossura, a cheek is made to assnes the mostros beak has adequase

'

( spoon for asetter history. If it is feu, a manage is written and Russias roulette is
played. If the bank can hold another history, the weight of the history is halved and'

- the mestas counter is inerumseted. If the history tracks am to w priated, i

TRKWRT is causd to print information partisset to the split asutros. De library !s

f routine MOVE is used to store the split mestros le the neutros bank. De history
cyoies through the obesides and splitting process until its weight is less than the4

weight at which sputting oosurs. Des the weight is checked to see if Russian rou. ,

lette should be played. If it is played and the history survives, the weight is set to the |
average weight. If Russina roulette is not played, the weight remains unchanged. la i

both cases, the new energy group is computed and a check is made to determine if
the history undergoes anisotropis saatterias. If it does, the asinuthat angle is choose

; using AZIRN and the sies and oosine of that assie am raurned to be used for cal.
culating new diression oasises. If the history does not underse anisotropic scattering.

p
the new direstion oosess are chosen froni as isotropie distribution using GTISO.,

j This compioens the ' COLLISION' portion of TRACK. ^

.) ,

I
" FISSION * . This portion of TRACK is resposatie for generating and storing the fission sourse ;

resulting from a couision. la the ' COLLISION * portion of TRACK, the flesion i

weight is defleed as the weight of a history times the -- -;' production probe. |
, '

buity. If the nmion weight of a history is smaser than sero, the 715sION' portion
.

of TRACK is sessuesd. To answo sneerating enough fission souros points to mais-

j tain as adogmass repusestation of the true distribution, a minimum A '= factor-

,
'

is densed at the begimmies of each pseeration to be
4

I [
3.or
5 '

where f is the running averses value of the k. effective through the current pseers. |-

'

ties and FO is the number of histories per sneeration. His repressets se estimate of
.

the lower liant of the 99% coendsees laterval for the distribution of the generation i

j kgffsetive. Esperienee ladisases that using this fastor to sneerste fles6os sourse
'

peines leads to seesch new fissise posses to fill the asutree beak for most.

! generations.
,

'
I

1 When the 715810N' portion of TRACK is estored, the library routiae FLTRN is
used to provide a reados number that is saved. A pseudo fission weight is densed

/ as the fission weight divided by the rendoes number, if the result is less than the
; production fassor, the history prosseds to TATH' or is stored la the neutros beak.

'

)
|e

h
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4

i depending on whether or not it r===Aas is the same superyoup. If the history
, remained la the TISSION* section, and its fission weight is greater than the
! productice factor, the pseudo fission weight is redensed to be the production factor
; divided by the random number. If the nasies beak is not fWl, the fission energy
! group is determined usies FLTRN, the Assise point is stored in the beak, med the (

somber of fissies poises is incremented. The library routine MOVE is used to load ;

| inforssaties pertaining to the fissess point from COMMON /NUTRON/ lato the
{ lheien beak and the pseude Amies weight is leaded dirently into the fhsies bank. If
i the amies beak is fwl when a new assion name point is enesessed, the bank is i
! sensehad for the amanet pseude flaies weight. This is esmpend with the pseude '

; nasise weight at the es naise point and the point having the larger pseude nasion
; weight is sessed in the bank. Aher the Amien point has been banked, the nasion

! weight of the hiseery is desremeseed by the prodmoties fasser. If the remainies no.
t sies weight is smater thes amo, the hiseery rumens to the beginaias of TISSION'
! to onesieme peseming.

I I

i * ARRAY"- 11ds portion of TRACK is reopensibis for prosessing a history that crosses a uak or j

,

has type bensdary. This ossare caly when the history is moving is as outward dires. ;

! tion. A cheek is made to deterudse if the history is esiting from a unit is as array
i or a unit used as a bois. If the esised unit was used as a hole, the coordinates are i
'

treastonned to the coordinate sysessi of the region oostalains the hole. The history !
!j them passeds to the TATH' porties of TRACK. Howner, if the usk esited by the
'

j hiseery was part of as array, a obeek is made to see if treeks are to be printed. If so,
TRKWRT is eaued to print partisset lafenmation about the hiseery. Eseh fase of' -

'

| the unk is eksehad is sequeens a fans proper poskissing tw fans, edge and oorser
; (3 oressings. As each fees is presemed, the peakiss of the unit withis the usk orisets. i
" V ties array is updeesd as approprises (this is done by lassementing the X, Y and/or Z f

thdless of the usk peshies). A legisel fles is set for ensk fase to ladieses if the his.
|tory is emiting from the array. Aher all fases have been prosessed or bypassed, a +.

i cheek is made to doesrudse if the hiseery remains withis the arrey. If it does, the |
| sew mak type is daerndeed from the peakiss indises of the leanties withis the unk

,

; orissendes array, and a tressimessies et easedissess is done to oerrest for messing i

g law the new usk. If the == mak oneshes of oaly one regles, the history pro ds to t

TINDOX* to determies if the history is entering a new array. The history thee pro.
.

3 oseds to TATH' to osetinue preesseing. If the history easted the siehel arrey, a i

j cheek is made to deserades if a refloseer is esternal to it. If not, the history leeks
j from the system or proceeds through the ' ALBEDO' portion of TRACK as appropri.

| ate, if surrounding geometry esists where the history enies as array, a transfonsa.
ties of esordientes pavides the hiseery's peakise relative to the sonounding geene. j,

i try. The hiseery thes presseds to the TATH* porties of TRACK and treekseg
essessmen, j

|

"ALSEDO*. If as albede benedary osedkien is syse6Aed os any fees of the prehism, this partion
i of TRACK is maniend to provide the proper treatment. Eash fees is eheshed la
j sequense to determies if the hiseery (1) leaks from the eyeeses (2) undergoes speau.

t lar er mirror image renesties, (3) undergess periodie renesties, or (4) prossede
thansk the desrescial albeds uenament.

If the hiseery undergoes speoular or adrror longe redesties, it is returned at the
point h esseed the fase w6th its energy maahanged and the sign of its directies oasises
roersed. If a periodie renesties osours, the history is newed to the opposing fase
with les energy and direesion assises useheessd. If the history esters a diffwential

|

|
'

"- r ;-

,
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I albede reflestor, subroutine ALBEDO is called to detonnies the new weight of the
'

.s

', history and its returning angle and energy. If the history enters a new supergroup. -

TRKWRT may be caued to print the history treek infonestion and MOVE is called
! to bank the history la the neutros beak. When a lustory remains in the same super.

group, it is returned at the point it esised and Russian roulette is played if the
! returning weight is low ensuch to warrant that action. If the weight is sufficiently ,

high to avoid playing Russens roulette or if the history survives Russian roulette, the i

history presseds to the beginales of TATH' and tresides aa=*h "'
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! Fig. Fil.3.33. Flow chart for providing the nest generaties seeres |
a

,
i

| This sosties of the program is reopensible for providias the seures for tlw next generation from the

L fission seuros generated dortog the treeking prosedure.
,

; N5 TART. This subroutine caus CLEAR to laitiallas the asutros beak and writes an error smessage f
'

if as fission peines were pseermeed. Sobromaine SORT 3K is onlied to new lefonsation i.,

s' from the fission beak sesseining the fissies seeres essereced by the lest pseeraties lato
'

the esseres beak to be used as the seeres for the sent generaties. N8 TART thee cheeks,.

L to be sure ensuch senses posses esist to start the nest pseeratise. If too few starting i

p' poises asist, the library rousises MOVE and FLTRN are used to fill the required member ;

!of starting posistems th the seisties fissise poises,-

'

t

p 50RT3K . This sobremaine seres the fissies beak so the fissise poises are leaded la the order of their
F probability of being pished le a rendes sales 6ee presses. For ensk soures history, the :

L library rousimo MOVE is used to men the fissise seerse pseerseed by the last asseraties
' nees the neutres beak, and the library rossise 0T150 is used to provide deresties oosiese )

fress as lastrepie disertbesies. Then the mostros susbar, weight and nos are laitialiand.
>
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Fl1.3.13.5 Kad of Generordon hacessdag

i
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FISFLX
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h
MATK $ LOOPER g,

I I

8 h-

a m I i
,

$ $ 2." '

i $ STATIS $

!

O ri rii 3 24 ri * i r * ' 8e e '' -
,

This portion of the program is responsible for processing data at the end of each generation.

FISFLX . This subroutine is causd at the and of ensk ;----- '- to presens data collected for that
,

j ; r - - ^ '= The pseeration k effective, the russing average value of k effectin and its
; deviation, and the matrh k effective and its deviation ars processed and printed. MATK
1 is causd to process the mattia k effective (s) and assosiased information. LOOPER is

( called and, la turn, calls STATIS to collect and process the contribution and statistics for
the flux, flesions, and absorptions, as well as the contribution to the leakage.i

, MATK. This sobroesias is onged to asisulate the matrh k effective by solving for the principal
! eigenvales and eigseventor of a matria using as iterative "'7- The library routine

CLEAR is used to laitiaMas arrays and SQRT is used la calculating the deviation of the
eissmales. MATK may be onued to calculate the matria k effectin by array position,
,mit tyre, array member, and/or bene sember. .,

h
l LOOPER. This subroutine is onued from FISFLX to load arrays la p , :a '= for caulag STATIS.
! A loop la made over the sember of supergroups, withis which pointers are calculated,

REED is called to load the leakage, abeeryties, flesion and flan arrays from the direct
,

; asons supergroup fue, STATIS is onged to prosses the data and RITE writes the pro.
| ceased data on the direst acesse supergroup file. This procedure is repeated until all

supergroups bnve been preesseed.

*
.
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; Fl1.3.56

.

STATIS - This subroutine collects the sum of the contributions and the sum of the square of the ]
contributions for the Duxes, fissions, absorpuons and leakages to be used at the end of the-

problem in calculating their deviations.

F11.3.14 END OF PROBLEM PROGSSING

i

ORNL-DWG 8019216R2

KEDIT

I

II I I | | |

h PLTKEF LOOPER MATRIX
H2 inn E o

IM || |i| m Cr

SS b

!Ea: 8 a=iM^7k=
: m; , ,

g [m2EDITOR
m ,

L h b
O

i $
1

Fig. Fil.3.35. Flow chart for end of problem processing'

!

Dis portion of the program is responsible for processing data and printing all the results except the
fluxes at the compieuos or termination of a problem.i

KEDIT - His subroutine controis the processing and printing of results at the end of a problem..

| The life time and generation time are printed and, if the average number of neutrons per

[ fission was aawaad it and the average fission group are printed. KEDIT then calcu..

lates and prints the average k. effective and its associated deviation for the 67, 95, and
99% coendence latervals and the number of histories involved. This is done repeatedly,
skippias more y- ^' each thee. PLTKEF is called to print a plot of the average

^' It also prints a plot of thevales of k effective as a fhasties of the number of .- = - - - -
g

average value of k-offsetive as a function of the number of generations skipped.
,

LOOPER is called to prepare data for EDITOR which la tura calculates and prints the
grou; ., ' t fissions, absorptions and leakages and their deviations. If requested, the'

fissions and :t ;^'-- may also be printed by regios. KEDIT thes prints the total fis-
sions, :t :;^'n and leakages for the system, and their associated deviaticos. RNDOUT ,

| Is called to provide the curvest random number to be printed. If matrix k effective data
'

were requested, MATRIX is called to calculate and print matrix information. KEDIT
then processes and prints the fission densities. )

~ ~

|,
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).

PLTKEF - This subroutine is called from KEDIT to print a plot of the average value of k-effective ;
; versus generation and a plot of the average value of k-effective versus generations skipped.

The library routines DMINI, DMAXI, and DSQRT are used to generate the k-effective.

axis of the plots. The MOD function is used in labeling the generation axis.
4

LOOPER - This subrouties is called from KEDIT to load arrays in preparation for calling EDITOR.
A loop is made over the number of supergroups. Within the loop, pointers are calculated,
REED is called to load the leakage, absorption, finasos and flux arrays from the direct
access supergroup file and EDITOR is called to process the data. RITE then writes the
processed data for the supergroup on the direct access supergroup file.

EDITOR - This subroutine is called from LOOPER to calent=*= and print the energy-dependent fis-
sions, absorptions and leakages and their deviations. The flemons and absorptions may be
region %t as well as energy dependset.,

MATRIX - This subroutine is called froan KEDIT to catal=*= and print various information related
to the matrix k effective. It is called if one or more matrix opticas were specified in the

. parameter data (see Sect. Fil.4.3). If matrix information was collected, MATK is
'

called to calculate cofactor k effectives. MATRIX then prints them as they are calcu-
lated. MATRIX also prints the fission productica matrix if that was specified in the

; paranneter data (see Sect. Fil.4.3). The library routine LABL is called to print the '

| source vector. MATRIX then prints the average self multiplication calculated on the
. basis of collected data. 'llais procedure is repeated for each type of matrix information

j specified in the parameter data. JSTIME is called to determine the amount of time used

O ' ' ' ' " " * " " ' " ' ' " ' ' " " " ' ' ' ' * ^ ' * "

MATK- This subroutine a= leal =*= the principal agenvalue and eigeovector of a matrix using an
) iterative technique. It also e= lent =*= the deviation associated with the eigenvalue, using
1 CLEAR to initialias arrays and SQRT in calculating the deviation. MATK may be

called froan MATRIX to e=lenl=*= cofactor k effectives.

!

F11.3.15 PRINT FLUXIS
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: Fig. F11.3.36. Flow chart for printing fluxes
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This portion of the program is responsible for printing the fluxes at the completion of a problem. 3
FITFLX - This subroutine determines the maximum number of regmas for which flux data will fit in

memory and loeds and prints them as they will fit. Pointers are calculated and the
library routine RD is used to load the fluxes for those regmas from the direct access
supergroup file. PRTFLX is called to calculate the deviations and print the regen- and
energy-dependent fluxes and their a-=eari deviations. If more fluxes remain to be
printed, the process is repeated until all have been printed.

!

PRTFLX - This subroutine normahams the fluxes, entent=*== their deviations and prints them, one
supergroup at a time. The library routine SQRT is used when calculating the deviations.

,

;

F11.3.16 REFERENCIS

.

1. S. K. Fraley, Users Guide for ICE II, ORNL/CSD/TM-9/R1 (July 1977). Also see Sect. F8
of the SCALE manual

2. ' Appendix B, Generalized Gaussian Quadrature," The Morse Code - A Multigroup Neutron and
Gamma-Ray Monte Carlo Transport Code, ORNL-4585 (1970). Also see Sect. F9.D.2 of the
SCALE manuat
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F11.4 KENO V DATA GUIDE

KENO V 'may be run " stand alone" or as a part of a SCALE criticality safety sequence. If
KENO V is run ' stand alone," cross-section data can be utihaed from an AMPX' working format
library or from an ICE (Sect. F8) mixed cross-section MORSE / KENO format library, also called a
Monte Carlo formatted cross-section library. If KENO V uses an AMPX working format library, a
mixing table data block must be entered. If an ICE mixed cross-section MORSE / KENO library is
used, a mixing table data block is not entered and the mixtures specified in the KENO V geometry
&scription must be consistent with the mixtures created in ICE. These are the entries in the

|
1IMMUD] array in the ICE input data, j

If KEFO, V is run as part of a SCALE criticality safety sequence, the mixtures are defined in the
CSAS4 data (Sect. C4.4) and a mixing table data block cannot be entered in KENO V. Further-
more, the mixture numbers used in the KENO V geometry deciption must correspond to those
defined is the nadard composition cards of the CSAS input. A mixture number of 500 meet be used
in the KENO V geometry descriptica in order to use a cell weightad mixture. A cell weighted mix--

ture is available only in SCALE sequences that do a cell weighting calculation.,

.

F11.4.1 EEAO V INPUT OUTLINE

The dr.ta l'nput for KENO V is outlined below. Defaulted data for KENO V have been found to
be adequate for many problems. These values should be carefully considered when entering data. The
information in BOLD TYPE is entered as data.

i Blocks of input data are entered in the form:

b
RIAD XXXX Impet does END XXXX

,

where KXXX is the keyword for the type of data being entered. The keywords that can be used are
Xated in Table Fil.4.1. A minimum of four characters are required for a keyword. However, the key-

< words can be up to twelve characters long, the first four of whi h meet be impet exnedy as listed in the.

j table. Data input is activated by entering the words READ XXXX followed by one or more blanks. All
1 input data pertinent to XXXX are then entered.. Data for XXXX are terminated by entering END
i XXXX followed by taso or more blanirn-

Table Fil.4.1. Types of input data'

Type of Data First 4 Characters
parameters PAU. or PARM
geometry GEOM,

4 ; bassing BIAS
; boundary conditions BOUN or BNDS
'; start STAR or STRT
i array (unit orientation) ARRA

extra 1-D cross = art === X1DS
cross section Mixing Table * MIXT or MIX
plot or picture * PLOT or PLT or PICT
* MIX and PLT must include a trashng blank which is considered
part of the keyword.

>

v

i

~

| Fil.4.1 |
y

, . . ..- .,
.
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Fil.4.2

There are two data cards that must be entered for every problem. The first is the problem title. ]The second is the END DATA to terminate the problem.

(1) problem title

Enter a problem title (limit, one card, i.e., 80 characters including blanks). A
title nest be emeered.
See Sect. Fil.4.3.

(2) READ PARA permessear data END PARA

Enter parameter input as needed to describe a problem. Default values are
assigned to all p=iw A problem can be run without entering any parame-
ter data if the default values are acceptable.

-;

Parameter data must begin with the words READ PARA. Parameter data may
be entered in any order. If multiple entries are made for a parameter, the last
value is used. The words END PARA termmate the parameter data.
See Sect. Fil.4.3.

(3) (9) The following data may be entered in any order. Data not needed to describe the
problem may be omitted.

; (ni) READ GEOM a5 geometry regles data END GEOM

: Geometry region data meet be emeered for every problem that is not a restart

h
problem. hy data must begin with the words READ GEOM. The words

'
y END GEOM terminata the geometry region data.
! See Sect. F11.4.4.

(n ) READ ARRA asvay deSmities data END ARRAz

|;

.to describe the problem. Array definition
~

j Enter array definition data as neededi
j data define the array size and position' units (defined in the geometry data) in a
J thrM-=1 lattice that represents the physical problem being analyzed.
li Array data must begin with the words READ ARRA. The words END ARRA

termmate the array data.
See Sect. Fil.4.5.,

(n3) READ BIAS biasing informaties END BIAS
'

Bisang informatina is used to defise the weight that is given a neutron surviving
Rusman roulette. Enter bianng information as needed to describe the problem.,

| Biasmg data must begin with the words READ BIAS. The words END BIAS ter-
j minata the bassing data.

j See Sect. Fil.4.7.

1
(n4) READ BOUN aEinde bandery eenditions END BOUN

Enter albedo bou@y conditions as needed to describe the problem. Albedo*

| data must begin web the words READ BOUN and terminate with the words
- END BOUN. .

See Se:t. F11.4.6. d

. _ . _ . __
,

M.,

_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ v - - - - - . - - . . _ v--r - - w- - - - -



.-. .-

'

.

1
'

F11.4.3 .

>

| (n ) READ STAR starting distributies inter ==el== END STAR
s

| '

f Enter starting information data for starting the initial source neutrons only if a

!. uniform starting distribution is undesirable. Start data must begin with the
words READ STAR and termmate with the words END STAR.
See Sect. F11.4.8.

:

(n ) READ MIXT crees ==ce8== mbdes table END MIXTs,

|

Enter a mix.ng table to define all the mixtures to be used in the problem. He i

mixing table must begin with the words READ MIXT and end with the words
1

END MIXT. Do not enter mixing table data if KENO V is run as a part of a-

SCALE criticality safety sequence.
See Sect. F11.4.10.

'

(n ) READ X1DS extra 1-D cremo eneties ID's END X1DSr

Enter the ID's of any extra cee E=-----Saal cross sections that are to be used in
the problem. These must be available on the mixture cross section librsry. Extra
1-D cross-section data must begin with the words READ X1DS and termmate
with the words END X1DS.
See Sect. F11.4.9.

(n ) READ PLUT plot data ENDPIETe

i
i .

Enter the data needed to provule a two dimannianal printer plot of a slice
',

'' through a specified portion of the tina --- = I geometncal representation
of the problem. Plot or picture data must begin with the words READ PL&T-

and terminate with the words END PLOT.
See Sect. F11.4.11.

.

5 (n,) END DATA meet be emeured
7
.t
;l Terminate the data for the problem.

1
F11.4.2 PROCEDURE FOR DATA INPUT

$ This section is a brief list of the input data for KENO V. Additional information concerning
KENO V data input may be found in Sect. Fil.5. The first card of data meet be the title. The next'

block of data emmst be the parameters if they are to be entered. A problem can be run without enteringj
the parameters. The r=====ng blocks of data can be entered in any order.

?
j BOLD TYPE specifies keywords. A keyword is used to identify the data that follow it. When
! a keyword is used, it must be entered exactly as shown in the data guide. All

.

;) keywords, except those ending with an equal sign, must be followed by at least
~ one blank.

,

.

smallitaller correlate data with a program variable name. De actual values are entered in
place of the program variable name and are termmated by a blank or a comma.

m

6

g e e .* % *t A - ,g e 6*
'

*

6



.

.

.

Fi l.4.4

CAPITAL ITALICS identify general data items. General data items are general classes of data )
'

including

(l) p3y data such as UNIT INITIAllZATION and UNIT NUMBER
DEFINITION, GEOMETRY REGION DESCRIPTION, GEOMETRY
WORD MIXTURE NUMBER. BIAS ID and REGION DIMENSIONS,

J
(2) albedo data such as FACE CODES and ALBEDO NAMES,

- (3) weighting data such as BIAS ID NUMBERS, etc.
-.

F11A.3 TITLE AND PARAhSTER DATA,

'

TITLE . . . A title must be entered.

. title one card, 80 characters including blanks

PARAMETER DATA . . . Enter only those whose values you wish to change. The commonly changed
parameters are TME. GEN, and NPG. Seldom changed parameters are NBK. NFB, LBK. LFB, WTH.
WTL, TBA. BUG. TRK, and LNG.

READ PARAM
.

Floating point parameters

p
p RND - radmum input h==<tari==1 random number, a default value is provided.

'IME = tmax execution time (in minutes) for the problem, default - 30 minutes,
a
i
j TBA = tbtch time allotted for each generation (in minutes), default - 0.5 minutes.
1 If tback is exceeded in any generation, the problem is terminated and

final edits are performed.

WTA = dwrav the default average weight given a neutron that survives Russian roulette,
. dwtav default = 0.5.
1

WTH - wthigh the default value of wthigh is 3.0 and should be changed only if the user
has a valid reason to do so. The weight at which splitting occurs is
defined to be wthigh x wtavg, where wtavg is the weight given to a neu-,

j tron that survives Russiae roulette. |

1

WTL - walow Russits roulette is played when the weight of a neutron is less than
wriow x wtavg. The wetow default = 1.0|wthigh.

NOTE: The default valuas of wthigh and wtlow have been determmed to mimme the deviation
.

per unit runnmg time for many problems. ]
'

.. . . _ _ _._.,s. . . _ _ - -- - _
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F11.4.5 |

|Integer parameters
,

.

GEN =.de number of generations to be run, default - 103-

NPG = ap6 number of neutrons per gi aeration, default = 300

NSE = askip ' number of generations (1 through askip) to be omitted when collecting f
results, default - 3 |

RES - nrstrt number of generations between wntag restart data, default - 0.
If RES is aero, restart data are not written. When restarting a problem,
RES is defaulted to the value that was used when the restart data block
was written. Thus, it must be entered as zero to terminate writing restart'

data for a restarted problem. (WRS is the logical unit number for writing
restart data. See logical unit numbers in the parameter data.)

NBK - abank number of positions in the neutros bank, default - npb + 25

XNB - axn6k number of extra entries in the neutron bank, default - 0 ,

NFB - afbak number of positions in the fission bank, default - ap6

. h XFB - axf64 number of extra entries in the fission bank, default - 0

X1D - numx1d number of extra 1-D cross sections, default = 0

LNG - lag number of words of storage to be requested by subroutino ALOCAT,
default - 4000300. (This is reduced to fit in the space allotted to the
job when the problem is run.)*

.

BEG - nbas beginning generation number, default - 1
|

If REG is greater than 1, restart data must be available.

i
NES - ab8 number of blocks allocated for the first direct access unit, default - 200

. .

I

NLS - al8 length of blocks allocated for the first direct access unit,
- default - 789

'

I

Alphanumenc parameter data . . . estar YES or NO;

RUN = trun key for J.; A if problein is to be executed when data checlang is
-P . default - YES

Note: The value of RUN set here will be ovemdden by a value entered in the !

PLOT data. However, if the problem is re imi.4, the default value or the value
i

entered here is the value that will be used unless the PLOT data block from the
restart unit is ovemdden by new PLOT data. See Sect. Fil.4.9.

. _, n..,, . - - . .
.-

"
I
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Fil.4.6

FLX = afix key for collecting and printing fluxes, default = NO 3

| FDN = afden key for collecting and printing fission densities, default - NO

^ ADJ = nadj key for running adjoint calculation, default = NO. Adjoint cross
sections must be available to run an adjoint problem. If LIB = is,.

ea iM, the cross sections will be adjointed by the code. If XSC=
is specified, the cross en must already be in adjoint order.

AMX=amx key for printing all mixture cross-section data. This is the same as
j activating XAP. XSI, XS2, PKI, and FID. If any of these are

entered in addition to AMX, that portion of AMX will be overridden,'

default - NO.'

,

XAP = prrap key for printing discrete scattering angles and probabilities for the
mixture cross sections, default - NO

.

.

XS1 = perp0 key for printing mixture 1-D cross sections, default = NO,

XS2 = prrl key for printing mixture two-dimensional cross sections,
default = NO

P EI = prreki print input fission W. , default - NO

d
;j P1D = prrex print extra 1-D cross sections, default = NO

4

FAR = Ifa key for printing fissions and absorptions by region, default = NO

J
i MEP = larpos calculate and print matrix k-effective by unit location,
' default = NO. Unit location may also be referred to as array
^

position or position index.

; CEP =lckp calculate and print cofactor k-effective by unit location, default is the
i value of MKP. Unit location may also be referred to as array posi-
j tion or position index.
i
P

FMP = pmapas print f~ission production matrix by array position, default = NOg

f MEU = lunit calculate and print matrix k-effective by unit type, default = NO

? CEU = leks calculate and print cofactor k-effective by unit type, default is the
value of MKU

FMU = petunit print fission production matrix by unit type, default - NO

MKH = Imhole calculate and print matrix k-effective by hole number, j
default - NO

7-

|
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Fi l.4.7

~

CKH = Ickh calculate and print cofactor k-effective by hole number, default is the
value of MKH.

FMH = pmhole print fission production matrix by hole number, default - NO

HHL = thhgh ccliect matrix information by hole number e the highest hole nesting
level, default - NO

MEA = Imorry calculate and print matrix k-effective by array number,
default - NO

CEA = leks calculate and print cofactor k-effective by attay number, default is
the value of MEA.

FMA = pmarry print fission production matrix by array number, default - NO ;

1

HAL = langh collect matrix information by array number at the highest array nest- |

ing level, default = NO

PLT = Iplor key for drawing specified pictures of the problem geometry,
( default = YES
l

I (N Note: To draw a plot, appropnate plot data must be entered. The
value of PLT set here will be evemdden by a value entered in the'-

PLOT data. However, if the problem is restarted, the default value
or the value entered here is the value that will be used unless the
PLOT data block from the restart unit is overridden by new PLOT
data. See Sect. Fil.4.9. The value of Iplot set here is written on
the restart unit and the ulue of Iplot set in the PLOT data is not.

BUG = idbug print debug information, default = NO
Enter YES for code debug purposes only.

TRE = ltrk print tracing information, default = NO
Enter YES for code debug purposes only.

PWT = 1pwr print weight average array, default = NO

PGM = Igvom print unpre :essed geometry as it is read, def5elt = NO

SMU = /mult canculate the average self-multiplication of a unit, default - NO

| NUB = newbar calculate the average number of neutrons per fission and the average
| energy group at which fission uccurred, default = NO

PAX = Icorsp print the arrays defining the corW- between the crora-
section erergy group structure and the albedo energy group struc-
ture, default - NO

(
. - . . . . . . , , , .- - - . .
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Fil.4.8

!
'~

Logmal Unit Numbers S

XSC = x.scs logical unit number for mixed cross sections. de'ault = 14

ALB = albdo logmal unit number for albedo data, default = 79
|
.

WTS = was logical unit number for weights, default = 80

LIB = lib logmal unit number for AMPX working library, default = 0

SET = skrt logical unit number for scratch space, default = 16

ItST = rstrr logical unit number for reading restart data, default = 0
; Enter a logical unit number to restart with BEG = 1

WRS = wstrr logical unit number for writing restart data, default = 0
A non-zero value must be entered if RES > 0.

F11.4.4 GEOMETRY DATA

) GEOMETRY REGION DATA . . . geometne arrangements in KENO are achieved in a manner
[ umdar to using a child's building blocks. Each building block is called a UNIT or BOXTYPE. An Q! array or lattice is constructed by stacking these units or box types. Once an array or lattice has been >
! constructed, it can be placed in a unit by using an ARRAY or CORE specification.
!-
:

Each UNIT in an array or lattice has its own coordinate system: however, all coordinate systems in.

all units must have the same orientation. All geometry data used in a problem are correlated to the
! absolute coordmate system by specifying a global unit or a global array. UNITS are constructed of

combiaations from several allowed shapes or t=anww regions; i.e., cubes, rectangular parallelepipeds,
cylinders, spheres, '4 , and hemacyhnders. These regions can be placed anywhere within a

! UNIT as long as they are oriented along the coordinate system of the unit and do not intersect other
regions. This means, for exampic, that a cylinder must have its axis parallel to one of the coordinate2

axes, while a rectangular par =8' ' epi +1 must have its faces perpendicular to a coordinate axis. The-

most stringent KENO geometry twenction is that none of the options allow geometry regions to inter-
sect. Figure Fil.4.1 shows some situatacas that aren't allowed.

~
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Fig. F11.4.1. Examples of geometry not allowed in KENO
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Unless special options are invoked, each geometric region in a UNIT must completely enclose each
interior region. However, regions can touch at points of tangency and share faces. See Fig. Fil.4.2
for examples of allowable situations.

| ORNL-DWG 83-14791

l

(m)

REGIONS ENCOMPASSING REGIONS ENCOMPASSING

INTERIOR REGIONS REGIONS AND TOUCHING

Fig. Fil.4.2. Examples of correct KENO units
:

( Special options are provided to circuravent the compicts enclosure restriction. These fall under the
l heading EXTENDED GEOMETRY DESCRIPTIONS and include ARRAY and HOLE descriptions.

(^. The HOLE option is the simplest of these and allows placmg a unit anywhere within a region, as long
as intersections do not occur. See Fig. Fil.4.3.s

ORNL-DWG 83-14788
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>i

-

f

UNIT 1 UNIT 2 UNIT 2 WITH UNIT 1 PLACED
IN IT AS A HOLE <

Fig. Fil.4.3. Example demonstrati:3 HOLE capawy in KENO

An arbitrary number of HOLES can be placed in a region in combination with a series of surround-
ing regions.

Lattices or arrays are created by stacking UNITS that have a rectangular parallelepiped outer
region. The adjacent faces of adjacent units stacirarl in this manner must match exactly. See
Sect. Fil.5.6.4 for additional clarification and Fig. Fil.4.4 for a typical example. j

i
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UNIT 2
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| Q 'O O O o
CREATE UNITS STACK THE UNITS TO FORM AN ARRAY

'

Fig. F11.4.4.. Example of array construction

The ARRAY option is provided to allow placing an array or lattice within a unit. Only one array"

,

can be placed directly in a UNIT. However, multiple arrays can be placed within a unit by using
HOLES. When an array is placed in a unit via a HOLE, the unit that contains the array, rather than
the array itself, is placed in the unit. Arrays of ri;-Wi1=e arrays can be created by stacking units that
contain arrays. See Fig. F11.4.5 for an example of an array composed of units containing holes and
arrays,

h
.
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I Fig. F11.4.5. Exampic of an array composed of units containing arrays and holes
I
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The method of entering GEOMETRY REGION DATA follows: 1

READ GEOM GEOMETRY REGION DATA END GEOM

GEOMETRY REGION DATA must be entered unless the problem is being restarted. A descrip-
tion of all units or box types the user wishes to define must be entered. See Sect. Fil.5.6 for detailed
exampics.

The description of a unit includes all geometry data followns a UNIT INITIALIZATION. A unit
is terminated by encountering another UNIT INITIALIZATION or an END GEOM.

A GEOMETRY REGION DATA description caa==en of one or more of the following:

(a) UNIT INITIALIZATION
(b) SIMPLE GEOMETRY REGION DESCRIPT10N
(c) EXTENDED GEOMETRY DESCRIPTION
(d) OPTIONAL GEOMETRY COMMENTS

(a) UNIT INITIALIZATION . . . This data sequence signals the beginning of a new geometric
coordinate system and assigns the unit number to the geometry regions comprising the unit.

A UNIT INITIALIZATION is invoked when one or more of the following data items are
encountered:

(al) OFITONAL GLOBAL SPECIFICATION
#

O fgeom
'

GLOBAL

The word GLOBAL, if entered, must be followed by one or more blanks and a UNIT
NUMBER DEFINITION and/or an ARRAY PLACEMENT DESCRIPTION. Enter the
geometry word GLOBAL immediately prior to the UNIT or ARRAY that defines the over-
all geometnc boundanes ofithe problem. The code defaults the global array to the array
referenced by the last ARRAY PLACEMENT DESCRIPTION that is not immediately
preceded by a UNIT NUMBER DEFINITION. Otherwise, it is the largest array number -

specified in the array data (Sect. Fil.4.5).

(a2) UNIT NUMBER DEFINITION
KEYWORD UNIT NUMBER

fgeom abox

UNIT enter unit ID number

or
BOX TYPE enter unit ID number

or
BOXTYPE enter uit ID number

The UNIT NUMBER definition assigns the specified unit number to the geometry data that define the
unit. ;

.

|

.. m ,-er.-+ a
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(a3) ARRAY PLACEMENT DESCRIPTION m
'

fgeom(")
ARRAY

jor
CORE ,

or
COREBDY
or

COREBNDS
. or

COREBOUN
.

.

" Additional dats are required as described in the EXTENDED GEOMETRY DESCRIP-
TION.

a

'

The array placement description is used to place a specined array in a UNIT. It positions-

the most negative point of the array relative to the origin of the UNIT.

(b) SIMPLE GEOMETRY REGION DESCRIPTION . . . This type of geometry data consists of
simple shapes whoes specification is indW-t of other geometry regions. Free form input is
used to enter the data. Options R. *, 3, and P from Table F11.4.2 can be used. Each SIM-
PLE GEOMETRY REGION DESCRIPTION is entered in the form:

b GEOMETRY WORD a-
fgeon

''

a,
,

.i MIXTURE ID
mer,

BIAS ID,

D
-.

APPROPRIATE REGION DIMENSIONS
,

xx
/= ,

i OPTIONAL REGION DATA
origin data,

b and/or
'

chord data,

I
L.

l The GEOMETRY FORD fgeom is followed by one or more blanks and must be one of the keywords
heio..

3
CUBE, CUBOED, SPHERE, CYLINDER, ZCYLINDER, XCYLINDER, YCYLINDER,*

i HDGSPHERE, HEMISPHE+X, HEMISPHE-L HEMISPHE+Y, HEMISPHE-Y,
HEMESPHE+Z, HDGSPHE-Z, XHDGCYL+Y, XHEMICYL-Y, XHEMICYL+Z,
XHDGCYL-Z, YHDGCYL+X, YHDGCYL-X, YHDGCYL+Z, YHEMICYL-Z,'

ZHDGCYL+X, ZHDGCYL-X, ZHDETCYL+Y, ZHDGCYL-Y )
./

Note:fgvom may be no more than 12 characters long.

|. 5
.

.. ...s .. . A.,, .. . _ _
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,

| CUBE has +X = +Y - +Z and -X = -Y - Z. Note that the +X dimension
need not equal the -X dimension of the cube; i.e., the origin need not be at
the center of the cube. |

|
|
'

CUBOID is a rectangular parallelepiped and may be described anywhere relative to
the origin.

i

:

SPHERE must be centered about the origin, unless otherwise specifed by the
apoia==l region onga data.

CYLINDER has its length described along the Z axis and its center line must lie on the 1

Z axis, unless otherwise specifad by the optional region origin data. |

ZCYLINDER has its length described along the Z axis and its center line must lie on the
Z axis, unless otherwise specified by the optional region origia data.

.;

.

XCYLINDER has its Icasth described along the X axis and its center line must lie on the
X axis, unicas otherwise specified by the optional region origia data.

<

'
YCYLINDER has its length described along the Y axis and its center line must lie on the

Y axis, unless otherwise specified by the optional region origin data.

1

i HEMISPHERE is used to define a sphencal segment of one base whose sMcal surface
exists in the positive z direction. The base or flat portion of the sphencala

segmaat is centered about a point that may be specified in the optional
'

region data. By default, the center of the sphencal surface is the origin
and the d=tanc= to the base from the center of the spherical surface is
zaro.,

HDUSPHEbc is used to define a sphencal segment of one base whose sphencal surface

:
exists in the be directica (b = + or , c = x, y or z). The base or flat
portion of the sphencal segment is located a distance a from the center of''

the sphencal surface, and the center may be specified in the optional
region data. HDGSPHE+Z is the same as the previously described

,

HDGSPHERE and HDGSPHE-Z is the mirror image of
3

~ HDGSPHE+Z, therefore existang only in the negative Z direction. By
default the center of the sphencal surface is the origin and the d>=*=ac= of

|
the base from the center of the sphencal surface is zero.

: 6HDGCYLc4 is used to deilne a cf /-k.! segment whose axis is in the h directson
(b = x, y, o z) and whose cylindrical surface exists only in the e direc-

:
tion from a plane - "--'-- to the 4 axis (c - + or , d = x, y or;
z). The position of this plane (cut surface) can be specified in the optional
region data. This plane cuts the cylinder parallel to the axis at some dis-
tance, p, frees the axis. Bf efault, the axis passes through the origin andd
p is zero. (Examples: ZHDGCYL+X, YHDGCYL-Z, XHDGCYL+Y)

f.15

* /
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,

The MfXTURE ID met specifies the mixture that is to occupy the volume defined by the region. 3'
His is followed by one or more blanks.

The AIAS ID imp specifies the weights that are to be used in the volume defined by the
geometry card. Default weights are used for every imp not specified in the
BIASING INFORM 4T10N data. For clarification of how to use imp to
specify nondefault weights, see Sect. Fil.4.7. De SEAS 10 number is
followed by one or more blanks.

.' APPROPRIATE REGION DIMENSIONS lxx(!) through xx(6)) are separated by one or more blanks
and define the size of the region.,

xx(t) Radius for a sphem cylinder, honusphere, or hemicylinder.2

- +X di- for a cube or cuboid.

xx(2) -X d=====aa for cube or cubo;d,'

+Z for cylinder or Z cylinder,

J +X for X cylinder,
; +Y for Y cylinder,
i + length for homicylinder,

omit xx(2) for a sphere or hemisphere."

xx(3) +Y da- for cuboid.
-Z for cylinder or Z cylinder,
-X for X cylinder,'

-Y for Y cylinder, Q*
J| -length for h=ancylinder,
j omit xx(3) f6r a sphere, hemisphere, or cube.

i

xx(4) -Y di- for cuboid,

omit for all other geometry types.,

A
xx(3) +Z d'= for cuboid,

onsit for all other geometry types.
,

xx(6) -Z dimension for cuboid,
omit for all other geometry types.

..

j Enter origin data in the form:
a fgeon enter the word ORIG or ORIGU4

[ij xx(l) the X coordinate of the origin of a sphere or hemisphere,
'

] the X coordinate of the centerline of a Z or Y cylinder or honucyhnder,
the Y coordinate of the centerline of an X cylinder or homicylinder.

,,
n
"

xx(2) the Y coordinate of the origin of a sphere or hemisphere,

L the Y coordinate of a Z cylinder or beaucyhnder,
j the Z coordinate of an X or Y cylinder or beaucyhnder.
u

xx(3) the Z coordinate of the origin of a sphere or hemisphere; omit for all cylinders |

and bennicylinders. )
,

H
, ,. _ - , . , . , , , . ~ , . , .-- -- .

;
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l

Enter chcrd data in the form:.

fgrom enter the word CHORD

xx(7) The die *e . p, from the " cut surface" to the center of the spherical surface or
axis of a homicylinder. See (1) and (2) above and Fiss. Fil.4.6 and Fil.4.7.
For example if a is 5 cm for both pictures, the chord data for Fig. Fil.4.6
would be CHORD -5.0 and the chord data for Fig. Fil.4.7 woukt be CHORD
5.0. Entering a positive value with CHORD implies that more than half of the,

' sphencal or cyl dr;ce! body ensts; entering a negative value with CHORD
implies that less than half of the sphencal or cylindncal body ensts.,

,
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! Fig. Fil.4.6. Partially filled 1-W or beaucyhnder less than half full /
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|

(c) EXTENDED GEOMETRY DESCRIPTION . . . *lhis type of geometry data references geo-
metric description data from other geometry or array descriptions. Free form input is used to 3
enter the data. Options R, *, 5, and P from Table Fil.4.2 can be used. Each EXTENDED
GEOMETRY DESCRIPTION is entered in the form:

| GEOMETRY WORD
| fgeom
|

REFERENCEID
,

met
.

,
BIAS ED

| imp
-

THICKNESS PER REGION
xx

; ORIGIN COORDINATES
origin data

I

GENERATED
'

[ REGIONS

|
nreg

The GEOMETRY WORD fgeon is followed by one or more blanks and must be one of the keywords
@dbelow.

|

ARRAY, CORE, COREBDY, CGREBNDS, COREBOUN, HOLE, REPLICATE,
REFLECTOR

! NOTE: fgeom may be no more than 12 characters long.
4

) ARRAY, CORE, COREBDY, COREBNDS or COREBOUN are ARRAY PIACEMENT descrip- ;

|; tions. They always start a new unit and generate a rectangular parallelepiped that fiti the outer bound-
! aries of the specified array. When an array placement description is the first geometry region in a unit,

the specified array is positioned in the unit according to its origin coordinates. The origin coordinates
specify the most negative point in the array with respect to the coordimte system of the surrounding
unit.

s

i HOLE is used to place a specified unit within the sim;te geometry region that precedes it. The
position of the HOLE within the region is deteramed by the origin coordmates.

1 '

j REPLICATE is used to generate additional geometry regicas having the shape of the previous
{ region. The geometry word REFLECIOR is a synonym for REPLICATE. The desired weighting func.

tions can be apphed to those regions by specifying biasing data as described :s Sect. Fil.4.7. The
REPLICATE specification includes (1) the MIXTURE ID. mat, (2) the first BIAS ID imp, for which
these weighting data. apply, (3) the thsckness per region for each surface, xx(1).. xx(6), as necessary to
specify the desired ths.kness per region for each surface of the shape being generated, and (4) the num-
ber of regions to be generated, nreg. The total thickness generated for ee.ch surface is the thickness per

. region for that surface times nreg.

,

t

6

5

. ._ , . _. _-_
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The replicate card is frequently used to generate weighting regions external to the ARRAY PLACE-
MENT description. Thus an ARRAY PLACEMENT description followed by a REPUCATE descrip-
tion would generate regions of a cuboidal shape. A cylindrical reflector could be generated by following
the ARRAY PLACEMENT description with a CYUNDER and then a REPUCATE. A HOLE cannot
immediately follow a REPUCATE.'

Extra regions using default weights can be generated by specifying the first importance region, imp,a

to be one that was not definad in the RIASING INFORMATION. This capability can be used to gen- |
,

M nformatma such as fluxes, leakage, etc.erste extra regions for M i

Multiple r$enta desenptions can be used in any problem. This can be utilized to handle different
reflector matenals of different thelraans os different faces.-'

The number of appropnate region * . xx, for specifying REPUCATE are determined by
the preceding region. (For example, if the previous region was a sphere, one entry is required. If the

,

previous region was a cylinder, the first entry is the thickness / region in the radial direction, the second
entry is the thickness / region in the positive length LA and the third entry is the thickness / region
in the negative length Gwuce, etc.) The rephcate specification requirements for a cube are the same

'

as for a cuboid.

REFERENCE ID mar specifies (1), (2) or (3) below

(1) numars, the array referenced by the ARRAY PLACEMENT
description. (ARRAY, CORE, COREEDY, etc.)

!) (2) thols, the unit that is to be placed within the preceding SIMPLE
GEOMETRY REGION for a HOLE description.

(3) mer, the mixture that is to be used in the generated regions for a
REPUCATE description.a

.; BIAS ID imp

..

] (1) omit if fguom is ARRAY. Enter a positive number for other

)A
ARRAY PLACEMENT descnptions.

s:

I (2) omit iffgvom is HOLEj ,

(3) For REPUCATE, imp is the BIAS ID number corresponding to'

the first generated region and is incremented by one for each gen.

L ersted region. If imp is negative, it is not incremented, and all
the generated regions use the absolute value of imp as their BIAS,

ID.

,

APPROPRIATE REGION DIMENSIONS (xx(l) through xx(6) are separated by one or more blanks.
y

.,

k THICKNESS PER REGION xx
' '' (1) auiit for ARRAY PLACEMENT desenptions

(2) ooiit for HOLE

i: (3) for REPUCATE, [xx(l) through xx(6)] are separated by one or
.

more b anks and define the size of the region. The thickness per
'h region is always positive,
v

4

i!
,. - . ., . . . . ~ , - . _ . , . , . . .
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,

xx(l) First thickness per regma for the generated geometry (i.e., in the radial direction for 3
a spherical or cylindrical shape, or in the positive X direction for a cube, cuboid or' '

core).

(

xx(2) Second thickness per regma for the generated geometry (i.e., in the direction of posi-
tive length for a cylinder or hemacylinder or in the negative X direction for a cube,
cuboid or core).,

Omit for sphere or heniaphms.
;

xx(3) T1urd thschi=== per region for the generated geometry (i.e., in the direction of nega-
tive length for a cylinder or bemacyhnder or in the positive Y duection for a cube,4

cuboid, or core).
,

Omit for sphere or '4T

2

xx(4) Fourth thickness per region for the generated geometry (i.e., in the negative Y direc-
*

) tion for a cube, cuboid, or core).
Omit for all other geometry types.

xx(J) Fifth thackness per region for the generated geometry (i.e., in the positive Z direction
for a cube, cuboid, or core).
Omit for all other geometry types.,

xx(6) Sixth thickness per regma for the generated geometry (i.e., in the negative Z direc-
tion for a cube, cuboed, or core).
Omit for all other geometry types. ,

p,

.; ORIGIN COORDINATES xxorg (xxorg(l) through xxorg(3) are separated by one or more blanks)
.

xxorg(l) (1) enter the X coordinate of the most negative point of the array with respect to the
; coordinate system of surrounding unit for ARRAYPLACEMENT descriptions

4 (2) enter xhole, the offset in the X directice of the origin of the HOLE UNIT with
respect to the origin of the regma in which it is placed

t (3) omit for REPLICATE

xxorg(2) (1) enter the Y coordmate of the most negative point of the array with respect to the sur-
rounding unit for ARRAY PLACEMENT descriptions

J
~j (2) enter phole, the offset in the Y direction of the origin of the HOLE unit with respect

to the origin of the region in which it is placed

[ (3) omit for REPf.JCATE
*

1
4
3 xxorg(J) (1) enter the Z coordinate of the most negative point of the array with respect to the sur-
~; rounding unit for array placement desenytaons

'

j (2) enter hole, the offset in the Z direction of the origin of the HOLE unit with respect
? to the origin of the regma in which it is placed

h (3) omit for REPLICATE

u
-)

L

:

I'
\
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NUMBER OF GENERATED REGIONS arer (1) omit for array placement descriptions

(2) omit for HOLE
(3) enter the number of regions to be generated for

REPLICATE
OPTIONAL GEOMETRY COMMENTS . . . these data allow the user to enter a comment for any
unit. Data are entered in the form:

COM = delim coment delim

The keyword COM= signals that a anm==~t is to be read. The first non-blank character following the
keyword is the begmams delimiter, delim. The cammaat can be as long as 132 characters, including
imhaMarl blanks. It must be termiantad with the same dahmiter that signaled the beginning of the
comment. The optional geometry comment must follow the UNIT INITIALIZATION for a unit but
can precede or follow any SIMPLE or EXTENDED GEOMETRY REGION DESCRIPTION within
the unit. In the event that more than one comment is entered within a unit, the last one is used. Exist-
ing comments are printed at the beganing of each unit description in the computer printout.

F11A.5 ARRAY DATA

ARRAY DEFINrrION DATA . . . The array definition data block is used to define the size of an
array and to position units (defined in the geometry data) in a three-dimensional lattice that represents
the array being described. As many arrays as are necessary can be described in a problem, subject to
computer storage limitations. A single unit problem is one for which an array definition data block is,

not entered.,

An array definition data block consists of ARRAY PARAMETERS followed by a UNIT ORIEN.
TATION DESCRIPTION. The sequence ARRAY PARAMETERS. UNIT ORIENTATION
DESCRIPTION must be repeated for each array that is to be used in the problem. ARRAY PARAM-
ETERS must be entered for all array problems and consist of parameter input defining (1) an' array
identification number for the lattics, (2) the number of units in each direction of the three-
dimensional lattice, (3) the global array number, and (4) a comment to be printed at the beginning
of the array in the printout. The global array is the array referenced by the global unit in a problem.
If there is no global unit, the global array is the outermost array in the description of the problem. The.

array identification number, (1), and the number of units in each direction, (2), and the associated
UNIT ORIENTATION DESCRIPTION must be entered for each array that is used in the problem.
The global array number, (3), should be entered only if a global unit does not exist. If it is entered
more than once, the last value is used. The optional array ramment is available for the user's conven-
ience, but is not necessary for the problem. The UNIT ORIENTATION DESCRIPTION consists of a
KEYWORD, UNIT ORIENTATION DATA and a DELIMITER whick must be entered in order. The
KEYWORD is used to ianheata the method of entering the unit orientation data. The UNIT ORIEN-
TATION DATA sequence is used to position units in three Amaanian=I lattice and the DELIMITER is
used to terminata the unit orientation data for the array. The UNIT ORIENTATION DESCRIPTION

i does not need to be entered for a problem in which only one boa type or unit is described unless that
unit number is larger than 1. It must be enteredfor all problear utilizing more than one unit or box

'

type. The adjacentfaces of units in contact Mah each other Mthin an array must be the same size and
shape. Multiple arrays are, defined by entering the sequence ARRAYPARAMETERS. UNIT ORIEN.
TATION DESCRIPTION for each array that is to be described in the problem.

Enter ARRAY DEFINITION DATA in the form:

.

k

/
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t

READ ARRAY ARRAYPARAMETERS UNIT ORIENTATION DESCRIPTION END ARRAY ,

'

;

A lxlxl array of Unit I can be defined by entering only the READ ARRAY END ARRAY.
ARRAY PARAMETERS define the array number and the array size. They utilize the following key-
words. Enter only those whose value you wish to change..

| ARRAYPARAMETERS
,

ARA =mmne array number for the array being input, default = 1,

[ GBL = iglo61 array number for the global array (enter no more than once
for a problem), default - largest value of numa for an"

"- unreflected system or the value of numera entered in the
global unit..

NUX = dxmax number of units in the X direction of the array,-

default = 1
,

NUY = dymax number of units in the Y direction of the array,
default = 1

: NUZ = drmax number of units in the Z direction of the array,
default = 1

COM = delim coment delim allows entering a comment that will be printed with the unit
orientation data. Maximum comment length is 132
dere im.]

The UNIT ORIENTATION DESCRIPTION is composed of a KEYWORD, ORIENTATION
'j DATA and a DELIMITER as described below:

'.
' KEYWORD <

type enter the word LOOP or FILL, followed by one or more blanks.

kI LOOP enters unit orientation data in a =====e resembling FORTRAN DO loops.
The first ficid contains the unit number, followed by three fields that are treated like
EORTRAN DO loops. The arrangement of boxes may be considered as consisting of'

a three-dimensional matrix of unit numbers, with the unit position increasing in the
positive X, Y, and Z directions, respectively. Each set of mixed box orientation data
for the LOOP option consists of the followmg parameters, separated by one or more
blanks.-,

..

ORIENTATION DATA for LOOF
h
!I
j ltype The unit or box type, Itype must be greater than aero.
e

1
,

fxl The startiss position in the X O ;,os, fx/ must be at least I and less than or equal to
ij dxmax (parameter NUX). .
t

lx2 The ending position in the X Losios, fx2 must be at least I and less than or equal to dxmax.'

g.

)

,

|'e,-- e e+ . ~ + - . , . _.- sa -- , , ,
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i

lacx The number of units by which increments are made in the positive X direction. lacx must be
greater than zero and less than or equal to abxmax.

lyl The starting position in the Y direction. lyt must be at least I and less than or equal to
dymax (parameter NUY).

|
ly2 De ending position in the Y O-4 ly2 must be at least I and less than or equal to dymax.'

.

The number of boxes by which merements are made in the positive Y Owh facy must belacy
greater than aero and less than or equal to dymax.,

Irl The starting position in the Z C Ges, irl must be at least I and less than or equal to drmax
(parameter NUZ).

:

fr2 The ending position in the Z Owdes, ir2 must be at least I and less than or equal to drmax. l

lacr The number of boxes by which increments are made in the positive Z directen. Incr must be
greater than zero and less than or equal to drmax.

The sequence Itype through fact is repeated until the entire array is described. If any portion of an
J.. array is defined in a confhetang manner, the last entry to define that portion will determine the array's

configuration. To utilize this feature, fill the entire array with the most prevalent unit type and super-
impose the other unit types in their proper places. An exampis showing the use of the LOOP option is

j given below.

10
'

Given:

12121 21212 11111

11111 22222 1333i
f

,: 1Ii11 22222 13331

12121 21212 11III
,

N Z Layer 1 Z Layer 2 Z Layer 3

De data for this array could be entered using the following entries:.

(1) 1 I51 141 1 3 1 This fills the entire array with I's.
;.

(2)2 252 143 1 1 1 This loads the four 2's in the first layer.
-4

j (3) 2 151 231 2 2 1 This loads the secoed and third rows of 2's in the second layer.

(4)2 152 143 2 21 nis loads the desired 2's in the first and fourth rows of the secondg
layer.

'
.

/ (5)3 241 231 3 31 nis loads the 3's in the third layer and completes the data input for
the array.

.

yt e p+ ***bei ****r "*

~
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_ _ _

7
- _ - _ . .- . - - _ _. -- _ _ _ _ - - - - - _ -._. _ - _ _ - .

.

F11.4.22

.

De second layer could have been defined by substituting the following data for entries (3) and (4). 3

(3) 2 151 141 2 2 1 Dis completely fills the second layer with 2's.

(4) 1 242 143 2 2 1 This loads the four l's in the second layer.
:I

When using the LOOP option, there is no single merect method of entering the data. If a unit is.

improperly positioned in the array or if some positions in the array are left undefined, it is often easier,

to add additional data to correctly define it than to try to correct the existang data.
;

FILL enters data by stringing in unit numbers starting at X-1, Y-1, Z-1, and varyinga

X, then Y, and then Z to fill the array, dxmax x dymax x abrmax entries are
required. FIDO-like input options are also available for filling the array.

ORIENTATION DATA for FILL

De FILL option caanwa of entering a unit number for every position in the array by using the
FIDO-like input options specified in TableFil.4.2. The orientation data for the FILL option may be''

terminated with a T.

DELIMITER

Enter the word END followed by a blank and the previously entered EEYWORD (i.e., enter END'

FILL or END LOOP). The delimiter need not be entered if only one set of ARRAY DEFINITION

j DATA is to be toed.

.i

.

4

'
s

e

.

!'

;
;

h
:

; n

|
1

N

..

I s.

i

f

I

i

M 4 9.e*.*y#$@ *M 9g -4* q e.=.,=.

h
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.

Table Fil.4.2. FIDO-like input for mixed box orientation fill option

Count Option Operand
Field Field Field Function <

|
'

f stores f at the current position in the array

i R f stores f in the next i positions in the array
;

f stores J in the next i poutions in the array! i *

!
l 5 / stores f in the next i positions in the array

| t P f alternately stores f and -f in the next i positions of the array
4

i
j F J fills the r====lar of the array with unit number f, starting with the cur- !

rent position in the array

i A f sets the current position in the array to f
+

| t S increments the curreut position in the array by i (This allows skipping i
positions, i may be positive or negative.)

,

.

i Q J repeats the previous j entries i tunes. The default value of f is 1.

*
i N f repeats the previous j entries i times, inverting the sequence each time.

The default value of f is 1.

i B f back i entries. From that position, repost the previous j entries in reverse
:

order. See Example 4. The default value of i is 1.

I I Jk primdes i entries linearly interpolated between f and k, and the end points
I (Le., a total of i+2 points)f and k must be separated by at least one blank.

1
| i L fk primdes i entries logarith== ally interpolated between j and k, and the
( end points (i.e., a total of i+2 points) f and k must be separated by at
i least oss blank.
|

T ternumates the data reading for the array

|

j When entering data utdimag the options in this table, the comerfield and optionfield must be adjacent
wirA no ino6edded blaaks. The operaad field may be separated from the option field by one or more

" blanks.

<

= = , 7 e mmeyw Me++ ** = f e
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'

To illustrate the use of the options availabis in Table Fil.4.2, consider the following examples. The
positions in an array are numbered sequentially from Icft to right, bottom to top. A 3x3x1 array is 3
numbered as shown below. |

7 8 9

4 5 6

1 2 3

. EXAMPLE 1. Coemder a 3x3:1 array filled as shown below.

p i l I
l
'

1 2 1

i

i I i

The input data to describe this array could be entered as follows:

(1) i I i 121111 T This fills the array, one position at a time, starting at the lower left
corner. De T termmates the data.

i

; (2) Fl A5 2 T The F1 fills the entire array with l's, the A5 locates the fifth posi-
! tion in the array, and the 2 loads a 2 in that position. The T ter-

L,h
,

annates the data.

i. (3) FI At 4S 2 T The F1 Tdis the entire array with I's, the At locates the first position
4 la the array (lower left corner), the S4 skips over the next four posi-

tions in the array, and the 2 loads a 2 in the next position. The T
i terminates the data.

,

i

[ (4) 4RI 2 4R1 T The first 4R1 loads l's in the first four positions of the array, a 2 is
! loaded is the next (fifth) position of the array, and the last 4R1

loids l's in the next four positions of the array. The T terminates
the data.,

'

1

(5) 4*12 451 T The 4$1 loads I's in the first four positions of the array. A 2 is i

loaded is the next position of the array, and the 451 loads I's in the
next four positions of the array. The T terminates the data.

4 EXAMPLE 2. Coomder a 4x3x1 array filled as shown below.
k

t 2 2 1i,

-

|
1 2 2 1

.

I 2 2 I

.)

...~g ,, . . - . , , . - -. . ..~.,
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,

The input data to describe this array could be entered a follows.

(1) 12 2112 2112 21 T This fills the array, one position at a time, starting at the
lower left corner. The T terminates the data. |

|

! (2) 12R2 2RI Q4 2R21 T A I is loaded in the first position of the array. The 2R2
loads 2's in the next two positions of the array (positions two
and thres). The 2R1 loads I's in the next two positions of
the array (positions four and five). The Q4 loads the

,

2 21 1 from postions two through five in positions six !
through nine. The last 2R2 loads 2's in positions ten and,

i eleven of the array. The last I loads a 1 in the next position
,

(position twelve). The T terminates the data.
,

,

(3) 12 5N2 T The 1 is entered in the first position of the array and the 2 is
,

entered in the second position. The SN2 causes the previous,
~ two entries to be repeated five tunes, reversing their order

each time. The T terminates the data.
-

.

(4) 12R212Q4 T The first 1 is loaded in the first position of the array. The
2's are loaded in positions two and thrse of the array. Then
a 1 is loaded in the fourth position of the array. 11 tis
describes the entire bottom row of the array.11:e 2Q4 then
repeats the previous four entries (those loaded in positions
ces through four of the array) two tunes. Thus the first row,

'

is repeated twice, filling the remainder of the array.
,

EXAMPLE 3. Consider a 6x3x1 array as shown below.

1 2 2 1 1 2
i

1 2 2 I I 2

e 1 2 2 1 1 2
.

; A simple input description for this array is:

(1) 12 2N2 2Q6 T The first position of the array is idled with a 1. The second
position of the array is idled with a 2. The 2N2 causes the
previous two entries to be repeated two tunes, reversing their -

order each time. This completes loading the bottom row of
the array. The 2Q6 repeats the previous six entries twice,

; compisting the second and third rows of the array. The T
; ter-aa*=, the data.

.

EXAMPLE 4. Conader a 7x3x! array as shown below.

I 2 3 4 3 2 1

2 3 4 5 4 3 2

1 2 3 4 3 2 1

. , . . - - . , - , ..
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i
3

The input data to describe this array could be entered as follows: s
3
i

(1) I 2 3 4 IB3 2 3 4 5 IB3 12 3 4 IB3 T The 12 3 and 4 are loaded in the first four
positions of the array. The IB3 steps back
over the 4 and repeats the 12 3 sequence in
reverse order (i.e., 3 2 1). This yields the
t234321 in the first row of the array.

,

The same procedure applies to the next two
rows.,

j (2) 12 3 4 IB3 2 3 4 51B10 T The 1 2 3 4 IB3 yields the first row as
explanned above. The 2 3 4 5 enters the
2 3 4 5 at the left of the second row. The
IB10 enters the 4 3 2 at the right of the

,

second row and the entire third row.'

:

F11.4.6 ALBEDO DATA'

ALBEDO DATA . . . Albedo boundary conditions are entered using a FACE CODE to define
where albedo conditions are to be used, and an ALBEDO NAME to indicate which albedo condition is

to be used on that face. The defanit raine for each face is vacuum. The default values are overridden
only on faces for which other albedo names are specified. Albedo boundary conditions are applied only
to the outermost regles of a prehten. This geometry region must be a rectangular parallelepiped.t

i
Enter ALBEDO DATA in the form: .

READ BOUNDS

FACE CODE
fue

| ALBEDO NAME

| aname
,

'

END BOUNDS'

The sequence FACE CODE. ALBEDO NAME is entered as many times as necessary to define the-

j appropriate albedo boundary conditions. If multiple entries are made for a face, the ALBEDO NAME

j associated with the last FACE CODE specifying that face is used.
.

'

The FACE CODES are described in Table Fil.4.3 and the ALBEDO NAMES are given in Table

i. F11.4.4.
!
'

l
J

!

v.

<
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4 . ,

Table F11.4.3. Face codes for entering boundary (albedo) conditions

Face Code Faces that are defined by the Face Codes |
+XB- positive X face
&XB- positive X face
-XB- negative X face
+YB- positive Y face
&YB- positive Y face
-YB- negative Y face
+ZB- positive Z face )
&ZB- positive Z face
-ZB- negative Z face

ALL= all 6 faces
' XFC- both positive and negative X faces
C YFC- both positive and negative Y faces

i ZFC- both positive and negative Z faces
+FC- positive X, Y, and Z faces

,,

AFC- positive X, Y, and Z faces
FC- negative X, Y, and Z faces

XYF= positive and negative X and Y faces
XZF- positive and negative X and Z faces
YZF= positive and negative Y and Z faces
+XY- positive X and Y faces
+YX- positive X and Y faces

F &XY- positive X and Y faces

O *vx- sitive x nd v r ces.

+XZ- positive X and Z faces
+ZX= positive X and Z faces -

&XZ- positive X and Z faces
&ZX= positive X and Z faces
+YZ- positive Y and Z faces

j +ZY- positive Y and Z faces
1 &YZ- positive Y and Z faces
j &ZY- positive Y and Z faces

'-
-XY- negative X and Y faces
-XZ- negative X and Z faces
-YZ = negative Y and Z faces
YXF- positive and negative X and Y faces
ZXF- positive and negative X and Z faces
ZYF- positive and negative Y and Z faces
-YX = negative X and Y faces
-ZX = negative X and Z faces3 *

jj -ZY- cegative Y and Z faces
a

L
I? -

!

.

t

A,.
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'

Table Fil.4.4. Albedo names available on the KENO V albedo .

library for use with the face codes

Albedo Name Albedo Descripdon

DP0H2O 12-in. (30.48-crn) double P wate differential
DPOH2O albedo with 4 inculent angles
DP0
DM

,

H2O 12-in. (30.48-cm) water differential albedo I,
WATER with 4 inculent angles

! PARAFFIN 12-in. (30.48-cm) paraffin differential albedo
PARA with 4 incxient angles .

WAX

: CARBON 78.74-in. (200.00 cm) carbon differential

{ GRAPHITE albedo with 4 inculent angles
! C

'

ETHYLENE 12-in. (30.48-cm) polyethylene differential
POLY albedo with 4 incident angles
CH2

CONC-4 4 in. (10.16-cm) concrete differential albedo
CON 4 with 4 inculent angles
CONC 4

CONC-8 8-in. (20.32-cm) concrete differential albedo
I CON 8 with 4 inculent angles
i CONC 8
e

CONC-12 12-in. (30.48-cm) concrete differential albedo
CON 12 with 4 inculent angles

(j CONCl2

} CONC-16 16-in. (40.64-cm) concrete differential albedo
CON 16 with 4 inculent angles
CONC 16

CONC-24 24 in. (60.96-cm) concrete differential albedo
'

CON 24 with 4 incident angles
! CONC 24
t '

~ VACUUM vacuum conditioni
- VOID

VACU
VAC

3 SPECULAR nurror image reflection

i MIRROR
j MIRR

SPEC
SPE
MIR
RER 3
REFLECT >

PERIODIC peruxhc boundary condition
PERI
PER-

, -_.,__-,,....._..,,m_.._.. .__ . .
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F11A.7 BIASING OR WEIGHTING DATA' i

L l*

.f BIASING INFORMATION . . . he average weight of a neutron that survives Russian roulette,
p. ,. wtavg, is defaulted to dwtav (WTA= in the parameter data) for all BIAS ID's and can be overridden

'' by entering biasing information.

The biasing information is used to relets a BIAS ID to t$ desired energy-dependent values of
s - wtavg. His concept is umilar to the way the MIX 7T/RE ID. mat is related to the macroscopic cross-

section data.
I

The weighting fe== used in KENO V are energy-depenleat values of wtavg that are applicable ,

2 !over a given thickness interval of a material For example, the weighting function for w'ater is com-
posed of sets of energy %t values of wtavg for 11 intervals, each interval being 3-cm thick. The
first set of wtavg's is for the O to 3-cm interval of water, the second set of wtavg's is for the 3 to 6-cm
interval of water, etc. De eleventh set of wtavg's is for the 30 to 33-cm interval of water.

: To input biasing information, a BIAS ID must be assigned to correspond to a set of wtavg. Biasing
data can specify a MATERIAL ID from the existing KENO V weight library or from the
AUXILIARY DATA input. De materials available from the KENO V weights library are listed in
Table Fil.4.5.

BIASING INFORMATION is entered in the following form:

READ SIAS KEYWORD CORRELATION DATA AUXILIARY DATA END DATA

O xsvwoao
enter io. wr . Wu. .

ID- specifies that CORRELATION DATA will be entered next.

j WT= or WTS specifies that AUXILIARY DATA will be entered next.

I
1 CORRELATION DATA are used to correlate a set of wtavg to a BIAS ID, imp, as
; specified in the geometry data. His causes the specified wtavg'

to be used as the weighting function in the volume defined by4

that geometrv_ region.

. CORRELATION OATA must be err.ered in the order shown.

id enter the identification (MATEPM; ID t be the material whose weighting function is
to be used. A material ID cr3 bg~- rom the existing KENO V weights library'

(Table Fil.4.5) or from the Acilltmt * OATA as described later. If a material ID-

appears in both the KENO V weights Erary and the AUXILIARY DATA, thes .

} wreg from the auxdiary data will be used.

's
' ibgn is the BIAS ID of the weighting funcuon for the first interval of material 14. The

geometry card having imp = 6gn will use the group-depends.it wtavg's from the
first interval of material 14 >

,

,

G. tend is the BIAS ID of the group-dependent wtavg's from the (tend ibgn +1)th interval'

-# n of material 14.-
,

+
7

L ,

'
. $

|~ . .._n. . . . . . . - --n. ~ . .

, - - ---
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AUXIUARY DATA are used to enter biasing or weighting information from cards. )
It can be used to supply biasing information for materials not
found in the KENO V weights library or to override the

L wtavgs from that library. .

AUXIUARY DATA must be entered in the order shown.
watit/ cater an arbitrary 12 character title name such as CONCRETE, WATER,

, SPECIALH20, c:c., to identify the matenal for which you are entering data.
l

14 enter an klentification number (MATERIAL ID). The value is arbitrary. However,j if the data are to be utilized in the problem, this ID must also be used at least ooce in
the CORRELATION DATA..

d
;. nsets enter the number of sets of group structures for which wtavg will be read for this
i- id.

')
The sequence thkine, numine, aspwt. wtavg, described below, is repeated arets times,

'

o thkine enter the thickness of each increment for which wtavg will be read for this id.

E numane enter the number of increments for which wtavg will be read for this id.

; agpwt enter the number of energy groups for this set of wtavg.

d
,

"
; wravg enter numanc x aspwt values of wtavg. For each value of namine, ngpwt values of

1 wtavg must be supphed.
n

CAUTIONS:

h I. Each et of aunhary or correlation data must be completely described in conjunction with its key.
'i word. r ~,-,a-e sets of these data can be interspersed in an arbitrary order but data within each
i set must be entered in the specified order.
:;

2. Auxiliary data: If the same id is specified in more than one set of data, the last set having the
group structure used in the problem is the set that will be utilized..

N

,, 3. Correlation data: If biasmg data define the same bias ID (Imp, from the geornetry data) more
j than once, the value that is entered last supersedes previous entries. Be well aware that multiple
1' definitiont for the same bias ID can cause erroneous answrs due to overbiasing. Error messages

K5-125 and K5-128 may be printed.
i

An example of multiple definitions for the same bias ID is given below:

READ BIAS ID=400 2 7 ID-500 5 7 END BIAS .

The data for paraffin (ID-400) will be used for bias ID's 2, 3, and 4, and the data for water
'

(ID-500) will be used for bias ID's 5,6, and 7.
.

.

O

d
._ . .r.._._.. ..c._ ~ ~

. 4

,
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Multiple definitions for the same bias ID are not necessarily incorrect. However, the user should be
cautious about doing it and assure that the desired biasing or weighting functions are utilized in the
desired geometry regions.

.

Table Fil.4.5. ID's, group structure and incremental thicknesses
for weighting data available on the weighting library

Group Structure Increment *
.

Material For Which Weights Thickness Total Number of
Material ID Are Available (cm) Increments Availabic

|5,

'

Concrete 301 16 5 20*

27 5 20

123 5 20

Paraffin 400 , 16 3 10

27 3 11

123 3 10.

W ater 500 16 3 10

27 3 11

123 3 10
,

218 3 11
I (3

( ,, / Graphite 6100 16 20 6

27 20 10

123 20 6

'GrouWeat weight averages are supphed for each increment of the-

'specified incremental thickness, i.e., for any given matertal, the first
, '

|
agp (number of energy groups) weights apply to the first increment of
the thickness specified in Table Fl!.4.4, the next asp weights apply+

1 to the next increment of that ha==. etc. CAUTION: If bias id's defined
in the weighting information data are used in the geometry, the region
thickness should be consistent with the incremental thickness of the 4

weighting data in order to avoid over biasing or under biasing. -

An example of how the RIAS ID relates to the energy-dependent values of wtavg is given below.

Assume that a paraffin reflector is to be used and it is desirable to use the weighting function from.

|, the KENO V weighting library to minimum the running time for the problem. Also assume that these
j, weightiag functions are to be used in the volumes defined in the secmetry cards having imp = 6,7,8,

1 and 9. CORRELATION DATA are then entered.

O KEYWORD is ID.
'

3
Id is 400, the ID for paraffin
ibgn is 6, the first Imp that uses the weighting function,

l lend is 9, the last imp that uses the weighting function
.

..,e#

w

f

,
4

'i

'
. - . . ,+ - , ,
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'

and AUXILIARY DATA will not be entered. The biasing data would be: READ BIAS ID=400
6 9 END BIAS .)

The results of these data are:
s

(1) the grouMat wtavg for the O to 3-cm interval of paraffin will be used in the volume
defined by the geometry card having imp- 6.

'

(2) the grouMt wtavg for the 3 to 6-cm interval of paraffin will be used in the volume
defined by the geometry card having imp- 7.,

(3) wtavg for the 6 to 9-cm interval of paraffin will be used where imp = 8.

(4) wravg for the 9 to 12-cm interval of paraffin will be u.ied where imp = 9.

f '/11.4.8 START DATA

START DATA . . . Special start options are available for controlling the initial neutron distribu-
tion. The default starting distribution for an array is flat over the overall array dimensions, in fissile
material only. The default starting distribution for a single unit is flat over the system, in fissile mate-
rial only. See Table Fil.4.6 for the startmg distributions available in KENO V.,

| READ START

f "the starting information that can be entered is given below. Enter only the data necessary to h
} describe the desired startmg distribution.

'

NST= ntypst start type, default - 0
See Table Fil.4.6 for available options.

j TFX- tfx the x coordmate of the point at which neutrons are to be started, default- 0.0
. Use for start types 3,4, and 6.
,

TFY- ify the y coordinate of the point at which neutrons are to be started, default- 0.0
Use for start types 3,4, and 6.

TFZ- tfr the z coordmate of the point at which neutrons are to be started, default- 0.0
Use for start types 3,4, and 6.

4
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Table Fil.4.6. Starting distributions available in KENO 'V
.

Start Required Optional
Type Data Data Starting Distribution

0 None NST Uniform throughout fissile material within the volume
XSM defined by (1) the outer regma of a single unit,(2) the
XSP outer regma of a reflected array having the reflector
YSM key set true, (3) the core boundary of the global array,
YSP or (4) a cuboid specified by XSM, XSP, YSM, YSP, ZSM,

'
ZSM and ZSP.

~

ZSP
RFL*

PSP.

1 NST XSM The starting points are chosen according to a casine
~

XSP distribution throughout the volume of a cuboid defined
YSM XSM, XSP, YSM, YSP, ZSM, and ZSP. Points that are not^

YSP in fissile material are discarded.
- ZSM

ZSP
RFL
PSP

2 NST XSM An arbitrary fraction (FCT) of neutrons are started
NXS XSP uniformly in the unit located at position NXS, NYS,
NYS YSM NZS in the global array. The remainder of the
NZS YSP neutrons are started in fissile material, from -

FCT ZSM points chosen from a cosme distribution throughout '
a

P ) ZSP the volume of a cuboid defined by XSM, XSP, YSM, YSP,
' ''

RFL ZSM, ZSP. .

i PSP

3 NST KFS All neutrons are started at position TFX, TFY,
TFX PSP TFZ within the unit located at position

n
TFY NXS, NYS, NZS in the global array.

ii TFZ
J ygg

NYS
NZS

4 NST KFS All neutrons are started at position TFX, TFY,
TFX PSP TFZ within units NBX in the global array.

C"
TFY
TFZ
NBX

5 NST PSP Neutrons are started uniformly in fissile

a NBX material in units NBX in the global array.

d 6 NST NXS The startmg distribution is aroitrarily input. LNU
TFX NYS is the final neutron to be started at a point TFX,
TFY NZS TFY, TFZ relative to tbs global coordinate

.

TFZ KFS system or at a point TFX, TFY, TFZ, relative
LNU* PS6 to the unit located at the global array

PSP position NXS, NYS, NZS.

*When entering data for statt 6, LNU must be the last entryfor each
set of data and the LNU in each successive set of data must be larger
than the fart. A set of data consists of required and optional data.
The last LNU entered should b,r equal to the number per generation
(parameter NPG in the parameter input).

,.

;
'
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NXS- abu the x index of the unit's position in the global array, default = 0 ]
Use for start types 2,3, and 6.

NYS- abys the y index of the unit's position in the global array, default - 0
Use for start types 2, 3, and 6.

NZS= abrs the z index of the unit's position in the global array, default - 0.,

Use for start types 2,3, and 6.

')
KFS- kfir the nusture whose fission spectrum is to be used for starting neutrons that are not in a

fi-=his medium. Defaulted to the first fissionable mixture. Available for start
types 3,4, and 6.,

:. LNU- Ifin the final neutron to be started at a point. Default - 0. Each lfin should be greater
" than zero and less than or equal to NPG.

Use for start type 6.
.

NBX= about the unit or box type in which neutrons will be started. Default - 0 -

,
Use for start types 4 and 5.

FCT- fract the fractaca of neutrons that will be started as a spike. Default - 0
Use for start type 2.

I 1

| XSM- um tbs -X dimension of the cuboid in which the neutron will be started. For an array ..)
problem, XSM is defaulted to the minimum X coordinate of the global array. If the,

!'

reflector key RFL is YES, and the outer reflector region is a cube or cuboid, XSM is
defaulted to the minimum X coordinate of the outer reflector region. If RFL is YES
and the outer region of the reflector is not a cube or cuboid, XSM must be entered in

;; the data and must fit inside the outer reflector region. Available for start types 0,1,
; and 2.
d
3

: XSP= up the +X dimension of the cuboid in which the neutrons will be started. For an array,
"

problem XSP is defaulted to the maximum X coordinate of the global array. If the
j- reflector key RFL is YES, and the outer reflector region is a cube or cuboid, XSP is
'

defaulted to the maximum X coordinate of the outer reflector region. If RFL is YES
and the outer region of the reflector is not a cube or cuboid, XSP must be entered in
the data and must fit inside the outer reflector region. Available for start types 0,1,,

,; and 2. ''

||

[I YSM- ysm the -Y di- of the cuboid in which the neutron will be started. For an array
s problem YSM is defaulted to the minimum Y coordinate of the global array. If thej reflector key RFL is YES, YSM is defaulted to the mimmum Y coordinate of the
L outer reflector region, prtmded that region is a cube or cuboid. If RFL is YES and
i, the outer region of the reflector is not a cube or cuboid, YSM must be entered in the
t data and must fit inside the outer reflector region. Available for start types 0, I, and s

J 2.
'

|'
5

.

.

%
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.

YSP- ysp the +Y dimension of the cuboid in which the neutrons will be started. For an array ;

problem YSP is defaulted to the maximum Y coordinate of the global array. If the l

reflector key RFL 'is YES, YSP is defaulted to the maximum Y coordinate of the
.

outer reflector region, provided that region is a cube or cuboid. If RFL is YES and
the outer region of the reflector is not a cube or cuboid, YSP must be entered in the

;s data and must fit inne the outer reflector region.
Available for start types 0,1, and 2.

'

.
.

ZSM- zsm the -Z duneasion of the cuboid in which the neutrons will be started. For an array i

problean ZSM is defaulted to the manamum Z cecrdinais of the global array. If the
reflector key RFL is YES, ZSM is defaulted to the nununum Z coordinate of the
outer reflector region, provided that region is a cube or cuboid. If RFL is YES and"

the outer region of the reflector is not a cube or cuboid, ZSM must be entered in the
' data and must fit inside the outer reflector region.

Available for start types 0,1, and 2.

. ZSP ='zsp the +Z dimension of the cuboid in which the neutrons will be started. For an array
problem ZSP is defaulted to the maximum Z coordinate of the global array. If the'

reflector key RFL is YES, ZSP is defaulted to the maximum Z coordinate of the
outer reflector region, provided that region is a cube or cuboid. If RFL is YES and
the outer region of the reflector is not a cube or cuboid. ZSP must be entered in thea
data and must fit ina* the outer reflector region.
Available for start types 0,1, and 2.

1
'

'

RFL- rfikey the reflector key. If the reflector key is YES, neutrons can be started in the reflector.
O] If it is NO, all the neutrons will be started in the array. Enter YES or NO.!

Default - NO.
Avadable for start types 0, I, sad 2.

.

PS6- Iperd the key for priating start type 6 input data. If the key is YES, start type 6 data is
!, printed. If it is NO, start type 6 data is not printed. Enter YES or NO.
] Default - NO.
'

Available for start type 6.
j
II

PSP = Ipstp the key for printing the neutron starting points using the trackir.g format. If the key

). is YES, print the neutron starting points. If it is NO, do not print the starting points.
Enter YES or NO. Default - NO.;,

Available for all start types.
,

,o

f' END START

u
i F11.4.9 EXTRA 1-D XSEC5 ID'S DATA
1

EXTRA 1-D CROSS SECTION ID'S . . . Extra 1 D cross.sectica ID's need not be entered. They
are allowed as input in order to simplify future modificatsoas to calculate reactica rates, etc.

:. .
READ X1D6 EXTRA l-D CROSS SECTION ID'S END X1DS

r ',r

'

|
,.
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:

EXTRA 1-D CROSS SECYlON ID'S
f

Enter a 1-D identification number for each extra 1-D cross section to be used. These cross
| sections must be available on the mixture cross-section library. X1D entries are expected to
'

be read (see integer PARAMETER data).

! F11.4.10 MDQNG TABLE DATA

CR0 dis SEC110N MEGNG TABLE . . . A cross-sectaon mixing table must be entered if
[ KENO V is being run " stand alone" and a pr==nuarl ICE tape is not being used. A cross-section
| mixing table is entered in the form:
,

READ MIKT XSEC PARAMETERS MIXING TABLE END MIKT
a

The XSEC PARAMETERS include the number of scattering angles and the cross-section message
; cutoff value.
.o

The number of scattering angles specifies the number of discrete scattering angles to
be used for the cross sections. It needs to be entered only once for a problem. If more
than one value is entered, the last one is used for the problem. For assistance in deter-
mining the number of discrete scattering angles for the cross sections, see
Sect. Fi1.5.4.3.

L SCT= aret where aset is the number of discrete scattering angles, default - 1
1

p The cross-section message cutoff value is the value of the Po cross section for each energy C~

l transfer above which cross-section processms warning messages will be printed. The pri- *

; mary purpose of entering this cutoT value is to suppress printing these messages when
they are generated during cross-section processmg. For assistance in determining a value
for EPS, see Sect. Fil.5.4.7.

| EPS- p6xs where p6xs is the value of the Po cross-section for each transfer, above which generated
j warning messages wih be printed, default - 3 x 10-5
1

The MIXING TABLE is used to specify each mixture and the nuclide ID's and number densities used
in the mixtures. It consists of (a) a MIXTURE ID and a set of (b) NUCLIDE ID'.r and (c) NUMBER
DENSITIES (atoms /ba rn-cm).

3 (a) MIXII/RE ID MIX - mix where mix defines the mixture being described
i-

(b) AUCI.IDE ID nucl enter the auchde ID number from the AMPX working library+

1

(c) NUMBER DENSITY dear enter the number density a-'ari with nuclide ID number auct

REPEAT the sequence (b)(c) until the mixture has been completely described.

J REPEAT the sequence (a) (b) (c) until all the .nistures have been described.

NOTE: If a given nuclide ID is entered more than once in the same mixture, the number densities for ]"L that auchde are effectively summed.
h

,
.

,_ .. ....y , , , . . . . . . . - . - --
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If a mixture number is used as a nuclide ID, it is treated as a auchde and the number density
associated with it is really a density modifier. (If the density is entered as 1, the mixture is mixed
in at full density. If it is entered as 0.5, the mixture is mixed in at 1/2 its full density.) A Monte
Carlo formatted cross-section library is generated on the unit defined by the parameter XSC=. If
this data set is saved, subsequent cases can utilize these mixtures without remixing.

'

,

F11.4.11 PLM DATA

PLM or PICTURE DATA . . . Printer plots or pictures of slices through the geometry can be
printed showing nuxtures number, unit numbers, or bias ID numbers. The PLOT DATA can include
the data for any or all types of pictures. A picture by mixture number is the default kind of picture.
The kind of picture is defined by the parameter PIC=. Printer plots are printed after the volumes are
printed and before the final preparations for tracking are completed. PLOT DATA is not required for
a problem but can be used to verify the probica description. The actual printing of the plot or picture
can be suppressed by entering PLT = NO in the parameter data or picture data. This allows picture'

/ data to be kept in the problem data for reference purposes without actually printing the picture (s),
i Entering a value for PLT in the picture data will override any value entered in the parameter data.

However, if a problem is restarted, the value of PLT from the parameter data is used.

Enter PLM DATA in the form:

READ PLM PICTURE PARAMETERS END PLM

] PICTURE PARAMETERS are entered using keywords followed by the appropriate data. The plot
j p title and the plot character string must be contained within delimiters. As
" v many picture parameters as are necessary to describe the plot should be

outered. The para; - input for cach plot is terminated by an END.
Data for multiple plots are separated by the termmator LND.

,

i "ITL= delim prirl delim enter a one-character delimiter delim to signal the beginning of the title (132
characters maxamum). The title is termmated when delim is encountered the second time.
default = title of the KENO case

PIC wed The picture type, wrd, is followed by one or more blanks and must be one of the keywords
listed below. Initiahzed to MAT; default = value from previous plot.

>
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'MAT N,
MIX These keywords will cause the printer plot to
MIXT ( represent the mixtures of mixture numbers
MIXTURE in the specified geometry slice.
MEDI -

MEDIA
,

'

BOX-
BOXT 'Ihese keywords will cause the printer plot to

i BOXTYPE (represent the units or box types in the
UNT i specified geometry slice.

,

i UNIT
UNITTYPE ,'

-

. ,

IMP ),

BIAS '

BIASID j These keywords will cause the printer plot
WTS ito represent the Bias ID numbers used inj

I
t WEIG the specified geometry slice. ,i

! WEIGHTS
WGT

.
WGTS

A)
.

,:;
l Upper left coordinates enter the X, Y and Z coordinates of the upper left. hand corner of the plot.

Dean imust be eneered for d three coordinates umises d three values from.
,

'
the proviens plot are to be used.

( XUL- faam(l) enter the X coordmate of the upper left-hand corner of the plot.
default = valac from previous plot; initinh=1 to zero if any other coordinates are-

enteredr

YUL= faam(2) enter the Y coordinate of the upper left-hand corner of the plot.
default - value from previous plot; initiahzed to zero if any other coordinates are
entered

't ZUL= faam(3) enter the Z coordinate of the upper left-hand corner of the plot.
default = value from previous plot; initinh=f to zero if any other coordinates are
entered-

e

Lower right coordinates enter the X, Y, and Z coordinates of the lower right hand corner of the'

plot. Data must be seesrod for d three esordientes usines d three values.

from the previsas plot are to be used.
,

XLR= fnam(4) enter the X coordinate of the lower right-hand corner of the plot,
default = value from previous plot; initialized to zero if any other coordinates are ]
entered ~'

,

3 -- s '- *,, . , . . - --n.. , . . -e.
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1 ,

YLR- faam(5) enter the Y coordinate of the lower right-hand corner of the plot.
default - value from previous plot; initialized to zero if any other coordinates are

i entered

ZLR- faam(6) enter the Z coordinate of the lower right-hand corner of the plot.,

l. default - value from previous plot; initiale==l to zero if any other coordinates are
entered

,

f

Direction cosines across the page enter direction numbers proportaosal to the direction cosines for
the AX axis of the plot. The AX axis is from left to right
across the page. If any one of the AX direction cosines are
entered, the other two are set to zero. De direction cosines are
normah=ri by the code.'

a
UAX= faam(7) enter the X component of the direction cosines for the AX axis of the plot.

default - value from previous plot; initish==i to zero if any other direction cosines
are entered

VAX- faam(8) enter the Y component of the direction cosines for the AX axis of the plot.
default - value from previous plot; initish==i to zero if any other direction cosines

[.
are entered

,! , {l''

WAX = fasm(9) cater the Z cosiponent of the directica cosines for the AX axis of the plot.
default - value from previous plot; initialized to zero if any other direction cosines
are entered >

.

I Direction cosines down the page enter directaos numbers proportional to the direction cosines for
the DN axis of the plat. The DN axis is from top to bottom
down the page. If any one of the DN direction cosines are

i. r entered, the other two are set to zero. The direction cosises are

l normah==i by the code.

1
'

UDN- faam(10) enter the X component of the direction cosines for the DN axis of the plot.'

| default - value from previous plot; initialized to zero if any other direction cosines
t are entered

'

VDN- faam(ll) enter the Y component of the direction cosines for the DN axis of the plot.
default - value from previous plot; initiali==i to zero if any other direction cosines
are entered

.:

d WDN=fasm(12) enter the Z component of the direction connes for the DN axis of the plot.

] default - value front previous plot; initialized to zero if any other direction cosmos
P are entered
|
,

DLX= faam(lJ) honzontal spacing between points on the plot.e

default - value from previous plot; initishzed to zero if NAX or NDN is entered

. . .- _. , _ -
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DLD- fnam(14) vertical spacing between points on tM plot )
'

default = value from previous plot; initialized to zero if NAX or NDN is entered

NOTE: If either DLX or DLD is entered, the code will calculate the value of the other. If both are
entered, the plot may be distorted.

/~

NAX- lasm(15) number of intervals to be printed across the page.>

| default - value from premus plot; initinhaed to zero if DLX or DLD is entered
,

NDN- inom(16) number of intervals to be printed down the page.
default - value from premus plot; initial-ri to zero if DLX or DLD is entered

NOTE: If either NAX or NDN is entered, the will calcula'te the value of the other. If both,ar'e
entered, the plot may be distorted. If the coordinates of the lower right. hand corner have been
entered, only one item of (DLX, DLD, NAX, NDN) need be entered. If the coordinates have
not been entered, it is necessary to enter both NAX and NDN in addition to either DLX or>

i DLD. If the coordinates and NAX or NDN are entered, then DLX and/or DLD will be
recomputed.

LPl= laam/17) number of lines per inch that will be printed down a page,

default = 8;

NCH- delim CHAR delim enter a one. character dehmiter to signal the beginning of a character 3
string, CNAR. The character string is terminated when delim is

1 encountered the second time. CHAR is a character string with each
entry representing a media (mixture) number or uut number. These
are the characters that will be used in the plot. The first entry
represents media, unit or bias ID zero; the second entry represents.

the smallest media, unit or bias ID used in the problem; the third,;

the next larger media, unit or bias ID used in the problem; etc.4

|
.

The default values of CHAR are:

MEDIA 0 1 2 3 4 5 6 7 8 9 to il 12 13 14 l$
SYMBOL I 2 3 4 5 6 7 8 9 A B .' D E F

!

MEDIA 31 J2 33 34 35 36 37 J8 39 40 41 42 43 44 45 46
SYMBOL V W 'X Y Z d S ) ! A > ;. .

i

MEDIA 16 17 18 19 20 21 22 23 24 25 25 27 28 29 30
3YM80L 0 H I J K L M N C P Q R S T U,

l
' MEDIA 47 48 49 50 31 $2 33 54 53 56 57 $4
| SYMBOL % * *

. ! ( 6 < / 0.

|

*.

J
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|

|
|

; RUN- fnem(19) enter YES or NO. A value of YES means the problem will be executed if all the
'

data were acceptable.' A value of NO specifies the problem will be terminated
after data checking is completed. The default value of RUN is YES. The value
entered in the plot data will override the value entered in the parameter data,
Sect. Fil.4.3, unless the problem is being restarted.

PLT- fnem(20) enter YES or NO. A value of YES specifies that a plot is to be made. If plot data
are entered, PLT is defaulted to YES. If it is demrable to retain the plot data in
the problem desenpanon without asserating a plot, PLT-NO should be entered.
PLT = can also be entered la the parameter data. Sect. Fil.4.3, but will be over.
ridden by the value estored here unions the problem is being restarted.

.

F11.4.12 REFERENCE
|

1. N. M. Greene et aL, AMPX: A Modular Code System for Generating Coupled Multigroup:.
''

Neutron Gemme Lierceles from ENDF/8, ORNL/TM 3706 (March 1976). Also see
Sect. F2.3.8 of the SCALE manual.

2. 3. R. Knight sad L M. Petrie, 16 and 123 Group Weighting Functions for KENO,
ORNL/TM 4660 (1975). :,

1,
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'l

4

Tables summarizing KEFO-V Input data follow.
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Tabic Fil.4.7. Summary r4 parameter data
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asse. 294 blects ter d.e. east

ante = 709 leegth et 4.e. block

.

.
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Table FII A.8. Summary of array data
-

,

anat rosa.s. aSam asut essay pasametere data *TPe orteatetten date SuD AtaAT
s s.csses. til.s.s. eil.s.s .e4 ril.s.:

Sepeat the segnance &&kAT PASAuSTSSS DATA TYFS OSIENTATIost DATA for each errey used la the prehten.
-

M e H_tasauSTSas uva Tru
RSTuote DSFASLT SSFINITIOu p!LL

LOOD
' Aa&= l me. defaming the errey
'

3I55= 1 alo et matts &a E directies
WBT= 8 aso. et matte la V directies
IIGS. O Iso. et malts ta S 48sectica
GSL. masara The global, malverse er>

evesa!! array numberse+

Coas= nome della commeat delam.

( eptismal comment is a
,

i mestaus of 133 characters,

se Can he defaulted by the cois. If specified.
' .- St need be entered only ease per pseblem.

Ogiggf4Tigg_pete res FILL gE]ENT& TION DATA FOS LOOD
mator malt numbers to define every position to the array. Sater the matt number and eine numbers that define the
ashea esterlag date att!8 stag the opttens la this table, the caust peeltteatst of that matt. Sata for each of these tem entslos

I steld sad opties field must he adjacent with me Ambedded blaaks. ese repeated mati! every posities la the array has been dettaed.
* The operand field may be separated from the opt &oa field by one er Data for se arrey is termiseted by esterlag Sue LOOP. m
' more h8aaks. Fill date for se array ende utth BusD FILL. e=

""SIITSS DATA IN TIES F0aus
.*

CoutsT OFTIOgg Opaman DAT& .

FISLS FIELD FIELD ColueessTE BIRTRW ColutSIITS
i

j steses j at the current position ta the arrey LTypS The malt er boa type. LTYp3 mest he greater than 1.
1 3 3 stores j Sa the most 8 peettions la the array III Stesttag position $a the E directies. III must be at
& e j stessa j la the mest i positions la the array least 4 and no larger them the value entered for IBUE.
4 3 3 steses 'j Sa the seat 1 positions la the array IE3 Bedtag position la the E direction. II2 must be

y j f alls somelades of the array with malt Iso. j at least I and so larger than the value of MUE.
starttag ulth the current assay positica IuCE The number of matte by uttch tacrements are

A j sets the current posities la the essay to j made in the 1 directica.
t 8 tacsements current peett&oa to the array by & ITS The startlag poetttoa la the Y direction. ITS must be

allows sk8pptag & postttene. The value of 3 at least I and less than the value entered for stet.
may be posttive er negative. IV2 Sading poelttaa la the Y direction. IY3 must be'

8 0 3 sepeats the psev8ous j entries 8 times. The at least I and me larger them the value of leUT.
default value of & Se 1. ItbCT The aumhet of malts by which Sacrements are nada

8 m j repeats the previous 3 entr8es 4 times. Sa the positive T directtoa.
Savertlag the seguence each 48ae. The defealt IES Starting posittoa la the S 43rectica. ISI must be
value of a se 1. at least 4 and no larger then NOS.

A B j Stastlag utth the eatsy at -1 from the current la the positive T direct 8en.
posittoa, etese entries la taverse order until IS3 Sading posttlom Sa the 8 directtoa. 153 must be
positten -stejp to reached. Default value of 8=l. et least I and no Serger than asus.

4 & P j alternately stosos j and -j Sa the most i teeC5 The numhet of untts by which lacrements are made
- positless of the agrey. la the pos8tive 8 dasection,
d

8 I j k psovides t entries Itsearly interpolated
hetuosa j and k, and the sad potate 48.e. a
total of te2 potats.s j and k must be
separated by at least one bleak.

T tesalaates the data reading for the assay.

i
t
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Table Fil.4.9. Summary of biasing data

s

sia8 r., mas. .Saa suas b.Tuero corretessoa 4.t. .. sansert aus suas
suelghtingl See settless Ftt.4.7 and ytt.5.0

.

5Stuoes DSocaIPTIoss mATsoIAL ID SMSSGr $30W98 TNICEasSSS/1BCSEmSNT

ID= cama =8aften Data us11 be reed aest. concrete att 16, 27 123 5 cm

14 moterte! ID. Sator from table et r8ght. parettaa 444 16, 27 121 3 cm
to use wesehttag data trem the 18brary. water 500 16, 27 823. Ele 3 cm

Abga beg 8matag bles 3D graphite 6194 16, 27 123 as en
Seed ea4&ag b8as IS*

NT= AWEILE&at DAT& util be read aest.

IsTE = AWEILIAST BATA will be read meat.
wttatt notessel title
44 matettet ID.
asets meaber et sets et group structures

BSDSAT Tus!Isc. IsuutesC. 4069W7. Ort &VG 188378 TInSS F
.Atbbles th! chases per Sacrament

mumlas number et Sacrements g
agput number et energy groups ter tble set et wts

,

utovg enter aum8mco agput veless et stavg.

For C0steLATIcss DATA. the motor 8e1 ID Sa chases from motorla! 88 colume above like keyword As 3D 8.
For ABEILIAST D&TA, the meterial ID 1s chosea by the user and the beywerd is NT* or IsTS=.

Bogsmatag and endtag bles It's are detimed by the user. The goematry spec 8ticattom that has the
bles It equel to the bogiassag bles IB utslises the ut avg's tres the R&rst laterval et motorial 38.

ggy.

e

M

-

e
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Table Fil.4.10. Summary of boundary condition data

emDS For . aSAD emDS 8.ca cod. .lb.de aa sue suds
e.lb.d. cr S.. S.camen Fii.4.T
bo.ad.sv
coadattomen the sequence FACE CODS ALBSDO MANS Se estored as many times se necessary to deftse the appropriate

albedo boundary conditione. The default for all faces la vacuum.

FACS CODSS FOR SuTBSING SOUuDAST 4ALSSDot CouDITIou8

FACS FACS FACS FACS
: COes DEFlu! Tion CODS DSFlutTIOu CODS DEFIulTI0m CODS DSFluttsom
J

eBS= poettive I face IFC= both E Saces *TE= peelttve E and T faces 68T= positive i and 8 faces
SES= peelt8ve I face TFC= both T faces SET = pes &tive I and T faces -IT= negative I and T faces
-ES. megative I face SFC= hoth S faces STE= positive I and T faces -ES= angettve I and 8 faces
*Wa= positive T face *FC= all positive faces *ES= positive I and 8 faces -TE= negative T and 8 faces
STs= posttave T face 8FC= a!! positive faces eSE= positive I and 8 faces TEF= a!! E and T facesi

-Ts= negative T face -FC= ell negative faces SES= poestive I and B faces SEF= all E and 8 faces
+88= poeStlee 8 face ITF= all I and T faces SSE= posittve 1 and S faces STF= all T and 5 faces
488= posit 8ve 8 face ESF= a!! E and S faces *TE= peett8ve T and 8 faces -TE= sogative I and T faces

4
*

-88= negative 8 face TEF= all T and 8 faces *ST= positive T and S faces -85= negative I and 8 faces
i , ALL= all 6 faces *ET= poettava I and Y faces 43S= poettive T and S faces -ST= nogettve T and 8 faces

91
-
*

.. 6

ALBSDO stamSS AVAILASLS Om TuS SeesO V ALBSDO LItaaet. FOR DSS u!Tel TuS FACE CODES
'

.

f ALBSDO ALBSDO ALSBDO
maut DSScalPTION MANS DSSCRIPTIOes ALANS DSSCRIPT10el

!

[ Detm2O 12 Sach deoble PS water ComC-4 4 Sach concrete altforeattel VACUUN vacuum coadit&on
DFOu20 48tteroattal albedo with Cose4 albede with 4 Sacadent vota
De8 4 Sacident eagles C0 esc 4 angles TACs
DFO TAC

CoasC-8 8 lack concreto differeattel'

'
520 12 sach water differentsal Coas4 albede ulth 4 Sacadent SPSCULAS mirror anage reflection

| u&Tsa albedo w8th 4 Sacadent' COIAC S angles m33308

| angles IIIRR
'

SesC
PARAFFIIB 12 Sach parafina differea- C000C-12 82 Sach concrete 48tternattel SPS
PARA taat albede ulth 4 Sacident Coell2 albedo w4th 4 tacadent uia

| uAE angteo C0 esc 12 , angles
CA4eest 200 cm. carbon differeatte! Cosec-16 86 inch concrete differeatte! PSaIODIC periodic boundary conditton

i GaaputTS ethode with 4 tacadest angles C0esl6 albede utth 4 tacadent past

C CotBC16 eagles PBS
STesTLaess 12 8mch polyethylene CostC-2 e 24 lach concrete differeattel
POLT difformattet albedo with COes24 albedo ulth 4 tacadent
Cu2 4 tacadent angles CoasC24 angles

8

9

*%
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Table Fil.(II. Summary of geometry data

Gsoustav For ta asAs Geou .ac., g.o tri region data here sasD Gnom
nr.glea8 S s.ctless Fii.e.e. Fin.s.i.a. Fin.s.s .a4 Fis.s.I

G50stSTRT BBGIOu DATA coastste et SIMPLS GSomSTBT SEGIDu DATA and SETSuDSD GSomSTRT 3983018 DATA.

SMTBS GBostSTBW SSGIOGI DATA In THE FOLLONIIBG FOBus .-

0FTIOuAL GLOBAL SPSCIFICATION
Sut? e
GFTI0asAL GSONSTSV ComsseaIT

1 SIMPLE GsosseTSV BSGIOGB DATA
sad /or

SEtsasDSD Gk SSTSV SSSIORI DATA.,

e e e e o e e o e o e o e e o e o e e o e o e e o e o e

BuTSS SImPLs GaceseTSV 88G3001 DATA Im TIIS FOLL0estble FOSIsa

ELOSAL sater saly to specify thte matt as the global matt.
WesIT a
C0es*della comment della Th8s optieaal comment ces be up to 133 characters.

. * It must 8,egla and end w4th e delletter.
Igeon m8s no. Dias ID dameasless opt 8 east ortgla date (OSIGN coordtaatset opt 40ael chora data (CucaDI

'T3
seter as many geometry descr8ptica specstacettant as necessary to describe the malt and as many .-"ustts as necessary to descrlhe the system.

, .b
SIMPLS GSousTRY 38G*000 IMPUT DATA SSQUIBegeSaffS k

TTPS OF TYPE 1 TYPE 2 TTPS 3 TYPS e TYPE s TTPS 6
DATA DATA DATA DATA DATA DATA DATA

igeon spusSE ECTLIIIOSS TCTLINDSS CTLIIIDSS CUBS CWBOID'

IssastspuSSE ENSIIICTLeT TBSaeICTLeE SCTLIGADER

IssulSPuSSEeX EuSEIICTL-T TungsICTL-E SassasICTLe E

( usas!$PuSBS.E ENSIBICTLet Tusas!CTLet Sueu!CTL-I
-

MSasISputtsef ENSIBICTL-E TatsasICTL-s SusasICTL*T
| usutSpuSSE-T SIBSEBICTL.T

usesISPMBBBe 8
usu!5PMSBs.3

dimensloms S tradiums B em -u a eu -u R eu -u *E -I * E -E * T -Y + 8 -E

optional Sater the Bater the Sater the Sater the omit emit
artgla IT E coord. T S coord. I S coord. E V coord.
coord. of ortgla et center- et center- of center-

14ae 18ae Stae
i

optional sater the setor the Bater the sator the melt omit
chord 48st, to 44st, to 48st. to dist, to

datase plane plane plane plane
.

o* Chord data is not applicable for SPnLEa8 ECTLluDBA TCTLINDas CTLIIIDES or LOTLIuDSS

.

.
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Table Fil.4.12. Sesmmary of mixing tabic data

mantuees ... t. mens azar . . r .r. ... t.ma. amo mise
r as Ames as e.r - e anar.r?,us. .a. t..4 a

stre- a. sm. . t.. t.. t.a. m.a . .

se..ses....anamn.r?a. e.euc-.a.Sm. . t.,4.s..

as . esi.e.ie . ep.s.:

.

-

use ensamesess . .:.t. .: n.v . . ...=s.t.4 ..ne... .

Sm. . t.... se .. 4. .. a. ..

, ar ..

-

ESTuGSG BeFAGLT Ser!NITIOIB
'

scT- i m.. .: es.cr.t. ...tt. t...
8 4 4 ts. pas

98 95
34 93 3
3 8. DS r

sys. .64643 cr... cta ...g. c.t.ft v.1 . ,e
g4. .u .... .. . ...

_

m833 ass Thats Data c .&.t. 8 t o t . h.yo.se . 4 4st.s. ES f.t th. . Sat.s.
Th. h.ye.rd 1 515
Th. d. 8s.4 .t.t.s. .u.b.t f.II.e. th.
b.ye.sd.*,

436 .ac!84. ED*.
e36 h. e 4ty+.

ee th. go s. 434 436 4. t.p..t.4
8.s ch c184 4. th. 4.t.t..

-

SerSAT th. qu c. 0 3 b 43B'. 8 3 D * . 4 41
'

.31 th. . tat.s.. b.v. b d.. crib.4.

.

8

m -

4
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Table Fil.4.13. Summary of plot data

PLOT Fesmets Bees PLOT plot parametess But PLOT
p!st pesensters meet be entered for each plot that Se to be made. ~

See Sectless Fil.4.ll med F99.S.9

SStuces sepast? SerleITies BStuose Strast? aorteITIced
TTL= pret. entse ptatt do!4e & ese chosector S&E. pses. plot ac, - t et 44rectase costas ter the

title de14ettes esgaels the bestaatag and S 3F W&E On AE ests of the plot secreest
med of the title. M&E Se read
ptatt to the p!st 88tle. T&Ea ' paev. plot T compeeest et d&rectase costae ter the

DEC. me? Type et pictoses BIETWDS. SuSIT 50. 8 IF GAE OR AE ests of the plot sacroses
er st&& se 30. teaE 4e read

te&E= ps ew. plot S compeeest et etrectase costae ter the
utstuts ma? 8 IF S&E 08 AE este of the plet tecreess

BSE T&E 8e road
MIET WSS* psew. plot X campeeest et direct $ee coetae ter the
IBIET998 8 3F WSW 08 Bu este et the plot idemet
mees Weel $s reed
mesta vess= pses. plot T campeneet et 48secties costae for the

0 IF WOW OR Bus este of the plot edeces
umET ago. ------ SOE teem to read

acET asses. prov. plot S component et directtee cessee for the ats
3057T98 8 IF West OS Su este et the plot ideces [*

War? TBGB Se read g
Weest SLE. hostseatet spectag hetenee pelate se plot *

untTTTre SLS. vertice1 spectag botmees peamte se plot b
maB. es et Satervale te be patated acrees page

3148 la uo. --- 1ee asassa me. et inteswete to be pr$sted dove page,

st&S Lpt= 8 lines por Sach praeted deem the page
SEASIB IBCE. CBSS** dette CBBS Jelas e ese chorector,

arts do!8atter eigeels the begimelag and and
eseIG et the cherectos etsta6
IsSIGIITS SWW- TBS 188 elleus the prehlem to esecute *

esGT alG tasalmetee prehten after data checking
uGTS PLT = TSS TSS ellees the plettet to be made

-

But= prov. plot X coese. et apper left seraes et plot ano ellees roadsag the plot date witbest
TBE. prov. plot Y'casse. et apper left cornes et plot mettag a plot.;

Set. prov. past a caese. et apper left corner et plot
i ELa. psew. plot X cease. et laser raght cesser et plot

sta. psee. plot T caerd. et levar right corner of p!st
sta. oses. elet S coord. et lower eacht cosmer of slet
PLOT ceIGIns coasteelt watees of Cues ese gtwee below.

ett StanGLS unstT.catacides esth esagte et geemetry ame!& S S 2 3 4 S & f 4 9 18 St 92 83 le 15 16 17 10 IS 24 21 22
descriptsee. CIBBS 9 23456789 A B C D E F G B 1 J E & N

828 maas Ameat-et the meet megettve pelat of the ersef, MEDIA 23 24 25 26 27 20 29 38 31 32 33 34 35 36 37 34 39 48 41 42
slower left-head hech cesser et the glehen erseys. Cass as O P g a S T 5 T W X Y S e. 8 - + 8 e

438 Dartectee Asaar. cetacades esth the ersgla et the aIS984 43 44 45 46 47 48 49 Se St S3 S3 54 SS 56 57 Se
C008 or & Beat descr8p toe et the elehel errey. Clae8 4 > e s - 3 e * . 3 e a < / 0

.

m

Q & I
t
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Tabic Fil.4.14. Summary of starting data

Staa? For et. mens Staaf ester stant 4.t. mese ame Staaf
*Ts. 4.f.ent e.ne. .f St.st * Tee se s re.

See Sectase Fil.G.Ss

.

Staat SASusses cettemat Staatsas STast meestees ceflemat Staatsas
TTPS NTA MTR SISTSIDWTION TTPS NT4 MT& SIStatesTION E554038 Bera5&T SertuIT30st

-

4 meme EST easiese 3 MST SFS epthe WST= 0 start type
ESS TFE PSP TFEe *9 I seer 44aate.

ESP TFT TFT= 8.8 Y coordtaste
TSS TFS TFS= 8.8 8 coordteata
VSr mas 185 8 * G E tedes of satt pas.
SSE IsTS NTG= 8 Y Sodes of east pee.
SSF IBSS 388* 4 S Sedes of malt pee. T
DFL EPS* f4ee8en spect a .~
989 0 nGT E98 meltiple LaIG. O member of last mentree ,a

*

TFE PSP apakes NSE. S searce matt number im
TFT PCT * O fracties **

1 IIST ESS costaa TFS E885= -5 -E et meerce cobe&d
ESP M85 189= *E *E of searce cube &d
TSE Tama -T -Y of eeurce embete
WSP 389= et *T et meerce cabeid ",SSa S asst PSS Sa specified SSe= 5 =8 et source cubate
SSP 188 5 eelte ssp. es et of searce catete
SFL e BFL* Me etert la reflector
989 6 WST BBS eshattery PS6 We pclat start 6 Sapet

TFE WVS pelste psp = Ist pcast starttag pelate
3 seST Esas costae esth TFT BSS

388 8 . ESP fractica la TFS EFS
NTS TSE apecitted LMWe PS6
IBSS VS9 ealt DSP
PCT SSE

SSR
SFL

, PSP

: .t .e.t m. ==. 3.se .at:T f.s ..cm s.t .f
stest 6 data. The LasIB et each soccesstvo
set of data meet be losger than the Isot.

-

e-

e

n
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Fil.5 NOTES FOR KENO V USERS

This section provides assorted tips primarily designed to assist the KENO V user with problem
mock ups. Some information concerning methods utilized by KENO V is also included.

Fil.5.1 DATA ENTRY

l The KENO V data input is estored la blocks that begin and end with keywords as described in
Sect. Fil.4.1. Only one set of parameter data e-' be entered for a problem. However, for other data
blocks, it is possible to enter more than one block of the same kind of data. When this is done, only thei

last block of that kind of data is retained for use by the problem.
t

'

Within data blocks, a number, x, can be repeated a times by specifying nRx, n*x, or nSx..

'

Fl1.5.l.l Multiple and Scattered Entnes in the Mixing Table
.

In the following examples, assume 1001 is the nuclide ID for hydrogen,8016 is the nuclide ID for
; oxygen,92235 is the nuclide ID for mU, and 92238 is the nuclide ID for SU. If a given nuclide ID is

used more than once in the same mixture, the result is the summing of all the number densities associ-
'

ated with that nuclide. For example:
c

MIX-l 92235 4.3-2 92238 2.6-3 1001 3.7 2 92235 1.1 3 8016 1.8 2
1
" would be the same as entering:
; f

m.

MIX-I 92235 4.412 92238 2.6-3 1001 3.7-2 8016 1.8-2
.s.

A belated entry for a mixture can be made as follows:

1 MIX-l 10016.6 2 MIX-2 92235 4.3 2 92238 2.6 3 MIX =18016 3.3 2
l ,

3 This is the same as entering:

}
| MIX-1 10016.6-2 8016 3.3-2 ' MIX-2 92235 4.3 2 92238 2.6 3

.

F1I.$.l.2 Multiple Entries in Geometry Data
/

Individual geometry regions cannot be replaced by adding cs! alditional description. However,
'

entire unit or box type descriptions can be replaced by adding a new description having the same unit
number. The last description entered for a unit is used in the calculation. For example:

>

READ GEOM UNIT I SPHERE I I 3.0 CURE 01 IA0 -1A0
UNIT 2 CYLINDER I I 2.0 3.0 S.0 CURE 01 IA0 -1A01

L UNIT 1 CUBotD I i 1.0 1.5 2.3 2.0 5.0 A 0 C U R E 0 1 16.0 IA 0 g

END GEOM j'
,.

't
'

| is the same as entering: |.

!
'

.

'
F11.5.1-

'

(

-,_ _ ._
,

, .,
.
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Fi1.5.2

READ GEOM UNIT I CUBOID I i 1.0-1.52.5-2.05.0-6.0 )
CUBE OI 10.0 10.0
UNIT 2 CYLINDER I I 2.0 5.0 -5.0 CUBE OI 10.0 -10.0 END GEOM

or:

READ GEOM UNIT 2 CYLINDER I I 2.0 5.0 -$.0 CUBE 0110.0 -10.0
UNIT I CUBOID 111.0 -1.5 2.5 -2.0 5.0 -6.0 CUBE 0110.0 -10.0
END GEOM

i

The order of entry for unit or box type descriptions is not important because the unit number is
assigned as the value following the word UNIT. They need not be entered sequentially nor be num-
bered sequentially. It is perfectly acceptable to input Units 2,3, and 5, omitting Units I and 4 as long
as Units I and 4 are not referenced in the problem. It is also acceptable to scramble the order of entry
as in entering Units 3,2, and 5.

F11.5.2 DEFAULT LOGICAL' UNIT NUMBERS FOR KENO V

The logical unit numbers for data utilized by KENO V are listed in Table F11.5.1.

!, Table Fil.5.1. KENO V logical unit numbers
|j h
| Parameter Unit Variable
'

Function Name No. Name

Card input Data 5 INPT
Program Output 6 OUTPT
Albedo Data ALB- 79 ALBDO. ,

' Scratch Unit SKT- 16 SKRT
i Read Restart Data RST= 0' RSTRT

34' RSTRT
Write Restart Data WRS - 0* WSTRT

35' WSTRT
Direct Access Storage for input Data 8 DIRECT (1)
Direct Access Storage for Supergrouped Data 9 DIRECT (2)
Direct Access Storage fo'r Cross Section Mixing 10 DIRECT (3)

dMixed Cross Section Data Set XSC - 14 ICEXS
Group. Dependent Weights WTS- 80 WTS' *

} AMPX Working Format Cross Sections LIB = 0* AMPXS
, *

* defaulted to zero
* defaulted to 34 If BEO a number greater than I and RSTRT-0
' defaulted to 35 If RES- a number greater than zero and WSTRT-0
# defaulted to 0; if LIB- a number greater than zero, ICEXS is defaulted to 14

t

| .! . .. . -
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Fil.5J PARAMETER INPUT

When the parameter data block is input for a problem, the same keyword may be entered several
times. The last value that is entered is used in the problem. Data may be entered as follows:

c

READ PARAM FLX=YES NGP=1000 TME=R$ TME-1.0
NPG=Se TME=10.0 FLX=NO
NPG 500
END PARA'

This will result in the problem having FLX=NO, TME=10.0, and NPG=500. It may be more conven.
ient for the user to insert a new value than to change the existing data.

.

Certain parameter default values should not be overridden unless the user has a very good reason to
do so. These parameters are (1) X1D= which defines the number of extra 1 D cross sections. He use

1 of extra 1 D cross sections - other than the use of the fission cross section for calculating the average
t number of neutrons per fission - requires programming changes to the code; (2) NFB which defines

the number of neutrons that can be entered in the fission bank; (3) XFB= which defines the number of

{ extra positions in the fission bank (the fission bank is where the information related to a fission is
_

stored); (4) NBK which defines the number of neutrons that can be entered in the neutron bank;(5)
! XNB. which defines the number of extra positions in the neutron bank (the neutron bank contains
' information about each history); (6) WTH= which defines the factor that determines when Russian

roulette is played; (7) WTA= which defines the default average weight given to a neutron that survives
i Russian roulette; (8) WTL which defines the weight at which Russian roulette is played; and (9)

O '"o- 6i 6 i ia - '- - d ar ia 0 a 6i i ta 0 . it i -- d d <* i
BUG =, the flag for printing debug information, never be set to YES. The user would have to look at

; the FORTRAN coding to determine what information is printed. BUG =YES prints massive amounts
of sparsely labeled information. The user should only rarely consider using TRK-YES. His generates

,

j thousands of lines of well-labeled print that provides information about each history at key locations -

during the tracking procedure. All other parameters can be changed at will to provide features the user
- wishes to activate.

I
1 F11.5.4 CROSS SECTIONS
i

!* KENO V always uses cross sections from a mixed cross section data file. The format of this file is
j the Monte Carlo processed cross-section file from ICE.II or ICE.S (Sect. F8). A mixed cross section

: file can be created by (1) executing ICE, or (2) by using an AMPX working format library and enter-
; ing mixing table data in KENO V.

4

H Fll.5.4.1 Use a Premixed Cross-Section Data File

A premixed croso.section data file from ICE or a previous KENO V case may be used. His file
should be specified in the job control language on the unit number associated with the parannter

; XSC=. When a mixing table data block is entered, the premixed cross-section data file will be rewrit-
; ten. Therefore, a mixing table should not be entered if a premixed cross-section data file is used. The
i user should verify that the mixtures created by ICE or the previous KENO V case are consistent with

-

those used in the geometry data of the problem.

L

I

'
,

_
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; F11.$.4.2 Use an AMPX Working Library b
'

When an AMPX working library is used, a file definition card must be used in the job control lan-
guage to specify the AMPX working library on the unit associated with the parameter LIB . If the

I mixed cross-section data file is to be saved, a file definition card must be used in the job control lan-
guage to specify the mixed cross-section File on the unit associated with the parameter XSC=.

Mixing table data must always be entered when an AMPX working library is used. ID's used in the
- mixing table must match the ID's on the AMPX working library.

F11.5.4.3 Number ofScattering Angles
(

The number of scattering angles is defaulted to one. This default is not adequate for many applica-
tions. The user should specify the scattering angle to be consistent with the cross sections being used.
The number of scattering angles is entered in the cross-section mixing table by using the keyword

'

SCT=. See Sect. Fi1.4.10.

The order of the last Igndre coefficient to be v., .M in the scattering distribution is equal to'

(2xSCT 1). SCT-1 could be used with a P cross-section set such as the 16 group Hansen Roach
cross-section library, and SCT=2, for a P cross-section set such as the SCALE 27-group cross-section3

library. Isotropic scattering is achieved by entering SCT-0.
i

F11.5.4.4 Cross-Section Message Cutoff
,D,

'Ilic cross-section message cutoff value, p6xs, is defaulted to 3x10-5 Warning messages that are3

: generated when errors are encountered in the Fr. expansion of the group-to-group transfers will be
suppressed if the Po cross section for that particular energy transfer is less than p6xs. The value of
p6xs is specified in the cross-section mixing table by using the keyword EPS=. See Sect. Fil.4.10.

3

; The default value of p6xs is sufficient to assure that warning messages will not be printed for most
of the SCALE P and P cross section libranes. However, the 123 GROUPGMTH library requires a( i 3

value of p6xs as large as lx10-8 if P cross sections are specified.3,

v
'

If the default value of p6xs allows too many wiirning messages to be printed, a value can be deter-
mined from the printed messages by choosing a number larger than the Po component on the first line>

as shown below.

I.
1 THE LEGENDRE EXPANSION OF THE CROSS SECTION (PO-PN) IS

(Po) (P ) (P ) (P.)i .

; THE MOMENTS CORRESPONDING TO THIS DISTRIBUTION ARE

] (M )i_ (M:) (M.).-

j THE MOMENTS CORRESPONDING TO THE GENEP,ATED DISTRIBUTION ARE

P (M ) (M:) (M.)i ...

THE LEGENDRE EXPANSION CORRESPONDING TO THESE MOMENTS IS

(Po) (P ) (P ) (P.)2 .
,

MOMENTS WERE ACCEPTEDp

I
!

,
_ ... . _.
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.

For the following messages, EPS=7.5-4 would cause all three messages to be suppressed. A vrjue
less than 7.295643-4 and greater than 5.662553-4 would suppress the last two messages, and a value
less than 5.662553-4 and greater than 4.398203-4 would suppress only the last message.

.

K3 40 THE AMGURAR SCATTMDe0 DWTRIMJTION FOR MEXTURE 2 HA2 BAD h00 MENT 5 FOR Tile TRAM PROM OROUP 4 TO GROUP 53
2 wtaannets wgng ACCNTW

THE LEGENDRE EXPANSION OF THE CRom MCTION (PW98) 2
T.239693644 Atha **da m .idalesses .153Ones46 *

THE M000 ENTE CrteammeONDIlso TO TIM DETRIMJTIC88 ARE
a smaam 9.38N0645 9.93am**hm

TM MOMENT 5 Nee'800000s0 TO195 MTW DWTRIMffl0M ARE
a sammannm 9.Se000eD4B 9.?!3?tS46

TIE LEDWIDRS EXPADWON COERN TO TIM 90000pff5 5
.

T.39ee3544 470 steed 48 1548800D46 7.05700D45 ''

KS40 7985 AMOURAR SCATTWI9s0 DWTRIMITIOpt POR RENTURE 2 MAR BAD M000ENTs FOR THE N PR0te (BOUP 4 TO OROUP $4
2 90000ENT5 WERE ACCWTMB

I THE L3098DRE EXPANWON OF THE CROel BCTION (PHN) 5 ,

186255364e t imaassa m .LM1en&46 .l.916070546
THE necedENT5 maamm0MDele0 TO TIEW DWTRIBUTION AAE

LeeM90Det f.elS47D43 .l.087000Eb41
l THg winamnff5 CORAN TO THE GEMMATWB DWTRIMJTION ARE
e LeeM90Det 7.43Se?D43 LTM30eDes

THE L30ENDRE EXPAlmott 03RRm TO TIM winamnf75 Is
1e62353546 t1manSanm .1767630thes .4039374E348

K340 THE ANGULAR SCATTERD80 DWTRIEUTION FOR MIXTURE 2 MAS rA0 WOtespff5 POR THE TRANEPW PROM OROUP 4 TO 0R007 ',3

2 h00 MENT 5 WERE ACCEPTED
THE La0ENDRE EXPANSION OF THE CROM SECTION (FH7415

439em3548 1261455549 118084tE44 .I.343872548
fnB MOMENrs ===mONDn O 10 Tus DetrRImm0N ARE

5.idessetb42 LesseseD43 .l.eMOBSDet
TnS MOMENT 5 CORREs0NDne0 TO THE OWERATED DeETRimm0N AAE

S.tdesseDat itseeselbes 44681511>44
THE LBOWsDRE EXPANWON NaamO8sene0 TO TM beOteENT5 W,

(3eemes4. tmMemes .timMiDes .t-a==m.

Dd The user need not attempt to suppress all the K5-60 messages. They are printed to inform the user
of the fact that the moments of the angular distribution are not moments of a valid probability distribu-
tion. The fourth and fifth lines of the message list the original P components and their moments. The
sixth and seventh lines list the new corrected moments and their corresponding P, components.

For most criticality problems, the first moment contributions are much more significant than the,

j contributions of the higher order mosnents. Thus, the higher order monwats may not affect the results
j significantly. The user can look at the original moments and corrected moments and make a judgment

as to the significance of the change in the moments.

F11.5.5 MIXING TABLE

Mixtures can be utihand in defining other mixtures. When dorming mixture numbers, care should
. .

be taken to avoid using a mixture number that is identical to a nuclide ID number if the mixture is to
be used in defining another mixture. If a mixture number is defined more than once, it results in a.

summing effect.

The nuclide mixing loop is done before the mixture mixing loop which mixes in the order of data
entry. Thus, the order of mixing mixtures into other mixtures is important because a mixture must be'

defined before it is used in another mixture. Some examples of correct and incorrect mixing are shown
below, using 1001 as the nuclide ID for hydrogen,8016 as the nuclide ID for oxygen,92235 as the
nuclids ID for mU, and 92238 as the nuclide ID for 2seU.

.

m)v
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L
EXAMPLES OF CORRECT USAGE ,

)

(1) READ MIXT MIX-1 1001 6.6-2 8016 3.3-2 MIX-210.5 END MIXT

This results in mixture I being full density water and mixture 2 being half density water.
I

(2) READ MIXT MIX-1 2 0.5 MIX-3 1 0.5 MIX-2 1001 6.6-2 8016 3.3-2 END MIXT

This results in mixture I being half density water, mixture 2 being full density water, and mixture 3
being quarter density water. Because the auchde mixing loop is done first, mixture 2 is created first
and is available to create mixture 1, which is then available to create mixture 3.

b (3) READ MIXT MIX-1 10016.6-2 8016 3.3-7 MIX-2 92235 7.5-4 92238 2.3-2 8016
4.6-2 1.01 ENRMIXT

.

5

This results in mixture I being full density water and mixture 2 being ursrium oxide containing 0.01
'

|
density water.

(4) READ MIXT MIX-1 1001 6.6-2 8016 3.3-2 MIX-2 92235 4.4-2 92238 2.6-3 MIX-1
10.5 END MIXT

,

This results in mixture I being water at 1.5 density (10019.9-2 and 8016 4.95-2) and mixture 2 is'

highly enriched uranium rnetal.

>

'

EXAMPLES OF INCORRECT USAGE
1 ?)

,

j (1) READ MIXT MIX-3 1 0.75 MIX-1 2 0.5 MIX-2 1001 6.6-2 8016 3.3-2 END MIXT,

u
h Here the intent is for mixture 2 to be full density water, mixture I to be half density water, and mix-

ture 3 to be 3/8 (0.75 x 0.5) density water. Instead, the result for mixture 3 is a void, mixture 1 is* V

half dusity water, and mixture 2 is full density water. This is because the nuclide mixing loop is done
j first, thus defining mixture 2. The mixture mixing loop is donc next. Mixture 3 is defined to be mix-
J ture 1 multiplied by 0.75, but since mixture I has not been defined. 0.75 of zero is zero. Mixture 1 is
1 then defined to be mixture 2 multiplied by 0.5. If the definition of mixture 1 preceded the definition of
L mixture 3, as in (2) rader exampics of correct usage, it would work correctly.

(2) READ MIXT MIX-1 10016.6-2 8016 3.3-2 MIX-1001 92235 4.4-2 92238 2.6-3 MIX-2
1001 0.5 END MIXTt

|-
l.
! This results in mixture i being full density water, mixture.1001 being uranium metal and mixture 2

being hydrogen with a number density of 0.5 because 1001 is the nuclide ID number for hydrogen.
( When a mixture number is identical to a nuclide ID and is used in mixing, that number is assumed to

be a nuchde ID rather than a mixture number. The intent was for mixture I to be full density water,
3

j '

mixture 1001 to be uranium metal, and mixture 2 to be half density uranium metal

F11.5.6 GEOMETRY ,

) In general, KENO V geometry descriptions consist of (1) geometry data (Sec+ Fil.4.4) defining the
geometrical shapes present in the problem, and (2) array datz (Sect. F11.4.S) defining the placement of
the units that were defined in the geometry data. The gmmetry data block is prefaced by READ
GEOM and the array data ctock is prefaced by READ ARRAY ],

3,e
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l
! When a three-dimensional geometrical configuration is described as KENO V geometry data, it may

be necessary to describe portions of the connguration individually. These individual partial descriptions
of the configuration are called units. KENO V geometry modeling is subject to the following
restrictions:

(1) Each geometry regen in a unit must completely enclose all geometry regmas which precede it.
Boundaries of the surfaces of the regens may be shared or tangent, but they must not intersect.

(2) All geometrical surfaces must be describabic as spheres, !==iepheres, cylinders, hem *,j!iaders,
cubes, or cuboids.

.

i

l i

| (3) When one or more units are utihzed to describe an array, each unit used in the array must have
L a cube or cuboid as its outer region.

|<

(4) When several units are utilized to describe an array, the adjacent faces of units in contact with
each other must be the same size and shape.

(5) As many holes as will snugly fit without intersecting can be placed in a region. Holes cannot
intersect each other or any of the regions within the unit they are placed in. Holes are described
in more detail in Sect. Fil.5.6.1.

(6) Complicated systems may require multiple arrays to describe the system. Arrays may be placed
in units. These units may be used to create other arrays or may be placed in other units by
using holes. Multiple arrays are described in more detail in Sect. Fil.5.6.2.

The geometry package allows any applicabic shape to be encioned by any other apphcable shape,
subject only to the complete enclosure restrictiim. De implication of this type of description is that the
entire volume between two sequential geometrical surfaces contains only one mixture unless holes are
present. Derefore, the entire volume within the surface, denned by the first geometry card in a unit,
contains the mixture that is specified on that card. The volunn between the surfaces, defined by two

| consecutive geometry cards, contains the mixture that is specified on the second card. A void is speci-
* fled by a mixture ID of zero. If holes are prueat in the volume betwoon two surfaces, the volume of

that region is reduced by the hole volume (s).

If the problem requires several units to describe its geometrical characteristics, each unit that is used
in an array must have as its outer surface a rectangular parallelepiped. Thus, it may be necessary to
define a void region that is used to achieve the desired spacing. In order to describe the composite over-
all geometrical charactenstics of the problem, these units may be arranged in a rectangular array by
specifying the number of units in the x, y, and z directions. If more than one unit is involved, data
must be entered to define the number assigned to the array and the $~=-at of the individual units in

,

[ the array. The array number, the number of units in the x, y, and z directions, and the placement data
are called array data (Sect. F11.4.5).

Surrounding regions of any shape may be placed around an array and may consist of any number of
regions in any order, subject to the complete a=cla==re restriction. All of the surroundmg regions must
be described about a point of origin; consequently, the location of this origin is defined by the ARRAY
Pl.ACEMENT description. The surroundmg regions are then described relative to this origin.

In addition to array problems, the geometry package allows single unit problems (i.e., problems that ;

do not contain array data). De last geometncal regma in a single unit problem need not be a cube or''-

cuboid. Boundary conditions can be apphed to a single unit problem only if the outer region is a rec--

tangular parallelopiped. Matrix inforetation can be calculated only if the corresponding geometry
i

+

-

, r.y- ~ f y 7. -y



. _. _. . .

' '
'c , .

'
4 i

1

|F11.5.8
'

I

( description is utilized in the problem. For example, matrix by hole number requires the utilization of 3

|
holes, matrix by array position requires an array, etc. J

| To create a geometry mock-up from a physical configuration, the user should exercise a degree of
ingenuity and keep in mind the restrictmos mentioned earlier. It is important to reahze there may bc )

; several ways of correctly describing the same physical configuration. Careful analysis of the system can
| pay off in terms of a simpler mock-up and shorter computer running time. A mock-up with fewer
| geometry regions may run faster than the same mock-up with extraneous regens. The number of units
'

or box types used can affect the runn ng time, because a transformation of coordmates must be made
'

every time a history moves from one unit into another. Thus, if the size of a unit is sma!!, re!ative to
the mean free path, a larger percentage of time is spent processag the transformation of coordinates.

CORE or ARRAY: The m ,.ky word CORE was used in KENO IV and earlier versmos of KENOa

[ V to create a rectangular paralleicpiped that snugly fit the exterior of the array. The purpose of this
E region was to define the location of the array relative to the geometry regions external to the CORE.

KENO IV and early versions of KENO V allowed only one array in a problem.

KENO'V.a allows multiple arrays within a problem, so the geometry word CORE is 'used to specify
the array number of the array, in addition to encasing it in a snug fitting rectangular parallelepiped.
The data that must be entered are the geometry word (CORE), the array number, the biu ID, and the *

x, y, and z coordinates of the most negative point in the array. The geometry word ARRAY was added
to allow specifing the array number and encasing the specified array in a snug fitting rectangular paral-
telepiped without having to specify the bias ID. The data that must be entered are the geometry word
(ARRAY), the array number, and the x, y, and z coordinates of the most negative point in the array.
The authors feel that the geometry word ARRAY is more desenptive of t!.e function performed, but
the geometry word CORE has been retained to allow executing problems that were run on cariier ver- A
sions of KENO V. ~U

l
REFLECTOR or REPLICATE: The geometry word REFLECTOR was used in KENO IV to generate
cuboidal regions external to the array. If a snug fitting rectangular par-l'='i-i--J (CORE) was not-

entered in the problem, it was generated by the code. KENO V retamed the ~ hy word REFLEC.
TOR but with a different function. It does not generate a snug fitting rectangular parallelepiped

j (CORE) for an array, and it is not limited to generating cuboidal regions. Instead, it generates regions
! having the shape of the wy region preceding the liEFLECTOR description. The geometry word
'

REPLICATE is used in KENO V.a as a synonym for REFLECTOR. The data is identical for both
geometry words and their function is identical Because these geometry words produce regions having
the shape of the previous regions, REPLICATE may be considered to be more representative of the ;

'

actual situation.
u

j Geometry dimrarionr: The geometry dunensions utilized in KENO have traditionally required an entry
for erch required dimension. For example, a 20x20x2.5-cm rectangular parallelepiped would have been
described as: CUBOID 1 1 10.0 -10.0 10.0 -10.0 1.25 -1.25. By using the P option (see Table
Fil.4.2), the same rectangular parallelepiped could be described as: CUBOID -1 1 4P10.0 2Pl.25.

j The P opuon simply adds the dunension following the P, the number of times stated before the P and

j reverses the sign every other time. 6P8.0 is equivalent to 8.0 -8.0 8.0 -8.0 8.0 -8.0.

; Geometry Commenar A comment can be entered for each unit in the why region data. Simdarly,
a comment can be entered for each array in the array definition data. A comment can be entered using

h the keyword COM . This is followed by a comment whose maxmum length is 132 characters. The
comment must be preceded by and be terminated by a delimiter character, which is the first non-blank'

character encountered after the COM . One comment is allowed for each unit in the geometry region
data. If multiple comments are entered for a unit, the last one is used. The comrient can be entered he
anywhere after the UNIT NUMBER DESCRIPTION where a keyword is expected (Sect. Fil.4.4).
See the following example.

. . _ _
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READ GEOM
'

UNITI
COM=* SPHERICAL METAL UNIT *
SPHERE I i 5.0
CUBE 012PS.0
UNIT 2
CYLINDER I i 5.0 2PS.0
CUBE 012PS.0
COM=|CYUNDRICAL METAL UNIT /
UNIT 3
HEMISPHE+X 113.0
COM=' HEMISPHERIC 4L METAL UNir
CUBE 012PS.0
UNIT 4
COM * ARMY OF SPHERICAL UNITS'
ARM Y ! 3*0.0

| UNIT $
COM * ARMY OF CYUNDRICAL UNITS''

[ ARMY 2 34.0
' UNIT 6

COM=' ARM Y OF HEMISPHERICAL UNITS'
ARMY 3 3*0.0
END GEOM

l One comment is allowed for each array in the ARRAY DEFINITION DATA. The rules govermng
"

these comments are the same as those listed above. However, the comment for an array must precome
..

- the UNIT ORIENTATION DESCRIPTION. It can precede the array number (Sect. Fil.4.5).
Examples of correct array comm nts are given below.

1

READ ARMY
COM=' ARM OFSPHERICAL METAL UNITS',

J AM-1 NUX=2 NUY-2 NUZ-2 FILL FI END FILL
1 AM =2 COM=' ARMY OF CYUNDRICAL METAL UNITS'

NUX-2 NUY-2 NUZ-2 FILL F2 END FILL
AM-3 NUX=2 NUY-2 NUZ-2
COM=' ARMY OF HEMISPHERICAL METAL UNITS'
FILL F3 END FILL

.

AM 4 COM='COMPCSITE ARM OF ARMYS. Z-1 IS SPHERES, Z-2 IS CYUNDERS,
1 Z-3 IS HEMISPHERES * A

u NUX I NUY=1 NUZ-3 FILL 4 5 6 END FILL

Some of the basics of KENO V geometry are illustrated in the following examples:'

h
', EXAMPLE 1. Assume a stack of six cylindrical disks, each'3 cm in radius'and 2 cm thick. The

bottom disk is composed of material 1, and the next disk is composed of material 2, etc., altrmately
throughout the stack. A square plate of material 3,20 cm on a side and 2.5 cm thick, is centered on
top of the stack. This configuration is shown in Fig. Fil.5.1.

,
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Fig. Fil.5.1. Stack of disks with a square cap

This problem can be described as a single unit problem, by describing the cylindrical portion first.
In this instance, the origin has been chosen at the center bottom of the bottom disk. The bottom disk is
defined by the first cylinder description; the next disk is defined by the difference between the first and
second cylinder descriptions. That is, since they both have a radius of 5.0 and a -z length of 0.0, the A;

1 first cylinder containing material I exists from z=0.0 to z-2.0 and the second cylinder, containing LD
material 2, exists from z=2.0 to z-4.0. When all the disks have been described, a void cuboid having'

the same x and y dimensions as the square plate and the same z dimensions as the stack of disks is
defined. The square plate of material 3 is then defined on top of the stack. Omission of the first
cuboid description would result in the stack of disks being encased in a solid cuboid of material 3,
instead of having a flat plate on top of the stack. The geometry input is shown below.

Data description 1. Example 1.

READ GEOM
GUNDER 1 1 3.02.0 0.0
GUNDER 2 1 3.04.0 0.0
GUNDER I 1 5.0 6.0 A0

' GUNDER 2 1 5.0 LO 0.0
GLINDER I 1 5.0 10.0 A0

L GUNDER 2 1 5.0 12.0 0.0
p CUBOID 0110.0 -IA0 !al.0 -IA012.0 A0 (
|; Cf1BOID 3110.0 -10.010.0 -10.014.5 A0
h

An alternate description of the same example is given below. The origin has been chosen at the cen-
ter of the disk of material 1. nearest the center of the stack. This disk of material 1 is defined by the
first cylinder description, and the disks of material 2 on either side of it are defined by the second cylin-
der description. The top and bottom disks of material I are defined by the third cylinder, and the top
disk of material 2 is defined by the last cylinder. The square plate is defined by the two cuboids.r. 3

Data description 2, Example 1.

.

_ . _ . . . . _. _ , - . . .,.,.
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READ GEOM
CYLINDER I 1 3.0 1.0-1.0
CYLINDER 21 5.0 3.0 -3.0
CYLINDER I 1 5.G 3.0 -$.0
CYLINDER 21 3.0 7.0 -3.0
CUBOID 01 10.0 -10.010.0 -IA0 7.0 -5.0
CUBOLD 3110.0 -10.01A0 -10.0 9.5 -$.0

Example I can also be described as a bare array. Define three different unit types. Unit I will
define a disk of material 1, Unit 2 'will define a disk of material 2, and Unit 3 will define the square'!

plate of material 3. The origin of each unit is defined at the center bottom of.the disk or plate being i

described. The geometry input for this arrangement is shown below. ' |

Data description 3, Example 1.'

READ GEOM
UNIT 1
CYLINDER I I 5.0 2.0 0.0 ,

CUBOID 0110.0-10.010.0-10.02.00.0
UNIT 2
CYLINDER 215.0 2.0 0.0
CUBOID 0110.0 -IA010.0 -10.0 2.0 0.0 \

UNIT 3
l CUBOID 311A0 -10.01A0 -1A0 2.5 0.0

END GEOM
READ ARRAY NUX-1 NUY-1 NUZ.7 FILL 121212 3 END ARRAY

If the user wishes the origin of each unit to be at its center, the geometry region data can be input
as shown below. 'Ihe array data would be identical to that of data description 3, Example 1.

,

Data description 4, Example 1.

READ GEOM
UNITI
CYLINDER I I S.0 1.0 -1.0,

CUBOID 0110.0 -10.0 IA0 -10.0 L0 -1.0
%' UNIT 2

*,
CYLINDER 213.0 1.0 -L0
CUBOLD 01 IA0 -IA01A0 -ILO LO -L0

: UNIT 3
: CUBOID 31 IA0 -IA01A0 -IA0 L25 -L25
} END GEOM
:

. Be aware that each unit in a geometry description can have its origin defined independent of the
other units. It would be correct to use Units 1 and 3 from data descriptions 3, and Unit 2 from data
description 4. The array data would remain the nme as data description 3, Example 1. The user
should define the origin of each unit to be a convenient as possible for the chosen description. s

--

..._ - _,

--
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Another method of describing Example I as a bare array is to define Unit I to be a disk of material ]
1, topped by a disk of material 2. The origin has been chosen at the center bottom of the disk of mate-

'
<

rial 1. Unit 2 is the square plate of materia! 3 with the origin at the center of the unit. The array con-
sists of three Unit l's, topped by a Unit 2 as shown below.

Data description 5, Example 1.

READ GEOM*

UNITI
: CYUNDER I i 5.0 2.0 A0

CYLINDER 21 5.0 4.0 A0
CUBotD 01 IA0 -1A010.0 -10.0 4.0 0.0
UNIT 2
CUBOID 3 I IA0 -10.010.0 -10.01.25 -L25
END GEOM
READ ARRAY NUX-1 NUY=1 NUZ=4 FILL 3R12 END ARRAY

Example I can be described as a reflected array by tresting the square plate as a reflector in the'

positive z direction. One means of describing this situation is to define Units I and 2 as in data
description 3, Example 1. The origin of the core boundary is defined to be at the center of the array.
The corresponding input geometry is shown below.

r Data description 6, Example 1.

? <

p n-
1 READ GEOM "

i UNITI
CYLINDER II 5.0 2.0 0.0
CUBOID 01 1A0 -10.010.0 -10.0 2.0 A0-

UNIT 2
CYLINDER 21 5.0 2.0 A 0
CUBOID 01 10.0 !A010.0 -1A0 2.0 0.0
CORE O I -10.0 -ito.0 -6.0

o CUBOID 31 10.0 -10.01A0 -10.0 A3 -6.0
END GEOM
READ ARRAY NUX-1 NUY-1 NUZ=6 FILL 121212 END ARRAY

The user could have chosen the origin of the core boundary to be at the center bottom of the array.
The last two cards would then be:

* CORE 01 -1A0 -1A9 A0
CUBOID 311A0 -IA0 IA0 -1A014.5 A0

.,

4

A simpler method of describing Example 1 as a reflected array is to define only one unit as in data
description 5, Example 1. The square plate is treated as a reflector as in data description 6, Example 1.
The input for this arrangement is given below.

| ,
~

.)i

F

;
,

.
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Data description 7, Example 1.

1

[ READ GEOM
! CYLINDER 11 5.0 2.0 0.0 '

CYUNDER 2 I 5.0 4.0 0.0 |
'

CUBOID 01 IA0 -IA010.0 -IA0 4.0 0.0
COBE # 1 -1A0 -IA0 A0
CUBOID 3 1 1A0-1A0 1A0-IA0 14.5 A0 ,

END GEOM
READ ARRAY NUX=1 NUY-1 NUZ=3 END ARMY \

!

Note that the unit orientation data need not be entered in the array data if only one unit is dermed
in the geometry region data. Similarly, a unit or box. type definition need not be entered when only one
unit is dermed.

1

EXAMPLE 2. Assume the stack of six disks in Example 1 is placed at the center bottom of a '

cylindrical container composed of material 6 whose inside diameter is 16.0 cm. The bottom and sides
of the container are 0.25 cm thick, the top is open and the total height of the container is 18.25 cm.
Assume the square plate of Example 1 is centered on top of the container.

The geometry input can be described utilizins most of the data description methods associated with
Example 1. One method of describing Exampie 2 as a single unit is given below.

,

Data description 1. Exampic 2.

t READ GEOM
CYUNDER 115.0 1.0 -1.01

CYUNDER 213.0 3.0 -3.0
CYUNDER 115.0 5.0 -5.0
CYUNDER 215.0 7.0 -5.0.

CYUNDER 01 A0 13.0 -5.0
] CYUNDER 6 i L25 13.0 -5.25

CUBOID 0110 0 -1A0 10.0 -10.013.0 -5.25
,

CUBOfD 3110.0 -10.0 10.0 -1A015.5 -5.25
END GEOM

In the above description, the origin is defined to be at the center of the disk of material 1 nearest
the center of the stack. This disk is dermed by the first cylinder description. The disks of material 2
above and below it are dermed by the second cylinder description. The disks of material I above and
below them are defined by the third cylinder description. The top disk of material 2 is defined by the
fourth cylinder description. The void interior of the contamer is defined by the fifth cylinder descrip-
tion. The container is defined by the last cylinder description. The first cuboid card is used to define a
void whose x and y dimensions are the same as the square plate, and whose z dunensions are the same
as the container. The last cuboid card defines the square plate. Omission of the first cuboid card

; would result in the container being encased in a solid cuboid of material 3. Thus, both cuboids are nec-

|~ essary to properly define the square plate.

|

,

, ' * -
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Example 2 can be described as a renected array. One of the descriptions uses only one unit and is
similar to data description 7, example 1. This is shown below. Note that the use of only one unit type %'

allows omission of the unit type definition and the unit orientation data.

Data description 2, Exampic 2.

'

READ GEOM
CYUNDER 113.0 2.0 0.0
CYUNDER 213.0 4.0 A0

'' CUBOLD 01 3.0 -3.03.0 -$.0 40 A0
CORE 01 -$.0 -$.0 A0
CYUNDER 01 A0 1A0 0.0
CYUNDER 6 i A23 IA0 -A25
CUBOID 0110.0 -10.0 10.0 -10.01A0 -0.25
CUBOLD 311A0 -IA0 1A0 -IA0 20.5 -A23
END GEOM
READ ARRAY NUX-1 NUY-1 NUZ-3 END ARRAY

In this data description, the first two cylinder descriptions define a disk of material I with a disk of
material 2 directly on top of it. A tight fitting void cuboid is placed around them so they can be
stacked three high to achieve the stack of disks shown in Example 1 Fig. Fil.5.1. This array
comprises the core or array portion of the geometry regma description. The origin of the core bound-
ary, a tight fitting cube or cuboid that encompasses the core, is denned by the CORE description.
Everything after the CORE description is consuiered part of the renector. The first cylinder after the
CORE defines the void interior of the cylindrical container. De next cylir.dct defines the walls of the
container. The next to last cuboid defines a vowi volume outside the container from its bottom to its top ]
and having the same x and y dimensions as the square plate. De last cuboid defines the square plate -

of material 3 that is sitting on top of the contamer.

Example 2 cannot be described as a reflected array if the inner radius of the contamer is smaller
than 7.071 cm (J2x5.0 ). This is the radius at which the inner boundary of the container is tangent to2

the cuboid around the disks. If the inner radius is analler than 7.071 cm, the data must be described
j as a single unit; or alternatively, the container must be included within the units. Assume the container
: of Example 2 has an inner radius of 6.0 cm with all other data remaining the same. An example of the

| geometry data describing this configuration is givren below in data description 3 Example 2.

Data description 3, Example 2.
,

RE4D GEOM
'

. UNIT 1 _

; CYUNDER 616.25 A23 0.0
CUBOID 0 I iA0 -1A0 10.0 1A0 0.25 0.0

i UNIT 2
| CYUNDER 113.0 2.0 A0

CYUNDER 215.0 40 A0>

CYUNDER 016.0 40 0.0
CYUNDER 616.25 40 A0
CUBOID 011A0 -10.0 1A0 -10.0 A0 0.0
UNIT 3 '-

CYUNDER 016.0 3.0 -3.0
CYUNDER 6 1 6.25 3.0 -3.0
CUBOID 011A0 -1A0 1A 0 -1A 0 3.0 3.0
CUBOED 3110.0 -IA0 1A0 -1A0 3.5 -3.0
END GEOM
READ ARRAY NUX=1 NUY-1 NUZ-5 FILL 13R2 3 END ARRAY

,. __
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.

In the above description, Unit 1 is the bottom of the cylindrical container. The void cuboid is only'

as tall as the bottom of the container, and its x and y dimensions are the same as the square plate on
top of the container. If all the units in the array utilize these same dimensions in the x and y direc-
tions, the restriction that adjacent faces of units in contact with each other be the same size and shape
is satisfied. This array is stacked in the r direction, so all units must have the same overall dimensens
in the x direction and in the y 1mics. Unit 2 will be used in the array throe times to create the stack
of disks. It contains a disk of material 1, topped by a disk of material 2. The portion of the contamer
that contains the disks and the cuboid that defines the outer boundanes of the unit are included in Unit'
2. Unit 3 describes the empty top pertaan of the container and the square plate on top of it. The z
dimensions of Unit 3 were determined by saibtracting three times the total z dimension of Unit 2 from
the inside height of the container [18.0 - (3x4.0) - 6.0]. His can also be determined from the over-,

- all height of the container by subtracting off the bottom thickness of the container and three times the
height of Unit 2 (18.25 - 0.25 - (3x4.0) - 6.0]. De origin of Unit 3 is located at the center of
this distance. If the origin were chosen at the bottom of that height, it would be described as:-

,

UNIT 3
F

CYUNDER 016.0 A0 A0
CYUNDER 6 i A23 A 0 0.0 ,

CUBOID 0110.0 -10.010.0 -10.0 A0 0.0 \
CUBOID 3110.0 -10.010.0 -10.0 A23 0.0

EXAMPLE 3. Refer to Example 1 Fig. Fl1.5.1, and imagine a hole 1.5 cm in diameter is drilled
!

along the centerline of the stack through the disks and the square plate. This eliminates the possibility
il of describing the system as a single unit. His is because the hole in the center of the alternating
i p materials of the stack cannot be described in a manner that allows each successive geometry region to
" d encompass the regions interior to it. Therefore, it must be described as an array. The square plate on

the top of the disks is defined as a unit in the array. In the geometry description given below, the,

square plate is defined in Unit 3.-

-

Data description 1, Funmpic 3.
,

t

^| READ GEOM '

UNIT 1
4 CYUNDER 010.75 2.0 A 0

CYLINDER 113.0 20 A0
CUBOID 0110.0 -10.010.0-10.0200.0
UNIT 2
CYUNDER 01 A73 2.0 A0
CYUNDER 213.0 2.0 A0 -

' '

CUBOID 01 IA0 -1A01A0 -l&O 2.0 A0
UNIT 3

' ' CYUNDER 01 A75 13 A0
1 CUBOID 311A0 -IA01A0 -IA0 2.3 A0
.: END GEOM

READ ARRAY NUX=1 NUY-1 NUZ=7 FILL I 2 2Q2 3 END FILL END ARRAY
.

In data description 1, Example 3 above, Unit I describes a disk of material I with a hole through its
centerline. The first cylinder defines the hole, the second defines the rest of the disk, and the cuboid

.

defines the size of the unit to be consistent with the square plate so they can be stacked together in the
array. Unit 2 describes a disk of material 2 in umdar fashion. Unit 3 describes the square plate of

,

' material 3 with a hole through its center. De cylinder defines the hole and the cuboid defines the
,

t.
t

4

. _ . . - - . . - . . -
-
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square plate. These three units are stacked in the z direction to achieve the composite system. This is
represented by FILL 1 2 2Q2 3. The 2Q2 repeats the two entries preceding the 2Q2, two times.
Alternatively, this can be achieved by entering FILL 1 2 1 2 1 2 3 END FILL The
same array can also be achieved using the LOOP option. An example of the data for this option is:
LOOP 1 6RI 152 2 6RI 2 6 2 3 6RI 7 7 1 END LOOP. Unit I is placed at the
x=1, y=1 and z=1,3,5 positions of the array by entering 16R1 1 5 2. Unit 2 is positioned at the
x=1, y=1 and z-2,4,6 positions in the array by entering 2 6RI 2 6 2. Unit 3 is placed at the x=1,
y=1, z-7 position of the array by entering 3 6R17 7 1. See Sect. Fil.4.5 for additional informa: ion
regardag array specifications. Table Fil.4.2 lists other available input options.

EXAMPLE 4. Assume two large cylinders, 2.5 cm in radius and 5 cm long, are connected by a
smaller cylinder,0.5 cm in radius and 10 cm long, as shown in Fig. Fil.5.2. All of the cylinders are

- composed of material 1. By starting the geometry description in the small cylinder, this system can be
described as a single unit.

CML-0*G et * *ee0
.
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Fig. Fi1.5.2. Two large cylinders joined nially by a small cylinder

Data description 1. Example 4.
I
1

READ GEOM
CYLINDER I I 0.55.0-5.0
CYLINDER 012.5 5.0 -5.0
CYLINDER I I 2.5 10.0 -10.0
END GEOM

The origin is at the center of the small cylinder which is described by the nest cylinder card. The
second cylinder card defines a void cylinder surroundmg the small cylinder. Its radius is the same as
the large cylinders, and its height coincides with that of the small cylinder. The last cylinder card
defines the tari,e cylinders on either end of the small cylinder.

,

l
'

EXAMPLE 5. Assume two large cylinders with a center.to-center spacing of 15 cm, each having a
radius of 2.5 cm and length of 5 cm, are connected radially by a small cylinder having a radius of 1.5
cm, as shown in Fig. Fil.5.3.

-

. _ _. ... . _ _ _ .
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Fig. Fil.5.3. Two large cylinders r=<h=Ily connected by a small cylinder'

This system cannot be rigorously described in KENO V geometry because the intersection of the
cylinders cannot be described. However, it can be approximated two ways, as shown in Fig. F11.5.4.
The top approximation is described in data description 1, exampic 5. The bottom approximation is
described in data description 2, example 5, and data description 3, exampic 5. These may be poor
approximations for criticality safety calculations.
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Fig. Fl1.5.4. KENO V approximations of cylindrical intersections

Data description 1, Example 5.

READ GEOM,.

f UNITI
CYLINDER I I 2.5 2.5 -15a

CUBE O I 2.5 -2.5'

UNIT 2
XCYLINDER I i 1.55.0-5.0
CUBOID 015.0-5.015-2.52.5-2.5
END GEOM
READ ARRAY NUX-3 NUY-1 NUZ-1 FILL i 21 END ARRAY

.

1
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l
Unit I defines a large cylinder, and Unit 2 describes the small cylinder. In both units the origin is m

at th.2 center of the cylinder.t

Data description 2, Example 5.

READ GEOMETRY
UNITI
CYLINDER 112.51.00.0.

CUBOID 014P2.51.0 0.0
UNIT 2

< ZHEMICYCL-X 112.5 2Pl.3 CHORD 2.0
L CUBOID 0120 3P-2.5 2Pl.3

UNIT 3
ZHEMICYL+X i 12.5 2Pl.3 CHORD 2.0
CUBOID 012.3 -2.0 2P2.5 2Pl.3
UNIT 4
XCYLINDER 1 1 1.5 2PS.5.

CUBOID 0102PS.5 2P2.5 2PLS '
,

UNIT $
CUBOLD 012PS.0 2P2.51.0 0.0
UNIT 6
ARRAY I 3*0.0
UNIT 7
ARMY 2 3*0.0
END GEOMETRY
READ ARRA Y AM =1 NUX=3 NUY=1 NUZ=1 FILL i 5 i END FILL 3
AM =2 NUX=3 NUY=1 NUZ=1 FILL 2 4 3 Et/D FILL d
AM-3 NUX=1 NUY-1 NUZ-3 FILL 6 7 6 END FILL,~
END ARRAY

nis geometry description uses e. trays of arrays (see Secten Fil.5.6.3) to describe the bottom approxi-
mation of Fig. Fil.5.4. Unit I defines a large cylinder 2.5 cm in radius and 1.0 cm tall insule a close

i fitting cuboid. His is used in beh large cylinders as the portion of the large cylinder that exists both
above and below the region where the small cylinder joins it. Unit 5 is the spacing between the tops of
the two large cylinders and the spacing between the bottoms of the two large cylinders. Array I thus
defines the bottom of the system: two short cylinders (Unit l's) separated by 10 cm (Unit 5 is the sepa-
ration). Unit 6 contains array 1.

,

Unit 2 is the left "hemicylinder" that adjoins the horuontal cylinder, and Unit 3 is the right "hemi-
cylinder" that adjoins the horuontal cylinder. Unit 4 def' es the horizontal cylinder. Array 2 containsm

. Units 2,4, and 3, left to right. This defines the central portim of the system where the horizontal cylin->

| der adjoins the two "hemicylinders." These "hemicylinders' are larger than half cylinders. Unit 7 con-
L tains array 2.
h
~

The entire system is acheved by stacInns a Unit 6 above and below the Unit 7 as defined in array
" 3, the global array.

Data description 3, Example 5.

,

|
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READ GEOMETRY
t UNITl'

CYLINDER 1115 LO 0.0
UNIT 2
CYLINDER I i 15 L0 A0
CUBOLD 0117.5 -2.5 2P2.5 L0 A0
HOLE I 15.0 0.0 0.0
UNIT 3
ZHEMICYL-X 1115 2PLS CHORD 10
UNIT 4
ZHEMICYL+X 1115 2PLS CRORD 10

. UNIT 5
XCYLINDER I I L3 2PS.5

*

CUBOLD 01 2P10.0 2P2.5 2PLS
HOLE 3 -7.5 2*0.0
HOLE 4 7.5 2*A0
END GEOMETRY ,

READ ARRAY
ARA =l NUX=1 NUY-1 NUZ-3 FILL 2 5 2 END FILL>

END ARRAY

This geometry description uses holes (see Sect. F11.5.6.1) to describe the bottom approximation of
Fig. F l1.4. Unit I defines a large cylinder 2.5 cm in radius and 1.0 cm tall. Unit 2 dermes the,

same cylinder within a cuboid that extends from x=-2.5 to x=17.5, from y=-2.5 to y=2.5, and z=0.0 to
z=1.0. The ongs of the cylinder is at (0.0,0.0,0.0). Thus Unit 2 describes the top and bottom of the

(d cylinder on the left. Unit I is positioned within this cuboid as a hole with its ongin at (15.0,0.0,0.0) toG
describe the top and bottom of the cylinder on the right. Unit 3 is the left %micylmder" that adjoins
the horizontal cylinder, and Unit 4 is the right "hemicylinder" that adjoins the horizontal cylinder. Unit
5 defines the horizontal cylinder with its origin at the center within a cuboid that extends from x=-10.0

,

to x= +10.0, y=-2.5 to y=2.5, and z=-1.5 to z=1.5. Unit 3 is positioned to the left of the horizontal cyl-
inder, and Unit 4 is positioned to the right of the honzontal cylinder by using holes.

| The entire system is achieved by stacking a Unit 2 above and below Unit 5 as shown in the array
i data.

This same geometry description can be used with Unit 2 redefined to have its origin defined so the,

'

unit extends from x=-10 to x=10, y=-2.5 to y=2.5, and z=0.0 to z=1. In this instance, the geometry
data would be identical except for Unit 2. This alternate description of Unit 2 is:

1 .

. i

UNIT 2
d CYLINDER I 12.5 L0 A0 ORIGIN -7.5 A0
| CUBOID 012P!A0 2P2.5 L0 A0

HOLE ! 7.5 A0 A0
,

EXAMPLE 6. Assume 2 small cylinders 1.0 cm in radius and 10 cm long are connected by a large
cylinder 2.5 cm in radius and 5 cm long as shown in Fig. Fl!.5.5.

'.
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Fig. Fil.5.5. Two small cylinders joined axially by a large cy'dader

4 This problem is very similar to example 4, but it cannot be described as a single unit. It must be -

j described as an array. Unit I defines the large cylinder, and Unit 2 defines the small cylinder. The
origin of esca umt is at its center. The composite system consists of two Unit 2's and one Unit I as
shown below,

i

Data description 1. Example 6.
0

$ READ GEOM
l UNITI

CYLINDER I 1 2.5 2.5 -2.5
CUBE 0 i LS -2.5
UNIT 2
CYLINDER Ii 1.0 5.0 5.0

; CUBOID 0 1 2.3 -2.5 2.5 -1 5 3.0 -$.0 ,;

| END GEOM
READ ARRAY NUX=1 NUY=1 NUZ=3 FILL 212 END ARRAY

EXAMPLE 7. Assume an lix5x3 array of spheres of material 1, radius 3.75 cm, with a center-to-.,

'
center spacing of 10 cm in the x, y, and z directions. The data for this system are given below.

Data description 1, Example 7.

READ geoid

SPHERE I I 3.75
CUBE OIS.0 $.0 _ 'y
END GEOM J
RE4D ARRAYNUX=1i NUY=$ NUZ-3 END ARRAY

.
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:

EXAMPLE 8. Assume an lix5x3 array of spheres of material I whose radius is 3.75 cm, and
whose center.to-center spacing is 10 cm in the x direction,15 cm in the y direction, and 20 cm in the z
direction. The input for this geometry is given below.

Data description I, Exampic 8.

READ GEOM
,

SPHERE Ii3.75
CUBOID 015.0 $.0 7.5 -7.510.0 -10.0
END GEOM

'

READ ARRAY NUX=ll NUY-5 NUZ-3 END ARMY ,

, EXAMPLE 9. Assume an lix5x3 array of spheres of material I whose radius is 3.75 cm, and
whose eter-to-center spacing is 10 cm in the x, y, and z directions. This array is reflected by 30 cm
of materi.J 2 (weter) on all faces. The array spacing defines the perpendicular distance from the outer

t layer of spheres to the reflector to be 5 cm in the x, y, and z directions. The geometry input for this
system is given below.

Data description 1, Example 9.

READ GEOM
SPHERE I1 3.75

,

CUBE 01 5.0 -5.0'

_

CORE O 1 55.0 -25.0 -15.0
REFLECTOR 226*3.0 10
END ARMY'

READ ARMY NUX=11 NUY 5 NUZ=3 END ARRAY
READ RIAS ED=500 211 END BIAS

i

The core boundary defines the origin of the reflector to be at the center of the array. The 6*3.0 on

]
the reflector card repeats the 3.0 six times. The reflector card is used to generate ten reflector regions,
each 3.0 cm thick, on all six faces of the array. The first bias ID is 2, so the last bias ID will be 11 if,

10 regions are created. The biasing data block is necessary to apply the desired weighting or biasing
function to the reflector. The biasing material ID is obtamed from Table Fil.4.5. If the biasing data
block is omitted from the problem description, the 10 reflector regions will not have a biasing function

^

applied to them, and the default value of the average weight will be used. This may cause the problem
to execute more slowly, and therefore require the use of more computer time.

.

$ EXAMPLE 10. Assume the reflector in Example 9 is present only on both x faces, both y faces,

b and the negative z face. The reflector is only 15.24 cm thick on these faces. The top of the array (pos-
itive z face)is unreflected.*

>
,

2 Data description I, Example 10.

| READ GEOM ;
'

SPHERE I1 3.75
CUBE 01 5.0 -3.0
CORE 0 1 -55.0 -25.0 -15.0

; REFLECTOR 2 2 4*3.0 0.0 3.0 $
' REFLECTOR 2 7 4*0.24 0.0 0.24 i

READ ARMY NUX=ll NUY=5 NUZ-3 END ARMY |

READ BIAS ID=500 2 7 END BLAS
.

|
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- The first reflector card generates five regions around the array, each region being 3.0 cm thick in 3
the +x, -x, +y, -y, and -z directions, and of zero thickness in the +z direction. This defines a total '

thickness of 15 cm of reflector material on the appropriate faces. The second reflector card generates
the last 0.24 cm of material 2 on those faces. Thus, the total reflector thickness is 15.24 cm on each
face of the array, except the top which has no reflector. Five reflector regions were generated by the
first reflector card, and one was generated by the second reflector card; so, six biasmg regions must be
defined in the biasing data. Thus, the beenning bias ID is 2, and the ending bias ID is 7. The biasing
material ID and thickness per regma are obtamed from Table Fil.4.5. The thickness per region should
be very nearly the thickness per region front the table to avoid overbiasms in the reflector. Partial
increments at the outer region of a reflector are exempt from this mawadarian If a biasing func-
tion is not to be apphed to a region generated by the reflector card, the thickness per region can be any

,

desired thickness. In this instance, a biasms data block is not entered.
|

EXAMPLE 11. Assume the array of exampic 7 has the central unit of the array replaced by a cyl-,

inder of matetial 4,5 cm in radius and 10 cm tall. Assume a 20-cm-thick spherical reflector of mate-
,

rial 3 (concrete) is positioned so its inner radius is 65 cm from the center of the array. The minimum
! 2 2 2inner radius of a spherical reflector for this array is 62.25 cm (V55 +25 +15 ). If the inner radius is

smaller than this, the problem cannot be described using KENO V geometry.,

-

Data description 1, Example 11.

i

i READ GEOM
| UNITI

SPHERE I 13.75
1 CUBE 0 I 5.0 -5.0
1: UNIT 2 Q0
0 CYLINDER 413.0 5.0 -$.0
1 CUBE 013.0 -5.0

CORE 01 -55.0 -25.0 -15.0-

SPHERE 0165.0 *

L REPLICATE 3 2 3.0 4
0 END GEOM

h; READ ARRAY NUX=ll NUY=$ NUZ=3 LOOP 11111131131
2 6 613 312 21 END ARRAY
READ BIAS ID 3012 5 END RIAS

Unit I describes the sphere and spacing utihzed in the array. Unit 2 defines the cylinder that is
j located at the center of the array. The CORE defines the origin of the reflector to be at the center of
3 the array. The sphere following the core card defines the inner radius of the reflector. The replicate .

[ card will generate four spherical regions of material 3, each 5.0 cm thick.- The first 10 entries following -
the word LOOP fills the lix5x3 array with Unit 1. The next 10 entries position Unit 2 at the center of,

the array (x-6, y-3, and z-2), replacing the Unit I that had been placed there by the first 10 entries.
The biasing data block is used to apply the biasing function for concrete to the generated reflector
''8'*"'-

7

~

EXAMPLE 12. Assume a data profile such as fission densities is destred in a cylinder at 1-cm
intervals in the radial direction and 1.5-cm intervals axially. The cylinder, composed ef material 1, has

[ a radius of 15 cm and a height of 45 cm. The REPLICATE description can be used to ge' aerate these
regions as shown below. A biasing data block is not entered because default biasing is desired through-
out the cylinder. -
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Data description I, Example 12.

READ GEOM
CYLINDER 111.01.5 -1.5 ,

REPLICATE I 21.0 2*l.514 |
lEND GEOM

Fl1.5.6.1 Use of Holes in Ihe Geomesry

Section Fil.5.6 tells how each KENO may regma in a unit must completely enclose all provi-
ously described regens in that unit. Holes can be used to circumvent this restnction to some degree.
A HOLE is a means of placing an entire unit within a'Way regen. A separate HOLE description
is required for every location in a geometry region where a unit is to be placed. The information
contained in a hole description is: (1) the geometry word, HOLE, (2) the unit number of the unit to be
placed, and (3) the x, y, and z coordinates specifying where the origin of the placed unit is to bex

located. A hole is placed inside the geometry region that precedes it (excluding holes . i.e., if a
CUBE geometry region '.s followed by four HOLE descriptions, all four of the HOLES are located
within the CUBE.) Holes are subject to the restriction that they cannot intersect any other geometry

*

region. Holes can be nested to any depth (see Sect. Fl1.5.6.2).
h

Tracking in regions that contain holes is less efficient than tracking in regions that do not contain
notes. Therefore holes should be used only when the system cannot be easily described by conventional
methods. One example of the use of holes is shown in Fig. F11.5.6.

( The large rods are 1.4 cm in radius and composed of mixture 3. The small rods are 0.6 cm in'

radius and composed of mixture 1. The insule radius of the annulus is 3.6 cm, and the outside radius is
3.8 cm. The annulus is made of mixture 2. The rods and annulus are both 30 cm long. The annulus isa

! centered in a cuboid having an 8-cm-square cross section and a length of 32 cm. All nonshaded areas
are void. In this mock-up, a small rod is defined by Unit I and a large rod is defined by Unit 2. Unit
3 defines the central small rod, the annulus and the cuboid. Units 1 and 2 are placed within the annu-
lus using holes.
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Fig. Fil.5.6. Close-packed rods in an annulus.
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The geometry mock-up can be given by:

READ GEOM
UNITI
CYLINDER I 10.6 2Pl$.0
UNIT 2
CYLINDER 311.4 2Pl$.0
UNIT 3
CYLINDER 110.6 2Pi$.G -

CYLINDER 013.6 2P15.0
HOLE 2 0.0 -2.0 0.0
HOLE 12.0 -2.0 0.0
HOLE 2 2.0 0.0 0.0
HOLE 110 2.0 0.0
HOLE 2 0.0 2.0 0.0
HOLE 1 -2.0 2.0 0.0
HOLE 2 -2.0 0.0 0.0
HOLE 1 -2.0 -2.0 0.0
CYLINDER 213.8 2Pl$.0
CUBOID 014P4.0 2P16.0
END GEOM
READ ARRAY NUX=1 NUY-1 NUZ-1 FILL F3 END ARRAY

The first HOLE description is for the bottom large rod. It says to take Unit 2 and place its origin at
(0.0,-2.0,0.0) in Unit 3. The second HOLE description is for the smAl rod to the right of the large rod

(') just hW It places the origin of Unit I at (2.0,-2.0,0.0) in Unit 3 The third HOLE description is
for the large rod to the right. It places the origin of Unit 2 at (2.0,0.0,0.0) in Unit 3. This procedure~

is repeated in a councefclockwise h&,a until all eight rods have been placed within the region that
defines the inner surface of the annulus. The CYLINDER that defines the outer surface of the annulus
is described after all the holes for, the previous regma have been placed. Then the outer cuboid is
described.

This example illustrates that a unit that is to be placed using a HOLE description need not have a
cube or cuboid as its last region.,

An alternate mock-up for this problem would be to omit the first region in Unit 3 and put it in as a
hole. The hole description for the central rod would be: HOLE I 3*0.0..

i The order of the HOLE cards in any given region is not important (they can be interchanged with
each other randomly). However, they must always appear immediately after the region in which they

|
are placed.

An array of the arrangement shown in Fig. Fil.5.6 can be easily described by altering the array<

description data. For example, a 5x3x2 array of these shapes with a center-twenter spacing of 8 cm in
x and y and 32 cm in z can be achieved by utilizing the following array data:

..
1

READ ARRAY NUX 5 NUY-3 NUZ=2 FILL F3 END FILL END ARRAY
or
READ ARRAY NUX-5 NUY-3 NUZ-2 FILL 30*3 END f!LL END ARRAY
or
READ ARRAY NUX 5 NUY-3 NUZ-2 LOOP 3151131121 END ARRAY

.
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Another exarnple of the use of holes is shown in Fig. Fil.5.7. ]
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Fig. FI1.5.7. Annular rods in triangular pitch lattice

Assume that an infinite linear array of annular rods are stacked three high in a triangular pitch.

The array is infinite in the x direction, and the annular rods are stacked three hig/1i. This array can
h in the z direction.

De rods are finite in the y direction and stacked only one deep in y. The pitch is -L -:

be created by describing the geometrical arrangement shown in Fig. Fil.5.7 and applying specular or
mirror image reflection on both x faces.

,

i The annular rods are all composed of mixture number one, have an inade radius of 1.3 cm, an out-
side radius of 1.6 cm, and are 24 cm long. De pitch is Ji3, apprommately 3.606 cm. This system can'

be described in many ways.

|~ This geometry mock-up assumes the origin of the basic unit to be on the left face ( x face), halfway
up the cuboid. This is defined as Unit 1. Unit 2 is a henucylindrical annulus which will be placed
along the right face (+x face) using holes.

~

1

:

l

l

,. . . . . . . . , . . . . _ |._ . _ . - ,

___ __ _ - _ . . _ _ _ . . . _ _ . ._ _ . _ . .



,
..

_. . _ _ _ _ _ _ _ _ _ _ _ _

, .

'
' ' F11.5.27

READ GEOM
UNITI
YHEMICYL+X' 0 i L3 2P12.0
YHEMICYL+X 111.6 2Pl2.0
CUBOID 012.0 0.0 2PI2.0 2PLO
HOLE 2 2.0 -3.0 A0
HOLE 2 2.0 3.0 A0
UNIT 2
YHEMICYL-X 0 i L3 2 PILO
YHEMICYL-X 1 i L6 2P12.0
END GEOM
READ ARMY NUX=1 NUY-1 NUZ-1 FELL FI END ARMY-

READ BOUNDS XFC MIRROR END BOUNDS

In the above geometry description, the homicyhndncal annulus on the left ( x face) is described in
,

L Unit 1. A hemicylindncal annulus that is oriented in the opposite directen is described in Unit 2.
The first HOLE description locates the origin of Unit 2 at (2.0,-3.0,0.0) in Unit 1. This positions the
lower hemicylindrical annulus as shown in Fig. Fil.5.7. The second HOLE description locates the ori-
gin of Unit 2 at (2.0,3.0,0.0) in Unit 1. This positions the top hemicylindrical annulus as shown in the

,

figure. The two holes.can be interchanged without altering the results. The order in which holes are
described is not important. ,

If Units 1 and 2 are interchanged, the geometry mock.up would be as follows:

p READ GEOM
Qj UNITI

YHEMICYL-X 0 i L3 2P12.0
YHEMICYL-X 10 L6 2P12.0
UNIT 2
YHEMICYL+X 0 i L3 2P12.0
YHEMICYL+X 11 1.6 2P12.0

| CUBOID 01 10 A0 2P12.0 2PLO
' HOLE I 10 -3.0 A0

HOLE I 10 3.2 A0-
END GEOM
READ ARMY NUX=1 NUY-1 NUZ-I FILL F2 END ARMY -

READ BOUNDS XFC= MIRROR END BOUNDS

In the above mock-up, Unit 2 describes the b:micylindncal annulus on the left and the cuboid
exactly as Unit I did in the previous geometry description. Unit I now describes a hemicylindrical

,

annulus that is oriented in the opposite direction (exactly the same as Unit 2 in the previous descrip->

tion). The first HOLE description places the ongin of Unit I at (2.0,-3.0,0.0) in Unit 2. The second'

.

HOLE description places the ongin of Unit I at (2.0,3.0,0,0) in Unit 2. This generates the same con-i
'

figuration as shown in Fig. Fil.5.7.
,

Another way of describing this problem uses more unit desenptions. Define the origin of the basic
unit to be on the right face at the origin of the lowsr annulus and call it Unit 3. Derme Unit I to be a

'

hemicylindncal annulus that has its origin on the left face. Define Unit 2 to be a hemacylindncal annu-
lus that has its origin on the right face. The geometry mock-up for this situation is:

- .
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~
READ GEOM
UNITI
YHEMICYL+X 0 i L3 2P12.0
YHEMICYL+X 1 i L6 2P12.0
UNIT 2
YHEMICYL-X 0 i L3 2P12.0
YHEMICYL-X 11 L6 2P12.0
UNIT 3
YHEMICYL-X 0 i L3 2P110
YHEMICYL-X ! ! L6 2 PILO
CUBOID 0 1 0.0 1 0 2PI L O 8.0 -2.0
HOLE I -10 0.0 3.0
HOLE 2 0.0 0.0 6.0
END GEOM
READ ARRAY NUX=1 NUY=1 NUZ-1 FILL F3 END ARRAY
READ BOUNDS XFC MIRROR END BOUNDS

3

Assume that the origin of the basic unit is at the center of the cuboid and include the lower right f
hemicylindrical annulus in the basic unit. Define the basic unit to,be Unit 3. Define Unit I to be the "

hemicylindrical annulus havity its origin on the left face. Define TJuit 2 to be the upper hemicylindri-
cal annulus. This mock-up will be the same as the previous one except for changes required by the shift
in the location of the origin.

.

READ GEOM'

'

UNITI
j YHEMICYL+X 0 i L3 2P110
' YHEMICYL+X 11 L6 2P12.0 t

UNIT 2
YHEMICYL-X 0 i L3 2P!2.0
YHEMICYL-X ! ! L6 2 PILO
UNIT 3
YHEMICYL-X 0 i L3 2 PILO ORIGIN LO -3.0 i

YHEMICYL-X ! I L6 2P12.0 ORIGIN L0 -3.0,

} CUBOID 012PLO 2P!2.0 2PS.0
HOLE I -L0 0.0 0.0
HOLE 2 LO 0.0 3.0,

END GEOM
READ ARRAY NUX=1 NUY-1 NUZ-1 FILL F3 END ARRAY
READ BOUNDS XFC-MIRROR END BOUNDS

'.

j Define Unit I to be a hemicylindrical annulus oriented like the top and bottom ones in Fig. Fil.5.7.
; Define Unit 2 to be a hemicylindrical annulus oriented like the middle one in Fig. Fil.5.7. Define

Unit 3 to be the cuboid with the origin at its center. Use holes to place all three hemicylindricala
'

annuli in the cuboid. The geometry mock-up for this situation follows:

,
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READ GEOM
UNITI
YHEMICYL-X 011.3 2P12.0
YHEMICYL X 111.6 2P12.0
UNIT 2
YHEMICYL+X 011.3 2PI2.0
YHEMICYL+X 1 i L6 2P12.0
UNIT 3
CUBOID 012Pl.0 2P12.0 2PS.0
HOLE 11.0 0.0 -3.0 *

HOLE I 1.0 0.0 3.0
HOLE 2 -1.0 0.0 0.0
END GEOM
READ ARRAY NUX=1 NUY=1 NUZ-1 FILL F3 END ARRAY
READ BOUNDS XFC= MIRROR END BOUNDS

,

,

'

In the above description, the first HOLE description places the lower annulus at its proper location.
The second HOLE description places the upper annulus at its proper position and the third HOLE
description places the middle annulus at its correct position.

FlI.S.6.2 Nesting Holes

This section illustrates how holes are nested. Holes can be nested to any level Consider the config- i

uration that was illustrated in Fig. Fil.5.6 and replace the large rods with a complicated geometric
arrangement. The resultant figure is shown in Fig. Fil.5.8..
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>

Figure Fl1.5.9 shows the complicated geometric arrangement that replaced the large rods of'

Fig. Fi1.5.6.
,
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Figure Fi1.5.10 shows a component of the arrangement shown in Fig. F11.5.9.
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Fig. Fl1.5.10. Geometric component represented by Unit 4

y

! There is no predetermined "best way" to create a geometry mock-up for a given physical system.
'

The user should decide the order that is most convenient. In order to describe the configuration using
'

nested holes, Fig. Fil.5.8, it reay be most convenient to start the geometry mock-up at the deepest nest-
ing level as shown in Fig. FI1.5.10. De small cylinders are composed of mixture 1, they are each
0.1 cm in radius and 30 cm long. There are five small cylinders used in Fig. F11.5.10. Their centers
are located at (0,0,0) for the central one, at (0,-0.4,0) for the bottom one, at (.4,0,0) for the right one,
at (0,.4,0) for the top one, and at ( .4,0,0) for the left one. The rectangular parallelepipods (cuboids)

: are composed of mixture 2. Each one is 30 cm long and 0.1 cm by 0.2 cm in cross section. The large
I: cylinder containing the configuration is composed of mixture 3, is 30 cm long and has a radius of

} 0.5 cm. De geometry mock-up for this system is described as follows:

.
(1) define a small cylinder to be Unit 1,

|| (2) define a small cuboid with its length in the x direction to be Unit 2,
p (3) define a small cuboid with its length in the y direction to be Unit 3,

(4) define Unit 4 to be the large cylinder and place the cylinders and cuboids in it using holes.I
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4

UNITI
CYLINDER I 10.12P15.0

\ UNIT 2
CUBOID 212P0.12P0.05 2PIS.0
UNIT 3
CUB 01D 212P0.05 2P0.12P15.0
UNIT 4
CYUNDER 11 Al 2P15.0
CYUNDER 31 AS 2P15.0
HOLE I 0.0 -A4 A0
HOLEIA4A0A0
HOLEIA0A4A0

L HOLE I 44 A0 A0
HOLE 2 -0.2 A0 0.0
HOLE 2 0.2 0.0 A0
NOLE 3 0.0 -0.2 0.0
HOLE 3 0.0 0.2 0.0

The first cylinder places the central rod,
the first HOLE places the bottom cylinder,
the second HOLE places the cylinder at the right,
the third HOLE places the top cylinder,
the fourth HOLE places the cylinder at the left,
the fifth HOLE places the left cuboid whose length is in x,
the sixth HOLE places the right cuboid whose length is in x,

".V) the seventh HOLE places the bottom cuboid whose length is in y, and,

the eighth HOLE places the top cuboid whose length is in y.
;
m

Now that Fig. Fil.5.10 has been described, consuler Fig. Fil.5.9. The large plain cylinders are
con posed of mixture I and are 0.5 cm in radius and 30 cm long. De cylindrical component of Unit 4
is the same size, an outer radius of 0.5 cm and a length of 30 cm. The small cylinders that are located

,

in the interstices between the large cylinders are composed of mixture 2, are 0.2 cm in radius, and are
30 cm long. Define Unit 5 to be the large plain cylinder and Unit 6 to be the small cylinder; Unit 7 is
the annulus that contains the cylinders. Its origin is at its center. The annulus is composed of mixture
4, has a 1.3-cm inside radius and a 1,4-cm outer radius. The volume between the inner cylinders is
void. The large cylinders each have a radius of 0.5 cm and are tangent. Therefore, their origins are

2 2 2 2offset from the origin of the unit by 0.7071068. This is from x 7 =(0.5 +0.5 ) where x and y are-

equal. The geometry mock-up for this portion of the problem follows:

UNIT 3
CYUNDER I 1 AS 2P15.0
UNIT 6
CYUNDER 2 i A2 2P15.0

i UNIT 7
CYUNDER 2 i A2 2Pl$.0
CYUNDER 011.3 2P15.0
HOLE $ A7071068 A0 A0
HOLE 6 0.7071068 A7071068 0.0
HOLE 4 A0 A7071068 A0
HOLE 6 -A7071068 A7071068 A0

', HOLE $ -A7071068 0.0 0.0
HOLE 6 -A7071068 -A7071068 A0 >

' ' ~ ~
HOLE 4 AG -A7071068 A0
HOLE 6 A7071068 -A7071068 A0
CYUNDER 4 i L4 2P15.0

, .. - . .
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In Unit 7, the first cylinder description defines the c:gral rod and the second cylinder defines the

} void volume in which the smaller cylinders are to be placed.
:

The first HOLE places the larger cylinder of mixt.are I at the right with its origin at
(0.7071068,0.0,0.0),

#' the seceed HOLE places the small cylinder in the upper right quad'snt,
the third HOLE places the tio cylinder that contains the geomett' : winponent defined in Unit 4,e

the fearth HOLE places the small cylinder in the upper left quadrant,
the fifth HOLE places the larger cylinder of mixture 1 at the left,
the sixth HOLE places the small cylinder in the lower left quadrant,-

.

"the seventh HOLE places the bottom cylinder that coetains the geometric component defined in Unit 4,
;s, and the eighth HOLE places the small cylinder in the icwer right quadrant.

j h lert cylinder defines the outer surface of the annulut.

To complete the geometry mock-up, consider Fig. Fil.5.8.

Define Unit 8 to be the cylinder of mixture 2 biving a radius of 0.6 cm and a length of 30 cm.
?1

Define Unit 9 to be the central rod and the [use annulus cert.wed in a cuboid having an 8-cm.
;, square cross section and being 32 cm long.

UNIT 8
CYUNDER 210.6 2P15.0
UNIT 9 .

CYUNDER 210.6 2P15.0

&CYUNDER 013.6 2P15.

b HOLE 7 2.0 0.0 0.0 -
] HOLE 8 2*2.0 0.0

*

HOLE 7 0.0 2.0 0.0
HOLE 8 -2.0 2.C ).0 i<

}
HOLE 7-2.02*0.0

i HOLE 8 2*-2.0 0.0 ,.

] HOLE 70.0-2.00.0
i HOLE 8 2P2.0 0.0
' '

CYUNDER 413.8 2Pl$.0
CUBOID 014P4.0 2P16.0

k
^

In Unit 9, the first cylinder defines the rod of mixture 2, centered in the annulur.
,

.
The second cylinder defines the void volume between the central rod and the annuluc.

'

The first HOLE places the composite annulus of Unit 7 to the right of the central rod,
the seceed HOLE places a rod defined by Unit 8 in the upper right quadrant of the annulus,

' the third HOLE places the composite annulus of Unit 7 above the central rod,

f the fourth HOLE places a rod defined by Unit 8 in the upper left quadrant of the annulus,

4) the fifth HOLE places the composite annulus of Unit 7 to the left of the central rod,
.1 , k the sixth HOLE places a rod defined by Unit 8 in the lower left quadrant,

the seventh HOLE places the composite annulus of Unit 7 below the central rod,' '
,

and the eighth HOLE places a rod defined by Unit 8 in the lower right quadrant.

j The last cylinder defines the outer surface of the annulus. The outer cuboid is the last region.
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This problem illustrates three levels of hole nesting. The total input data for the problem is given
below. The nuclide ID's are for the 16-group Hansen Roach working format library. The mixtures
used in this problem are not realistic or meanissful However, the geometry description accurately
recreates the geometry arrangement of Fig. Fil.5.8. This problem includes the data for a printer plet
to be used to verify the validity of the geometry description. The plot data specify a picture that is 260
characters wide, so the picture is generated in two pieces. The left half of the printer plot is shown in |

IFig. Fil.5.Il and the right half is given in Fig. Fil.5.12. The user can tape the two halves toge*Jwr.
If the plot were specified to be 130 characters wide, it would all print in one piece. However, some of |
the detail might have been lost.
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NESTED HOLES SAMPLE D
READ PAMM RUN=NO UE=41 TME=LS END PAMM

'

READ MIXT SCT=1 MIX =1925N 4.7048 2 MIX =2 2001.0 MIX =J $42 Al
MIX =4 2001.0
END MIXT
READ GEOM
UNITI
CYUNDER I I Al19110
UNIT 2 t
CUBOID 2 I 2N! 2PA03 2 PILO
UNIT 3
CUBOLD 212N05 2N! 2 PILO
UNIT 4 '

CYUNDER I I Al 2 PILO
^

CYUNDER 3 i A3 2 PILO
' HOLEI A0 44 A0

HOLEI A4 AS A0
HOLEI A0 A4 A0

' HOLE 144 A0 A0
HOLE 2 42 A9 A0

e HOLE 2 A2 A0A0
HOLE 3 At 42 A0
HOLE 3 A0 A2 A0 .

UNITS
CYUNDER ! I A3 2 PILO
UNIT 6
CYUNDER 2 i A2 2PILS
UNIT 7
CYUNDER 21 A2 2 PILO,

CYUNDER 01 !J 2 PILO
j HOLE 3 A7071068 2*A0 .;n

*')'| HOLE 6 A7071068 A7071068 A0 :.

] HOLE 4 A0 A7071068 A0
*

HOLE 6 47071068 A7071068 LO'

HOLE 5 47071068 A0 A0.

HOLE 6.A7071068.A7071068 A0
HOLE 4 A0 47071064 A0

0 HOLE 6 A7071068 47071068 A0
CYUNDER 411.4 2 PILO

'
UNIT 8
CYUNDER:1 A6 2 PILO

,

h UNIT 9
CYUNDER 2 i A6 2 PILO
CYUNDER 0116 2P!LO

'
HOLE 710 LO A0
NOLE82*L0A0
HOLE 7AD10At,

HOLE 8 1010At
|. HOU 7 10 2*At * ~

h HOLE 8 2*.10 A0

L HOLE 7 A0 -10 A0
HOLE 8 2PLO A0

|1 CYUNDER 4118 2 PILO

] CUBOLD 014NG 2 PILO
|t END GEOM

READ ARMY NUX=1 NUYoi NUZ=1 flLL 9 END ARMY'

READ PLOT TTL 'X.YSUCE AT Z MIDPOINT. NESTED HOLES *
XUL=41 YUL= Al ZUL=lle XLR Al YLR=41 ZLR=16
UAX=l.0 VDN=.l.0 NAX 260 NCH.* * X* END PLOT
END MTA

'

END

. . ~ . .. .,7....__._- .- .-- . . . - . . . . _ .
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L Fig. F11.5.1lb. Right half of printer plot
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Fl1.5.6.3 Multiple Arrays

Section Fil.5.6 demonstrates how units are composed of geometry regions and how these units can
be stacked in an array. This same procedure can be extended to create multiple arrays. Furthermore,
arrays can be used as building blocks within other arrays.

''

Consuler Sample Problem 12 from Sect. Fil.D. The description of this sample probica is restated
below as Sample Problem 19.

This problem is a critical experunent consisting of a composite array 3 of four highly enriched ura-3

nium metal cylinders and four cylindncal Plexiglas containers fdled with uranyl nitrate solution. The
metal units in this expenment are designated in Table II of ref. I as cylinder index 11 and reflector
index 1. A photograph of the expenment is given in Fig. Fil.D.3. The coordinate system is defined to
be z up the page, y across the page, and x out of the page.

The Plexiglas contamers have an inmida radius of 9.525 cm and an outside radius of 10.16 cm. The
inside height 3017.78 cm and the outside height is 19.05 cm. Four of these containers are nam with
a center-to-center spacing of 21.75 cm in the *y" direction and 20.48 cm in the *z' direction (vertical).
This arrangement of four Plexiglas containers can be described as follows: mixture 2 is the uranyl
nitrate and mixture 3 is Plexiglas, so the Plexiglas container with its appropriate spacing cuboid can be
described as Unit 1. This considers the array to be bare and suspended with no supports.

l
UNIT 1
CYLINDER 219.525 2P8.89,

' CYLINDER 3110.16 2P9.525
CUBOID 014P10.875 2P10.24

The array of four F1.xid containers can be described as array 1 in the array data as follows:

AM-1 NUX= 1 NUY= 2 NUZ-2 FILL F1 END FILL
.

The four metal cylinders each have a radius of 5.748 cm and are 10.765 cm talt They have a
center-tenter spacing of 13.18 cm in the "y* J Gus and 12.45 cm in ".e "z" direction (vertical).
Thus, one of the metal cylinders with its appropnate spacmg cuboid can b mxribed as Unit 2. This

,

array is also considered to be bare and unsupported.

* UNW 2
'

; CYLINDER I 1 5.748 2P5.3825
CUBOID 01 4P6.59 46.225 ,4

The array of four metal cylinders can be described as array 2 in the array data.
1

AM-2 NUX-1 NUY-2 NUZ-2 FILL F2 END FILL;

Now two arrays have been described. The overall dimensions of the array of Plexiglas containers is
21.75 cm in x, 43.5 cm in y, and 40.96 cm in z. The overall dimensions of the array of metal
cylinders is 13.18 cm in x,26.36 cm in y, and 24.9 cm in z.

.- ...,
. _
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:

In order to describe the composite array, these two arrays must be stacked together into an array. ~S i

in order for them to be stacked into an array, the adjacent faces must match. This is accomplished by
defining a Unit 3 which contains array 1, the array of Plexiglas solution containers. The overall dimen-
sions of this unit are 43.5 cm in x and y and 40.% cm in z. These dimensions are calculated by the
code and need not be specified. Unit 3 is defined as follows:

.

UNIT 3
ARRAY I 3*0.0

[ The array of metal cylinders will be defined to be Unit 4. However, this array is smaller in the y and z
| dimensions than the array of Plexiglas units. Therefore, a void region must be placed around the array
'

in those directions so Unit 4 and Unit 3 will be the same size in y and z. This is accomplished by-

using a refiertor card as follows:

.

UNIT 4
*

ARRAY 2 3*0.0
REPLICATE 012*0.0 2*k37 2*8.03 i

Now that Unit 3 and Unit 4 have been defined, they must be placed in the global or universe array.
*

This is done in the array data and the global array number is set to 3 as follows:

GBL-3 ARA =3 NUX-2 NUY-1 NUZ-1 FILL 43 END FILL
4

This completes the geometry description for the problem. Ilic complete input description for the prob- p
tem is given below.11:e nuclide ID's are for the 16 group Hansen Roach working format library. %/,

1

.

9

i

i
,

4

Y

I

!
.

,

&

.

:

.. . . . . . . . - -

__ _ _ _ _ - ._ _ - ._ - - _. -



- _ . . _ _ - - -

2

F11.5.41

| = KENO 3

| SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARMY OF ARMYS
' READ PAMM UB=41 RUN-NO END PAMM

READ MIXTSCT-1 MIX-1 92860 3.2275-3 925014.4802-2 MIX-2 1102 5.81-2
71001.9753-3 8100 3.6927-2 923019.N71-4 92860 7.7697-5
MIX =3 6100 3.5552-2 1102 5.6884-2 81001.42212 END MIXT |,

READ GEOM
UNITI
CYUNDER 219.525 8.89 -L89
CYUNDER 3110.16 2P9.525 .

CUBOID 014P10.875 2P10.24'

UNIT 2
CYUNDER 113.748 2PS.3825 -

CUBOID 014P6.39 2Pt 325
UNIT 3
ARM Y I 3*0.0
UNIT 4
ARMY 2 3*0.0
REPLICATE 012*2.0 2*8.57 2*8.031
END GEOM
READ ARMY AM-l NUX-1 NUY=2 NUZ-2 FILL F1 END FILL
AM-2 NUX=1 NUY=2 NUZ-2 FILL F2 END FILL GBL=3 AM-3 NUX-2 NUY-1 NUZ-1
FILL 4 3 END FILL
END ARMY

'
() READ PLOT TTL='X-Y SUCE AT Z-10.24'

' \ ../ XUL=.I.0 YUL-44.5 ZUL=10.24 XLR=35.93 YLR=-1.0 ZLR=10.24
i UAX=1.0 VDN --l.0 NAX =l.10 NCH=* *..' PIC= MIX END

TTL='X-Z SUCE AT Y-10.875'
XUL=-1.0 YUL-10.875 ZUL-41.96 XLR=35.93 YLR=10.875 ZLR=-1.0
UAX=1.0 WDN=-1.0 FIC= MIX END END PLOT

j END DATA

{ END i

.
*

A printer plot of an x.y slice taken through the bottom layer of the array is shown in Fig. Fl!.5.12.
A printer plot of an x.z slice taken through the left half of the array is shown in Fig. Fil.5.13. These
printer plots were used to verify the geometry mock-up.
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Fi1.5.44

STORAGE ARRAY N

Consider a storage array of highly enriched uranium buttons, each I in. tall and 4 in. in diameter.
These buttons are stored on stainicas steel shelves with a center-to center spacing of 2 ft between them.
The shelves are 1/4 in. thick,18 in. wide, 20 ft long, and are 18 in. from the top of a shelf to the bot-
tom of the shelf above it. Each rack of storage shelves is four shelves high, with the first shelf being
6 in. above the floor. The storage room is 19.5 ft in the x direction by 43 ft in the y directum with
12-ft ceilings in the z direction. De walls, ceiling, and floor are composed of concrete, I ft thick. All
the aisles between the storage racks are 3 ft wide. The racks are arranged with their length in the y
di sction and an aisle between them. The array of racks are arranged with two in the y direction and
five in the x direction. Mixture 1 is the uranium metal, mixture 2 is the stainless steel, and mixture 3 is,

! the concrete.

First, describe the metal button and its center.to-center spacing. The void vertical spacing has arbi-
trarily been chosen to extend from the bottom of the button to the next shelf above the button. The
shelf of stainless steel is described under the button.,

,

UNITI
CYLINDER I I 3.082.340.0
CUBOLD 01 2P22.86 2P30.48 45.72 0.0
CUBotD 21 2P22.86 2P30.48 45.72 635

Array I creates an array of these buttons that fills one shelf. Unit 2 then contain.s one of the shelves
shown in Fig. Fil.5.14.

.

AM-1 NUX=1 NUY-10 ' NUZ-1 FILL FI END FILL

UNIT 2

|
ARMY I 3*0.0

Stack four Unit 2's vertically to obtain one of the racks shown in Fig. Fil.5.14. One rack is defined by
array 2.

AM-2 NUX-1 NUY-1 NUZ 4 FILL F2 END FILL

Generate a Unit 3 that contains a rack of shelves and a Unit 4 that is the aisle between the ends of the
two racks in the y direction.

UNIT 3
ARMY 2 3*0.0,

1 UNIT 4
' CUBOID 01 2P22.86 2P45.72 135.42 0.0
P

Stack Units 3 and 4 together in the y direction to create Unit 5 which contains both racks in the y
direction and the aisle between them. His is the configuration shown in Fig. Fil.5.14.
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ARA-3 NUX=1 NUY-3 NUZ-1 FILL 343 END FILL -)
UNIT $
ARRAY 3 3*0.0

Create a Unit 6 which is an aisle 3 ft wide in the x direction and 43 ft in the y direction (full length
of the room).

P

UNIT 6
CUBOID 01 91.44 0.0 1310.64 0.0 185.42 0.0

Stack Units 5 and 6 in the x direction to achieve the array of racks in the room. Then put the 6.in.
spacing below the bottom of the racks, the spacing between the top of the top rack and the ceiling, and

!| add the concrete floor, walls, and ceiling stound the array. Array 4 describes the array of racks in the
room. The core description encompasses this array, and the first reflector descriptions are used to addi

/ the spacing between the top rack and the ceiling. The last two reflector descriptions add the ceiling,

| walls and floor. A perspective of the room is shown in Fig. Fil.5.15.

U GBL-4 ARA =4 NUX= 9 NUY-I NUZ 1 FILL $ 6 3Q2 $ END FILL

CORE 413*0.0
REPLICATE 01 4*0.0 165.1 15.24 1 -

,

REPLICATE 3 2 6*$.0 6 s
REPLICATE 3 8 6*0.48 i O'

1

The final mock-up for this room is given below: 'Itc printer plots for this problem must be quite'

large in order to see all the detail because the array is sparse and the shelves are thin. Therefore, the
printer plots for this system are not included as figures. The user can generate the printer plots if it is,
desirable to see them. The first two plots are two pages wide and the last on- is only one page wide.

! The nuclide ID's used in this problem are for the 16-group Hansen Roach working format library.

l
:

a
&

!
t

t

)
1

%

o

M

s
[

r

!
- . . , . . _ _ .

- ,-,-----r - , . . ~ . , ,.,% , , - - , - - . - - - , - - , - - -- -



9

Fil.5.47

I

i M' i
i \\\\ i

%\\\\\\\ !

p%\\\\\\\\\\, !
qqy<e~
gggh%gx.o

xg\\\w%\\%%~yAggy.

% \\ % % \N R y
\\\ % \ wt

\\\ M C'
' NW

'

.
.

-,

,
, . , . . . , . .



_ _ _ - - - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ .

.,.

Fi1.5.48

-KENOS ''
STOMGE ARMY
READ PAMMETERS TME=l.0 FDN YES UB-41
END PAMMETERS
READ MIXT SCT=1 MIX-192500 4.48006 2 92800 2.6578-3 92400 4.827-4
92600 9.57 5 MIX.2 2001.0 MIX 3 301 i END MIXT
READ GEOMETRY
UNITI
CYUNDER I I 5.N 154 0.0
CUBOLD 012P22.N 2P3A48 45.72 A0
CUBOID 212P22.N 293A48 45.72 -A635
UNIT 2
ARM Y I 3*A0
UNIT 3
ARMY 2 3*0.0

t UNIT 4
CUBOID 012P22.N 2P45.72185.42 A0
UNIT $
ARMY 3 3*0.0
UNIT 6.

CUBOLD 0191.44 0.01310.64 0.0185.42 0.0
CORE 413*A0
REPLICATE 014 4.0165.115.241
REPUCATE 3 2 6*5.0 6,

REPUCATE 3 8 6*0.481

*}.
*

END GEOMETRY ,.

READ ARMY
AM-l NUX-l NUY-10 NUZ-1 FILL F1 END FILL
AM 2 NUX=1 NUY-1 NUZ-4 FILL F2 END FILL
AM-3 NUX-1 NUY-3 NUZ-1 FILL 3 4 3 END FILL
GBL-4 AM-4 NUX-9 NUY-1 NUZ-1 FILL $ 6 3Q2 5 END FILL

' END ARMY
READ BIAS ID=3012 8 END BIAS

l READ START NST-4 TFX. A0 TFY A0 TFZ. A0 NBX=5 END START
READ PLOT PLT NO TTL 'X-Z SUCE AT Y-3A48 WITH Z ACROSS AND X DOWN'
XUL-594.8 YUL-3A48 ZUL -l.0 XLR=-0.5 YLR=3A48 ZLR-186.0
WAX =1.0 UDN=-1.0 NAX 260 NCH=* *A* END
TTL 'Y-Z SLICE OF LEFT MCKS, X-22.N WITH Z ACROSS AND Y DOWN'
XUL-2LN YUL-1311.0 ZUL.-0.5 XLR-2LN YLR=-3.0 ZLR-186.0
WAX l.0 VDN= I.0 NAX-260 END
TTL='X Y SUCE OF ROOM THROUGH SHELF Z- A3175 WITH X ACROSS AND Y DOWN' ^
XUL=-l.0 YUL 13110 ZUL A3175 XLR=596.0 YLR= 2.5 ZLR=0.3175

| UAX=l.0 VDN L0 NAX-130 END
,

END PLOT
END DATA
END

' = .. .
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Fl1.5.6.4 Sirrays and Holes
a

Sections Fil.5.6.1 and 2 describe the use of holes and Sect. Fil.5.6.3 describes multiple arrays
and arrays of arrays. Holes can be used to place arrays at locations that ,ould have been impossible
with earlier geometry restrictions. This section contains examples to illustrate the combined use of
arrays and holes.

EXAMPLE L A SIMPLE CASK
,

Consider a cylindrical mild steel container having an inside radius of 4.15 cm and a radial wall
thickness of 0.45 cm. The thickness of the ends of the container is 1.27 cm and the inside height is
10.1 cm. Highly enriched uranium rods I cm in diameter and 10 cm long are banded together into'

square bundles of four. These bundles are then positioned in the mild steel container as shown in
Fig. Fil.5.16. The rods sit on the floor of the container and have a 0.1-cm gap between their tops
and the top of the container.

ORNL-DWG 83-10097
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Fig. Fil.5.16. Uranium rods in a cylindrical container

To generate the geometry description for this system, define Unit I to be one uranium rod and its
,

associated square pitch close packed spacing region.

UNITI
CYLINDER ! l 0.5 2PS.0,

CUB 0lD 01 4PO.$ 2PS.0
|

Define array I to be the central square array consisting of four bundles of rods.

.._ .,-.
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ARA-l NUX= 4 NUY.4 NUZ-1 FILL FI END FILL 3

Define array 2 to be a bundle of four rods.
ARA-2 NUX-2 NUY-2 NUZ-1 FILL F1 END FILL
Now place array 2 in Unit 2. This defines the outer boundaries of an imaginary cuboid that contains

i the array. It is convenient to have the origin of the array at its center, so the most negative point of the
array will be (-l,1,5).

UNIT 2
ARRAY 2 -1.0 -1.0 '-5.0

A core description is used to place array 1 in the global unit. Then the cylindrical container is
described around it and holes are used to place the four outer bundles around the central array.

.

CORE I -2.0 -2.0 -5.0
CYLINDER 014.155.1-5.0
HOLE 2 0.0-3.00.0
HOLE 2 3.0 0.0 0.0
HOLE 2 0.0 3.0 0.0
HOLE 2 -3.0 0.0 0.0
CYLINDER 214.66.37-6.27 +

The first hole places the bottom bundle of four rods, the second hole places the bundle of four rods at
the right, the third hole places to top bundle of rods and the fourth hole places the left bundle of rods.

The overall problem description is shown below. Two of the printer plots used for verification of h
this mock.up are shown in Figs. Fil.5.17 and F11.5.18.
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t.

* = KENOS

.
CASK ARMY

| READ PAMMETERS TME=1.0 FDN= YES LIB-41 GEN =10
END PAMMETERS'

READ MIXT SCT-l MIX =192500 4.48006-2 92800 2.6578-3 92400 4.827-4
92600 9.57-5 MIX-21001.0 END MIXT
READ GEOMETRY
UNITI

*

CYLINDER I I 0.5 2F5.0
CUBOID 014P0.5 2PS.0 (

UNIT 2
ARM Y 2 -1.0 -i.0 -5.0
CORE I i -2.0 -2.0 -5.0

'. CYLINDER 014.15 5.1 5.0
hHOLE 2 0.0 -3.0 0.0

HOLE 2 3.0 0.0 0.0
HOLE 2 0.0 3.0 0.0 .

HOLE 2 3.0 0.0 0.0
CYLINDER 214.66.37-6.27
END GEOM
READ ARMY
AM-l NUX 4 NUY-4 NUZ-1 FILL F1 END FILL
AM-2 NUX-2 NUY 2 NUZ-1 FILL FI END FILL
END ARMYq
READ PLOT TTL='X-Z SLICE AT Y=0.25 WITH X ACROSS AND Z DOWN'i 1

. XUL=-5.0 YUL-0.25 ZUL-6.5 XLR=5.0 YLR=0.25 ZLR=-6.5
UAX=1.0 WDN=-l.0 NAX-130 NCH=* *0' END
TTL='X-Y SLICE AT Z-0.0 WITH X ACROSS AND Y DOWN'
XUL=-5.0 YUL=$.0 ZUL=0.0 XLR=$.0 YLR=-5.0 ZLR=0.0

. VAX= 1.0 VDN=-l.0 NAX-130 END
,

END PLOT

] END DATA
; END

.
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Fig. Fl1.$.19. Typical PWR shipping cask

i
To describe the geometry of the cask, start by defining some simple units as shown in

Fig. F11.5.20. }
|
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ORNL-DWG 83-14792

UNIT 1 UNIT 2 UNIT 3 UNIT 4 UNIT 5 UNIT 6

O O
.

Fig. F11.5.20. Simple units

Unit I represents a fuel rod and its associated square pitch spacing regen. Unit 2 represents a water
hole in a fuel assembly. i

.

UNITI
CYLINDER I i .41148 365.76 0.0
CYLINDER 2 I .48133 365.76 0.0 -

CUBOID 3 I.63754 63754.63754 63754 365.76 0.0

UNIT 2
CUBOID 3 I .63754 63754.63754 ~63754 365.76 0.0

[

] Units 3,4, and 6 represent the B.C rods with their various spacings, and Unit 5 is a water hole that isi

used in association with some of the B.C rods.
.

UNIT 3
CYLINDER 4 I .384 365.76 0.0
CYLINDER $ 1.635 365.76 0.0

> CUBOLD 3 I .Ml2 .Ml2 2.2352.l.27 363.76 0.0
!,

UNIT 4
CYLINDER 4 1.384 365.76 0.0
CYLINDER $ 1.635 365.76 0.0
CUBOID 3 I .M12 .Ml21.2702 2.235 365.76 0.0

.

UNIT $ .

CUB 0lD 3 I .Ml2 .M121.7326 l.7526 365.76 0.0
I
a
f

UNIT 6
CYLINDER 4 1.384 345.76 0.0
CYLINDER $ I .635 365.76 0.0
CUBOID 311.1873215.l.18732151.8837N 1.8837% 365.76 0.0

. _ . ,
,
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Fil.5.56

Units I and 2 are stacked together into array I to form the array of fuel pins and water holes in a fuel T,

assembly as shown in Fig. Fil.5.21. This array is then encompassed with a layer of water and a layer
of stainless steel to complete a fuel assembly (Unit 7) as shown in Fig. Fil.5.22.

.
ARA =1 NUX-17 NUY-17 NUZ-1 TILL
39RI 2 2Q3 8R12 9RI 2 22R12 4Q3 38RI 2 4Q3
QS122RI 2 Q10 Q9 2Q3 39RI END FILL

UNIT 7 ARRA Y I .10.83818 10.83818 it.0
CUBOID 3 I i1.112495 -11.112495 11.112495 .I1.112495 365.76 0.0
CUBOID 8 I 11.302238 -11.302238 11.302238 -11.302238 365.76 0.0

.

.
.

'

ORNL-OWG 83-14793

i
ARRAY 1

,

2 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 g
2 0 0 0 0 0 0 0 0'

O O O O O O'

: 2 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
nn n n _nn; .

t

Fig. Fil.5.21. Quarter section of fuel pin array
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ORNL-DWG 8314794

UNIT 7

) O O O O O O O O
2 0 0 0 0 0 0 0 0 ,

.
'

O O 0 0 0 0 0 /
2 0 0 0 0 0 0 0 <

) O 0 0 0 0 0 0 0>

O O O O O O' '

2 0 0 0 0 0 0 0 0'

2 0 0 0 0 0 0 0 0
nn_ n n _nn_

i

j Fig. Fil.5.22. Quarter secuan of fuel assembly.

O'

! An array of Unit 6's is created to represent the array of B4C rods that is positioned between the fuel
assemblies. This array of B C rods is contained in Unit 8 m shown in Fig. F11.5.23.6 4

AM.2 NUX.2 NUY 6 NUZ-I FILL F6 END FILL

UNIT 8 ARMY 2 0 0 0

The next step is to create the central array of three fuel assemblies with B C rods between them.4

This is done by stacking fuel assemblies (Unit 7) and B C rod arrays (Unit 8) into an array (array 3)4

and placing it in a unit (Unit 9). The resultant geometry is shown in Fig. Fil.5.24.

AM.3 NUX-5 NUY-1 NUZ-1 FILL 7 8 7 8 7 END FILL*

UNIT 9 ARMY 3 0 0 0.

i
1
,

f

.

f

n e
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ORNL-OWG 8314800 3

UNIT 8 (ARR AY 2)

O O

O O
.

'

O O..
-

..'; O O-

,

.1

O O
It

O O
7

v

.

; Fig. Fil.5.23. 2 x 6 array of B.C rods. i}
,

j
' ' ORNL-DWG 8314801 ,

UNIT 9*
.

.

|| [ ^ ,&
UNIT 7 UNIT 8

.i r

.,
'

*

OO OO-

,.

U OO OO
OO OO
OO OO *

h OO OO
li OO OO.

'l. OO OO

J

Fig. Fl1.5.24. Central array
, s
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Fil.5.59

Units 3,4, and 5 are used to define the arrays of B.C rods that fit above and below the central
array a shown in Fig. Fil.5.25.

AM-4 NUX=39 NUY-1 NUZ-I FILL 3 3 2Q2 3 4 2Q2 3 4 3 2Q2 5 3 4 2Q2 3 4 3 2Q2 5 2Q2 3
END FILL

UNIT 10 ARM Y 4 0 0 0
.

AM-5 NUX-39 NUY-1 NUZ 1 FILL 4 5 2Q2 4 3 2Q2 5 3 4 2Q2 3 4 3 2Q2 5 3 4 2Q2 5 2Q2 4
END FILL

UNIT 11 ARMY $ 0 0 0
.

ORNL-DWG 8314802

UNIT 10 (ARRAY 4)

o 0 0 0 0 0 o 0 0 0 0 0O O O 0 0 0 0 0 0 0 0 0 0 0 0 O O O

,!

O UNIT 11 (ARRAY 5)
'

o o o o 0 0 0 0 0 0 0 0 o 0 o o o o0 0 0 0 0 0 0 0 0 0 0 0

Fig. Fl1.5.25. l.ong B.C rod arrays.
,

;

Units 9,10, and 11 are stacked to form the central array with B.C rods as shown in Fig. Fil.5.26.

AM-6 NUX=1 NUY-3 NUZ-1 FILL 119 10 END FILL

This completes the three central fuel assemblies and all the B.C rods associated with them. Next,
Units 7 and 8 are stacked together to form the array of two fuel assemblies separated by B.C rods as,

shown in Fig. Fil.$.27. This is designated as array 7 and Unit 12. The origin of Unit 12 is specified
at the center of the array in the x and y directions and the bottom of the fuel assemblies are at
z 27.94 cm.

,

'

AM = 7 NUX=3 NUY=1 NUZ-I FILL 7 8 7 ENDFILL

UNIT I2 ARMY 7 24.9795I9.I1.302238 27.94

. __

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ . _ _ _ _ _ - _ _ _



,. . .
.

_

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

*
e

Fil.5.60

ORN L-OWG 8314803 T

ARRAY 6

0 0 0 0 0 0 0 0 0 0 0 0
O O O 0 0 0 0 0 0 0 0 0 0 0 0 O O O

OO OO
OO OO
OO OO .

OO OO
OO OO
OO OO
OO OO

O O OOP O O Ob O 0 0 0 O O OO OO O O P O O O O O 0 0 0

Fig. Fil.5.26. Central array with long B.C arrays .

ORNL-DWG 8314804

UNIT 12 (ARRAY 7) *

,

! oo

oa

oO

oo

oo

oe

Fig. Fil.5.27. Two fuel assemblies and B C rods

Unit 13 is simply a cylindrical lid that fits on top of the shipping cask. It is described relative to the
origin of the shipping cask and is made of depleted uranium.

UNIT 13
CYLINDER 6147.625 457.2 449.58 ^

t

The shipping cask is completed by specifying the origin of array 6 (see Fig. Fil.5.26) to be at the
center of the array in x and y and the bottom of the array is at :-27.94 cm. Note that the three
dimensions specified when an ARRAY is placed in a unit are the coordinates of the most negative point .

in the array with respect to the origin of the unit that contains the array. A cylinder of water defining
the interior of the shipping cask is described around the array. A HOLE is used to place a Unit 12
(Fig. Fil.5.27) below the array and a second HOLE is used to place another Unit 12 above the array.-

Then a cylinder of steel is placed around the water, which is in turn encased by depleted uranium. The .),

. . , , . , _ _ . . _ . . .
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depleted uranium is then contained in the outer steel cylinder of the shipping cask. A third HOLE is
used to place the depleted uranium lid (Unit 13) on the shipping cask. This completes the shipping

*

cask description of Fig. Fil.5.19.

ARRA Y 6 38.6568 14.807438 27.94
GLINDER 3147.625 447.N 16.5!
HOLE I2 0.0 26.1097 0.0
HOLE I2 0.0 26.1097 0.0
GLINDER 7 I 48.895 447.N 13.335
GLINDER 61 $9.N 447.N 3.81 '

GLINDER 7 1 63.01 442.28 0.0
HOLE I3 0.0 0.0 0.0

Array 6 is the global array for this problem and is therefore not preceded by a unit definition. It
defines the coordinate system for the overall problem. The geometry data for this shipping cask are
shown below. The plot data have been included for verification of the geometry description. However
the plot generated by this data is quite large and is therefore not inclujed in this document.

.
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READ GEOM )UNITI
L'u CYUNDER I I .41148 NL76 A0

CYUNDER 2 I.NIJ3 36L76 A0
CUBOID 3 I .63734 s63734.63734 63734 36L76 A0
UNIT 2
CUDOID 3 I.63734 63734.63734 63734 36L76 A0
UNIT 3
CYUNDER 41.3N 36L76 A0

' CYUNDER '$ 1.633 36L76 A0
CUBOID 3 i.9912 9912 2.2332.L27 NL76 At
UNIT 4
CYUNDER 4 I.3N NL76 A0 , .

CYUNDER 3 I.633 36L76 A0
CUBOLD 3 I.9912 9912 L2702 12i5HKTG A0
UNIT $
CUBOID 1 I .9912 9912 L73N -1.73N %K76 A0 '

UNIT 6
CYUNDER 4 I.3N 36L76 AG

'
- CYUNDER 3 I.633 36L76 A0

CUBOID 3 i L1873213 L1073213 L883706 -L88J.*96 36L76 A0s

UNIT 7 ARMYI lA83818 lA33818 A0
CUBOID 3 I !!.192491.lLII2495 !!.!!2495.ILII2495 36L76 A0
CUBotD 8 I i1.302238.lL302238 Lt302238 IL302238 36L74 A0-

UNIT 8 ARM Y 2 0 0 0 ,

1 UNIT 9 ARMY 3 0 0 0
UNIT 10 ARMY 4 0 0 0
UNIT 11 ARMY $ 0 0 0
UNIT 12 ARMY 7 2L979519.IIJ02238 27.N

i
UNIT 13
CYUNDER 6147.623 457.2 N9.38

!z ARM Y 6 3A6368.lL897438 27.N -S''

*CYUNDER 3147.623 NT.N IL31
?. HOLE 12 At .2A1097 A0

,
'' HOLE 12 C.4 2LIO97 K0

CYUNDER 714A891 N7.N IL333'

,

CYUNDAR 4139.06 MT.N L81
' CYUNDER 71 63.01 N2.28 A0

HOLE 13 A0 LO A0
E END GEOM
'
; RMD ARMY .

t AM-l NUX-17 NUY= *fNUZ-1 FILL'
39RI 2 2Q3 3R12 9RI 212RI 2 4Q3 38R12 4Q3 . ,

QSI 22RI 2 Ql0 Q9 2Q319R1 END FULL
AM=2 hUX 2 NUYnG NUZ=1 FILL F6 END FILL
AM=3 NUX-1NUYet NUZ 1 !!LL 7 8 7 8 7 CND FULL
AM.4 NUX 39 NUY ! NUZ=l FILL 3 3 2Q2 3 4 2Q2 3 4 3 2Q2 3 3 4 2Q2
3 4 3 2Q2 3 2Q2 3 END FILL
AM.s NUX=39 NUY.! NUZ=l FILL 4 3 2Q14 3 2Q2 3 3 4 2Q23 4 3 2Q2 .

3 3 4 2Q2 3 2Q2 4 END FILL
AM=6 NUX=1 NUY=3 NUZ=l !!LL 119 10 END FILL

'

; AM 7 NUX=3 NUY=1 NUZ.1 FILL 7 8 7 ENDFILL
i END ARMY

RMD PLOT
A TTL=? SHIPPING CASK 1F.300 X.YSUCE !
'

XUL=.63 YUL-63 ZUL-IN XLR=63 YLR=.43 ZLR=lN
UAX=1 VDN=-1 NAX=330
PLT =NO
END PLOTs

,t
,

'
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F11.5.6.5 Specification of the Global System

KENO geometry data must be correlated to an absolute coordinate system. In the past, the code
was responsible for determining this coordinate system. KENO V.a allows the user to define the abso-
lute coordinate system by specifying the global unit. If the user does not exercise this option, the code
will assign the default as before. The use of the word GLOBAL in the geometry region data is used to
specify the global unit. A global array is required only when a problem consists of a bare array and
thus has no global unit. In that event, the user can speciff the global array by entering GBL- in the
array data.

In the geometry region data for a problem, the word GLOBAL preceding a UNIT NUMBER
DEFINITION or an ARRAY PLACEMENT DESCRIPTION specifies that unit to be the global
unit. Only one global specification should be used in a problem. If GLOBAL is entered more than
once in the geometry region data, the last entry defines the global system. De specification of a global
unit, whether manually or by default, overrides the manual specification of the global array in the array
data. Entering the word GLOBAL in the geometry region data always overrides the use of GBL- in
the array data.

By default, the global unit is defined to be the last ARRAY PLACEMENT DESCRIPTION that
does not immediately follow a UNIT NUMBER DEFINITION. The associated surrounding geometry,
if any, is the external reflector. The default global array is the array referenced by the global unit or,
in the absence of a global unit, the largest array number specified in the array data. If an array is
referenced by the global unit, it is always the first geometry region in the global unit (i.e., an ARRAY
PLACEMENT DESCRIPTION is the first geometry region in that unit.) The array number of the
ARRAY PLACEMENT DESCRIPTION specifies the array that is contained in the unit. This array
may contain other arrays, nested to any level However, the global array is the one that is consideredmI to be in the global unit, just as each subsequent array within the global array is considered to be within
the unit that contains it. If the global array specified in the array data (GBL=) is inconsistent with the
specification of the global array in the geometry region data, an error message will be written and the
problem will not run. Some examples of global specification follow.

EXAMPLE I. Consider the 2x2x2 array of sample problem I shown in Fig. Fil.D.I. The array
consists of four identical units in each of two lawm. The geometry for this problem is listed below. By
default, the global array is array 1. The most rMive point of the array is located at the origin so the
array extends from x=0.0 to x=27.48, y=0.0 to y. 148 and z-0.0 to z-26.02.

SAMPLE PROBLEM i CASE 2C8 BARE
READ GEOMETRY
CYLINDER I 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
END GEOMETRY
READ ARRAY NUX-2 NUY-2 NUZ-2 END ARRAY

EXAMPLE 2, Case 1. Consider the 2x2x2 reflected array of sample problem 3 shown in
Fig. Fil.D.2. The array consists of four identical units in each of two layers. The array is reflected
by 15.24 cm of paraffin. De geometry for this problem is listed below. By default, the global unit is
the unit whose first geometry region is CORE. Note that the array number following the word CORE
is defaulted to 1 if a zero is entered. Array 1 is contained within this unit and is thus the global array.
In this geometry description, the most negative point of array 1 is located at (-23.48,-23.48,-22.75) rela-
tive to the origin of the global unit. Thus the array extends from x--23.48 to x-+23.48, y--23.48 to
y- + 23.48, and z--22.75 to z- +22.75. He overall system extends from x--38.72 to x-+38.72,
y--38.72 to y- +38.72 and z- 37.99 to z-+37.99.

. . . _ . , . ~ . _ . . , _
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SAMPLE PROBLEM 3 2C8 15.24 CM PAMFFIN REFL M ,

READ ARMY NUX=2 NUY-2 NUZ-2 END ARMY
READ GEOM
CYLINDER I 1 3.742 3.3825-$.382$
CUBOID 0 I 11.74 -11.7411.74 -11.7411.375 -11.375
CORE 01 -23.H -23.6 -22.75
CUBOID 2 2 26.48 -26.H 26.M -26.M 25.75 -25.75

V CUBOID 2 3 29.48 -29.48 29.M -29.48 28.75 -28.75
CUBOLD 2 4 32.M -32.H 32.48 -32.M 31.75 -3L75
CUBOID 2 3 33.48 -35.48 35.48 -35.48 34.75 -34.75
CUBOID 2 6 38.72 -38.72 3L72 -38.72 37.99 -37.99-

. END GEOM

i

EXAMPLE 2, Case 2. The 2x2x2 reflected array of sampic problem 3 above could also have been
described by explicitly specifying the global unit as shown below. The geometry remains unchanged
and the results will be identical A third method would be to omit the ' UNIT 2." Again the geometry
and results will be unchanged.

SAMPLE PROBLEM 3 2C8 15.24 CM PAMFFIN REFL
READ ARMY NUX-2 NUY-2 NUZ-2 END ARMY
READ GEOM

i CYLINDER I I 5.748 5.3823 -3.3825
'

CUBOID 01 11.74 -IL7411.74 -11.7411.375 -11.373
GLOBAL
UNIT 2 ;Q
CORE 01 -23.48 -23.48 -22.75 J

.' CUBOID 2 2 26.48 -26.48 26.48 -26.48 23.75 -25.75.

CUBOID 2 3 29.48 -29.48 29.M -29.48 28.75 -28.75
| CUBOLD 2 4 32.48 -32.48 32.48 -32.48 31.75 -31.75
|' CUBOID 2 3 35.48 -35.48 35.48 -35.48 34.75 -34.75

CUBOID 2 6 38.72 -38.72 38.72 -3& 72 37.99 -37.99

| END GEOM

}
i' EXAMPLE 3, Case 1. Consider sample problem 15 illustrated in Fig. Fi1.D.6. His problem

requires the use of two different units to describe the geometry. Unit ! describes the portion of the|'
sphere that extends into the Plexiglas collar, the Plexiglas collar and a cuboid of water tight fitting
around them. Unit 2 describes the portion of the sphere that is above the Plexiglas collar, surrounded

]- by a cuboid of water having an edge dimension the same as the diameter of the Plexiglas collar and a
height equal to the partial sphere. Dese two units are stacired with Unit 2 on top of Unit 1. The
global unit is the geometry external to the array (the CORE, CYLINDER and REPLICATE). Tinc

; global unit is cylindrical in shape and has its origin at the center of the array (0,0,0). The most nega-
i tive point in the array is positioned at (-12.7,-12.7,-7.092175). Thus the array extends from x=-12.7 to

x. +12.7, y=-12.7 to y= +12.7, and z=-7.092175 to z= +7.092175.

.
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SAMPLE PROBLEM 15 SMALL WATER REFLECTED SPHERE ON PLEX 1GLAS COLLAR
'

READ GEOM '

UNITI
HEMISPHE-Z l ! 6.5537 CHORD -5,09066

CYUNDER 314.1275 $.09066 -7.63N5
CYLINDER 2112.7 -5.09064 -7.63NS
CUBOID 314P12.7 -$.09066 -7.63N$
UNIT 2
HEMISPHE+Z l 16.5537 CHORD 5.09066
CUBOID 314P12.7 6.5537 -5.09066
CORE 01 -12.7 -12.7 -7.092175
CYUNDER 3117.97 2P7.0922
REPUCATE 3 2 3*3.0 $
END GEOM '

READ ARRAY NUX=1 NUY=1 NUZ-2 FILL 12 END ARRAY

EXAMPLE 3, Case 2. Consider sample problem 15 described above. Again define Unit I to con-
tain the portion of the sphere that extends into the Plexiglas collar, the Plexiglas collar and a cuboid of
water snugly surrounding them. Unit 2 contains the portion of the sphere that is above the Plexiglas
collar, surrounded by a cuboid of water having an edge dimension equal to the diameter of the Plexiglas <

collar and a height equal to the partial sphere. These two units are stacked with Unit 2 on top of Unit
1. The global unit is the geometry external to the array (the CORE, CYLINDER and REPLICATE).
The global unit is cylindrical in shape and has its origin at the center of the sphere (0,0,0). The most
negative point in the array is positioned at (-12.7,-12.7,-7.63065). Thus the array extends from x=-12.7
to x= + 12.7, y=-12.7 ta y= + 12.7, and z=-7.63065 to z= +6.5537.--

SAMPLE PROBLEM 15 SMALL WATER REFLECTED SPHERE ON PLEXIGLAS COLLAR
READ GEOM
UNIT 1
HEMISPHE-Z l 16.5537 CHORD -5.09066
CYUNDER 314.1275 -5.09066 -7.63NS
CYUNDER 2112.7 -3.09066 -7.63NS
CUBOLD 314P!2.7 -$.09066 -7.63NS
UNIT 2
HEMISPHE+Z l 16.5537 CHORD 5.09066
CUBOID 314P12.7 6.5537 $.09066
CORE 01 -12.7 -12.7 -7.63065
CYUNDER 3117.97 6.5537 -7.63N$
REPUCATE 3 2 3*3.0 $ .

END GEOM
READ ARRAY NUX=1 NUY=1 NUZ=2 FILL i 2 END ARRAY

EXAMPLE 3, Case 3. Consider sample problem 15 as described above. The problem geometry can
remain basically unchanged except the global unit is explicitly specified as shown below. The problem
is identical to that of EXAMPLE 3, Case 2, and the results will be identical The same problem could
be run by omitting the " UNIT 3* and/or replacing " CORE 0' with " ARRAY 1."

,
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SAMPLE PROBLEM 15 SMALL WATER REFLECTED SPHERE ON PLEXIGLAS COLLAR
READ GEOM
UNIT 1
HEMISPHE Z l ! 6.5537 CHORD -5.09066
CYLINDER 314.1275 -3.09066 -7.63NS

6CYLINDER 2112.7 .$.09066 -7. 3N5
CUBOID 314Pl2.7 -5.09066 -7.63N5
UNIT 2
HEMISPHE+Z l 16.5537 CHORD 5.09066
CUBOID 314P12.7 6.5537 $.09066

-| GLOML
g UNIT 3

CORE O I -12.7 -12.7 -7.63%$
CYLINDER 3117.97 6.5537 -7.63N5
REPLICATE 3 2 3*3.0 $
END GEOM
READ ARRAYNUX-1 NUY-1 NUZ-2 FILL 12 END ARRAY,

EXAMPLE 4, Cam 1. Consider sample problem 19, illustrated in Fig. Fil.D.3. The array of
arrays geometry for this problem is shown below. Unit I defines a Plexiglas cylinder filled with uranyl
nitrate solution. Unit 2 defines a uranium metal cylinder. Array I defines the 2x2 array of solution
units at the back of the figure. Array 2 defines the 2x2 array of metal units at the front of the figure.
Unit 3 contains array 1, and Unit 4 contains array 2. The global array is defined to be array 3 by speci-
fying GBL-3 in the ARRAY DATA. Array 3 is composed of Unit 3 and Unit 4 and defines the over-
all system. The most negative point in the global array is at the origin of the global unit. The global
array extends from x=0.0 to x=34.93, y=0.0 to y=43.5, z-0.0 to z-46.96. This is also the overall ]',

] dimensions of the implied global array.

i

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARRAY OF ARMYS
'; READ GEOM
i UNIT 1
.! CYLfNDER 2 1 9.525 8.89 -i.89

CYLINDER 3110.16 2P9.525
CUBOID 014P!0.875 2P10.24
UNIT 2

h CYLINDER I I 5.748 2PS.3825
CUROID 014P6.59 2P6.225

: UNIT 3
U ARM Y I 3*0.0

UNIT 4
. ARMY 2 3*0.0

1 REFLECTOR 012*0.0 2*8.57 2*8.031
b END GEOM
R READ ARRAY ARA =1 NUX=1 NUY=2 NUZ-2 FILL FI END FILL

AM-2 NUX-1 NUY-2 NUZ-2 FILL F2 END FILL GBL-3 ARA =3 NUX-2 NUY-1 NUZ-1.

FILL 4 3 END FILL
END ARRAY

,,

l
"

EXAMPLE 4, Case 2. Sample problem 19 could also have been described by omitting GBL-3.
The global array would have defaulted to array 3 because it is the largest array number in the array .,

data. -/

.

Y
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EXAMPLE 4, Case 3. Still another way of specifying the data for sample problem (9 would be to
omit GBL-3 in the array data e id specify array 3 as the global array in the geometry data as shown
below. The problem would still be identical to the previous descriptions although the geometry is speci-
fied in a slightly different manner.

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARMY OF ARMYS
READ GEOM
UNITI
CYLINDER 219.525 L89 -L89
CYLINDER 3 I ILid 2P9.525
CUBOID 014P!A875 2P1A24
UNIT 2
CYLINDER I i 5.748 2PS.3825
CUBOID 014P6.59 2P6.225 *
UNIT 3
ARMY I 3'0.0
UNIT 4
ARMY 2 3*0.0
REFLECTOR 012*A0 2*8.57 2*L03 i
GLOBAL
ARRAY 3 3*0.0
END GEOM
READ ARMY AM-1 NUX-1 NUY-2 NUZ-2 FILL ?! END FILL
AM-2 NUX=1 NUY-2 NUZ-2 FILL F2 END FILL AM-3 NUX-2 NUY=1 NUZ-1
FILL 4 3 END FILL
END ARMY

EXAMPLE 4, Case 4. Consider the data specifini in EXAMPLE 4, Case 1. It is possible to spec-
ify a portion of that data to be the global unit. This causes the code to ignore all of the data that are
not referenced by the global unit. The 2x2 array of uranyl nitrate units can be run by specifying Unit 3
to be the global unit as shown below. Only the 2x2 array of solution units will be utihzed by the

% problem.
'

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARMY OF ARMYS
READ GEOM
UNITI
CYLINDER 219.525 L89 -L89
CYLINDER 3110.16 2P9.525
CUBOID 014P10.875 2P10.24
UNIT 2 .

CYLINDER I i 5.748 2PS.3825
k CUBOID 014P6.39 2P6.225
? GLOML
! UNIT 3

ARRAY ! 3*A0
UNIT 4
ARMY 2 3*0.0

l REFLECTOR 012*A0 2*L57 2*L03 i
ARMY 3 3*A0
END GEOM
READ ARMY AM-1 NUX-l NUY-2 NUZ-2 FILL FI END FILL
AM-2 NUX-1 NUY-2 NUZ-2 FILL F2 END FILL AM-3 NUX-2 NUY-1 NUZ-1
FILL 4 3 END FILL
END ARMY

,
. .,
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h.
EXAMPLE 4, Case 5. The problem of EXAMPLE 4, Case 4 can also be specified by omitting the )

UNIT 3 card and placing the global specification before ARRAY I as shown below. '

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARRAY OF ARMYS
READ GEOM
UNITI
CYLINDER 2 1 9.525 8.89 -3.89

y CYLINDER 3110.16 2P9.525
CUBOID 014P10.875 2P10.24
UNIT 2,

? CYLINDER I 15.748 2PS.3825
A CUBOID 014P6.59 2P6.225

GLOML
ARM Y I 3*0.0
UNIT 4
ARMY 2 3*0.0
REFLECTOR 012*0.02*8.572*8.03i
ARRA Y 3 3*0.0
END GEOM
READ ARRAY AM-1 NUX=1 NUY-2 NUZ-2 FILL F1 END FILL
AM-2 NUX=I NUY-2 NUZ-2 FILL F2 END FILL AM-3 NUX=2 NUY-1 NUZ=1
FILL 4 3 END FILL

. END ARMY
l
,| . -]'.( .#

!; Both case 5 and case 4 of EXAMPLE 4 are equivalent to the fotowing Ecometry data.
:!

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARMY OF ARM YS
READ GEOM

] UNITI
CYUNDER 2 1 9.525 8.89 -8.89
CYLINDER 3110.16 2P9.525

d CUBOID 014P10.875 2P10.24
END GEOM
READ ARMY AM-1 NUX-1 NUY 2 NUZ-2 FILL FI END FILL
END ARRAY

!

,I

l!
s .

t
J
1

,4'

|;

3
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EXAMPLE 4, Case 6. If it is desirable to determine the keff of w of the uranyl nitrate units of
sample problem 19, simply specify the unit as the global system as sho,<n below.

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARMY OF ARMYS
READ GEOM

| GLOML
L UNIT 1

,

CYLINDER 219.325 L89 -L89
CYLINDER 3 I 10.16 2P9.325,

CUBOID 014P10.875 2P10.24
'

UNIT 2
CYLINDER I 15.748 2PS.3825
CUBOID 014P6.39 2P6.225
UNIT 3

'

ARRAY I 3*0.0
UNIT 4
ARMY 2 3*0.0
REFLECTOR 012*0.0 2*LS7 2*L03 i
ARRAY 3 3*0.0
END GEOM
RUD ARRAY AM-1 NUX-1 NUY-2 NUZ=2 FILL F1 END FILL
AM-2 NUX-1 NUY-2 NUZ-2 FILL F2 END FILL AM-3 NUX=2 NUY-1 NUZ-1

.

FILL.4 3 END FILL| END ARMY
q

'
Case 6 of EXAMPLE 4 is equivalent to the data shown below.

.

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARMY OF ARMYS
READ GEOM;

. CYLINDER 219.525 L89 -L89
] CYLINDER 3110.16 2P9.525

CUBOID 014P10.875 2P10.24
END GEOM

F11.5.7 ALTERNATIVE SAMPLE PROBLEM MOCK-UPS

The geometry data for KENO V can often be described correctly in several ways. Some alternative,

geometry descriptions are given here for sample problem 12 and sample problem 13. (See
'

Sect. Fil.D.)
*

F11.5.7.1 Sample Problem 12 First Alternative

This mock-up maintains the same overall unit dimensions that were used in sample problem 12. In
sample problem 12, the origin of Unit I, the solution cylinder, is at the center of the unit; the origin of

; Units 2, 3, and 4, the metal cylinders, are at the center of the cylinders. In this mock-up, the unit
numbers remain the same sad the origin of each unit is at the center of the unit. In each unit the cyl-
inder is offset by specifying the position of its centerline relative to the origin of the unit.

.
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READ GEOM
UNIT 1
CYLINDER 2 I 9.525 8.89 -8.89
CYLINDER 3 1 10.16 9.525 -9.525
CUBOID 0 1 10.875 -10.875 10.875 -10.875 10.24 -10.24
UNIT 2
CYLINDER I 15.748 9.3975 -1.3975 OMG 4.285 4.285
CUBOID 0 1 10.875 -10.875 10.875 -10.875 10.24 -10.24
UNIT 3
CYLINDER I 15.748 9.3975 -1.3675 OMG 4.285 -4.285
CUBOID 0 1 10.875 -10.875 10.875 -10.875 10.24 -10.24
UNIT 4
CYLINDER I 15.7481.3675 -9.3975 OMG 4.285 4.285
CUBOLD 0 1 10.875 -10.875 10.875 -10.875 10.24 -10.24
UNIT $
CYLINDER I I S.7481.3675 -9.3975 OMG 4.285 -4.285
CUBOID 0 1 10.875 -10.875 10.875 -10.875 10.24 -10.24
END GEOM
READ ARRAY NUX 2 NUY=2 NUZ-2 FILL 2131415 i END ARRAY

!
.

!

.
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3
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Fl1.5.7.2 Sample Problem 12. Second Alternative

In this mock-up, the outer boundaries of the system are made as close fitting as possible on all six
faces. The origin of each unit is located at the center of the cylinder. Units I,3,5, and 7 contain the
metal cylinders. Units 2,4,6, and 8 contain the solution cylinders.

READ GEOM
UNIT 1
CYLINDER I 1 5.748 5.3825 -5.3825
CUBOID 016.59 -5.748 6.59 -14.445 L225 -13.54
UNIT 2

',' CYLINDER 219.525 L89 -L89
n CYUNDER 3 1 10.16 9.525 -9.525

CUBOID 0 1 10.16 -10.875 10.875 -10.16 10.24 -2.525
UNIT 3

' CYLINDER I I 5.748 5.3825 -5.3825-

CUBOID 0 1 6.59 -5.748 14.444 6.59 6.225 -13.54
UNIT 4
CYLINDER 2 1 9.525 8.89 -3.89
CYLINDER 3 1 10.16 9.525 -9.525
CUBOID 0 1 10.16 -10.875 10.16 -10.875 10.24 -9.525
UNIT 5,

i CYLINDER I I 5.748 5.3825 -5.3825
] CUBOID 0 1 6.59 -5.748 6.59 -14.445 13.54 -6.225

f.) UNIT 6-

~J CYUNDER 219.525 L89 -8.89
CYUNDER 3 1 10.16 9.525 -9.525
CUBOID 0 1 10.16 -10.875 10.875 -10.16 9.525 -10.24
UNIT 7
CYUNDER I i 5.748 5.3825 -5.3825.

! CUBOLD 0 1 6.59 -5.748 14.445 -6.59 13.54 -6.225

) UNIT 8
CYUNDER 219.525 L89 -L89

i' CYUNDER 3 1 10.16 9.525 -9.525
CUBOID 0 1 10.16 -10.875 10.16 -10.875 9.525 -10.24
READ ARRAY NUX=2 NUY-2 NUZ-2 FILL 6fl 8 END FILL END ARRAY

.

8
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Fl1.5.7.3 Sample Problem 13, Alternative
'

This mock.up maintains the same overall unit dimensions that were used in sample problem 13,
Sect. Fil.D. In sample problem 13, the origin of Units 1,2, and 3 !* located at the center of the base
of the uranium metal cuboid. In this mock-up, the origin of Units I and 2 is located at the center of
the cylinder. In Unit 3, the origin is at the center of the unit.

READ GEOM *

UNIT 1
CUBOID 1 10.2566 -12.4434 L35 -6.35 3.81 -3.81
CYLINDER 0 1 13.97 3.81 -3.81
CYLINDER I 1 19.0! 3.81 -3.81
CUBOID 0 1 19.05 -19.05 19.05 -19.05 3.81 -3.81
UNIT 2
CUBOID I i 12.4434 -0.2566 6.35 -6.35 4.28 -4.28
CYLINDER 0 1 13.97 4.28 -4.28
CYLINDER Ii 19.05 4.28 -4.28
CUBOID 0 1 19.05 -19.05 19.05 -19.05 4.28 -4.28
UNIT 3
CUBOID 1 1 12.4434 -0.2566 6.35 -6.35 1.308 -I.308
CUBOLD 0 1 19.05 -I9.05 19.05 -19.05 1.308 -1.308
END GEOM
READ ARRAY NUX=1 NUY=1 NUZ-3 FILL i 2 3 END ARRAY

i

)

.

"
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FII.5.8 BIASING OR WEIGHTING DATA

Section Fil.2.3 discusses the basis of weighting or biasing. The use of biasing data in reflected
problems has been illustrated in Examples 9,10, and 11 of Sect. Fil.5.6. Section Fil.4.7 discusses

. the input directions for entering biasing data.

Every geometry card requires a bias ID to associate that geometry region with a biasing or weight-
,

ing function. A biasing or w,ighting function is a set of energy-dependent values of the average weight
- that are applicable in a given region. The default function for all bias ID's is mestant through all

energy groups, and is defined to be the default value of weight averr.se which can be specified in the
parameter data. A bias ID can be ===-inted with a biasmg function, other than default, by specifying

i it in the biasing input data. This function can be chosen from the weighting library or can be input
from cards. Table Fil.4.5 lists the materials and energy group structures for biasing functions avail-'

I able from the weighting library.
L

L In general, the use of biasing should be restricted to external reflectors unless the user has generated
correct biasing functions for other applications. Improper use of biasing functions can result in errone-
ous answers without giving any indication that they are invalid. Caution should be exercised in the gen-
eration and use of biasing functions.

Biasing functions are most applicable to thick external reflectors. Their use can significantly reduce'

the amount of computer time required to obtain answers in KENO V. If the user wishes to use a bias-
ing function'for a concrete reflector, for example, the following s+eps must be included in prepanng the

:

h input data:

'

Q'O
The mahy region data must define the shape and dimensions of the reflector using the mix-(1) s
ture ID for concrete and a sequence of bias ID's that ===an=tc the geometry region with the
appropriate interval of the concrete weighting fu : tion. CAUTION: THE THICKNESS OF
EACH REGION UTILIZING BIASING FUNCTIONS MUST MATCH OR VERY
NEARLY MATCH THE INCREMENT THICKNESS OF THE WEIGHTING DATA.
NO CHECK IS MADE ON THE REQUIREMENT. IT IS THE USER'S RESPONSIBIL-
ITY TO ASSURE CONSISTENCY.

,

~!

i

j (2) Biasing data must be entered. This must include the material ID for the reflector material
f, (from Table Fl1.4.5 or as specified on cards) and a beginning and ending bias ID. The begin-

L ning bias ID is used to select the first set of energy-dependent average weights, and the subse-
(; quent sets of energy-dependent average weights are assigned consecutive ID's until the ending

bias ID is reached."

j Small deviations in reflector region thickness are allowed, such a using three generated regions with

| a thickness per region of 5.08 cm to generate a 15.24-cm-thick reflector of concrete, or using five gen-

i ersted region with a thickness per region of 3.048 cm to generate a 15.24-cm-thick reflector of water.

] See Table Fil.4.5 for a list of the increment thickness for each material in the weighting library. It is
'

acceptable for the thickness of the last reflector region to be significantly different than the increment

F thickness. For exampic, a reflector card specifying five generated regions with a thicknessa per region
of 3.0 cm could be followed by a reflector card specifying one region with a thickness per region of
0.24 cm. Assume material 2 is water and a 15.24-cm-thick cuboidal reflector of water is desired. The

*

required reflector description and biasing data could be entered as follows:

REFLECTOR 2 2 6*3.0 $
'

REFLECTOR 2 7 6*0.241
READ BUS ID=$00 2 7 END BUS'

l
.

'

-.- , . n ..
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t

The same 15.24-cm. thick reflector can be described by including the extra 0.24 cm in the last region 3
as shown below:

'

REFLECTOR 2 2 6*3.0 4
REFLECTOR 2 6 6*3.24 i
READ BUS ID-5N 2 6 END BUS

Here the weighting functmas associated with bias ID's 2,3,4, and 5 are dermed by the first reflec-
tor card and each generated regma has a thickness of 3.0 cm, corresponding exactly to the increment
thicknees for water in Table Fil.4.5. Bias ID 6 is used for the last generated region which is 3.24 cm
thick.

The following examples illustrate the use of biasing data. Suppose the user wishes to use the
weighting function for water from Table Fil.4.5 for bias ID's 2 through 6. The biasing input data
would then be:

READ BUS ID=5N 2 6 END BUS

The energy-dependent values of weight average for the first 43-cm interval of water will be used for
weighting the georoetry regions that specify a bias of ID of 2. The energy-dependent values of weight
average for the second 3-cm interval of water will be used for geometry regions that specify a bias ID
of 3, etc. Thus, the energy-dependent values of weight average for the fifth 3-cm interval of water will
be used for geometry regions that specify a bias ID of 6. Geometry regions that use bias ID's other
t' nan 2, 3,4,5, and 6 nill use the default value of weight average that is constant for all energies as a
biasing functici

Several sets of biasing data can be entered at once. Assume the user wishes to use the weighting
function for concrete from Table Fil.4.5 for bias ID's 2 through 4 and the weighting function for water
for bias ID's 5 through 7. The appropriate input data block is:

READ BUS ED=3012 4 ID-SN 5 7 END BUS

The energy-dependent values of weight average for the first 5-cm interval of concrete will be used
for the geometry regions that specify a bias ID of 2, the energy > ;- -v t values of weight average for
the second 5-cm interval of concrete will be used for the geometry regions that specify a bias ID of 3,
and the energy-dependent values of weight average for the third 5-cm interval of concrete will be used
for the geometry regions that specify a bias ID of 4. The energy-dependent values of weight average

,

for the first 3-cm interval of water will be used for geometry regions that specify a bias ID of 5, the
values for the second 3-cm interval of water will be used for geometry regions that specify a bias ID of
6, and the values for the third 3-cm interval of water will be used for geometry regions that specify a
bias ID of 7. The default value of weight average will be used for all bi.s ID's outside the range of 2
through 7.

If the biasing data block defines the same bias ID more than once, the value that is entered last
supersedes previous entries. Assume the following data block is entered.

| READ BUS ED-4N 2 7 ID-SN $ 7 END BUS
|

| Then the data for paraffin (ID-400) will be used for bias ID's 2,3, and 4, and the data for water

|
(ID=500) will be used for bias ID's 5,6, and 7.

EXAMPLE 1. Use of biasing data with a reflector card. h

-, .- . . - - . .
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Assume a 5-cm-radius sphere of material 2 is reflected by a 20-cm-thickness of material 1 (con-
cretc). The concrete reflector is spherical and close fitting upon the sphere of material 2. The mixing
table must specify material I and material 2. Material I must be defined as concrete. The geometry

|

and biasing data should be entered as follows:

READ GEOM
SPHERE 213.0
REPLICATE I 2 S.0 4

,
END GEOM

' READ BUS ID=3012 $ END BUS

In the above example, the rephcate card will generate four sphencal geometry regions, each 5.0 cm
thick. The bias ID for the first generated region is 2; the second,3; the third,4; and the fourth,5.

|
The biasing data block specifies that the biasing function for material ID 301 (concrete) will be used

j from the weighting library. The bias ID to which the energy 4----i=st weighting function for the first
; 5.0-cm interval of concrete is apphed is 2; the energy-dependent weighting function for the fourth 5-cm

interval of concrete is applied to the fourth generated geometry region. This generated region has ai

bias ID of S.

Example I can be described without using a reflector card as shown below. The cards that are gen-
I crated by the reflector card in the previous set of data are identical to the last four spheres in this
; mock-up.

( EXAMPLE 1. Use of biasing without a reflector card.
!

READ GEOM'q<

.

SPHERE 213.0;)
SPHERE I 210.0
SPHERE I 315.0
SPHERE I 4 20.0
SPHERE I $ 25.0

*
END GEOM
RE4D BUS ID=3012 5 END BUS

.

F11.5.9 PRINTER PLO13
|

I Printer plots are generated uity if a plot data block has been entered for the problem and
L PLT =NO has not been entered in the parameter data or the plot data. When a printer plot is to be
| made, the user MUST correctly specify the upper left-hand corner of the plot with respect to the origin

[ of the plot. The origin of a plot is defined as follows:

(1) SINGLE UNIT - The ongin of the plot comcides with the origin of the geometry description.
-

?

i
'

(2) UNREFLECTED ARRAY - This is an array problem that does not have a CORE or ARRAY

| description in the EXTENDED GEOMETRY DESCRIPTION of the global array. The origin

! of the plot is located at the most negative point of the global array. This occurs at the lower
left-hand back corner of the global array.

~

(3) REFLECTED ARRAY - The origin of the plot coincides with the origin of the CORE or
ARRAY description in the EXTENDED GEOMETRY DESCRIPTION of the global array.

_ . . , - . - . ,m .. _
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Printer plots can represent mixture numbers, unit numbers or bias ID numbers. A title can be T
'

entered for each plot. If plot titles are omitted, the title of the KENO case will be printed for each plot
title until a plot title is entered. If a plot title is entered and a subsequent plot title is omitted, the last
plot title prior to the omitted one will be used for the omitted one.

The upper left and lower right coordinates define the area (i.e., the slice and its location) for which
the plot is to be made. The direction cosmes across the page and the direction cosines down the page
define the direction of the vector across the page and the vector down the page with respect to the
geometry coordinate system. One of the simplest ways of g c 41sg a plot is to specify the desired
coordinates of the upper left and lower right corners of the plot. Determine which plot axis is to be

i ! across the page and which is to be down. The sign of the direction cosine should be consistent with the
direction of that component when moving from the upper left to lower right corner. For exampic, to
draw a plot of an x.z slic: at y-5.0 with x across the page and z down the page for a system whose x
coordinates ranges from 0.0 to 10.0 and whose z coordinates range from 0.0 to 20.0, the upper left coor-
dinate could be XUL-0.0 YUL-5.0 ZUL-20.0 and the lower right coordinates could bc
XLR-10.0 YLR=5.0 ZLR-0.0. Since x is to be plotted across the page with x=0.0 at the left and
x-10.0 at the right, only the x component of the direction cosines across the page need be entered. It
should be positive because going from 0.0 to 10.0 is moving in the positive direction. Thus, UAX=1.0
would be entered for the direction cosines across the page. VAX and WAX could be omitted. Z is to
be plotted down the page with z-20.0 at the top and z-0.0 at the bottom. Therefore, only the z com-
ponent of the direction cosines down the page need to be defined. It should be negative because moving
from 20.0 to 0.0 is moving in the negative direction. Bus, WDN=-1.0 would be entered for the direc-
tion cosines down the page. UDN and VDN could be omitted. Tbc sign of the direction cosines should
be consistent with the coordinates of the upper left and lower right corners in order to get a plot.

It is not necessary that the plot be made for a slice orthogonal to one of the axes. Plots can be ;].-Vmade of slices cut at any desired angle, but the user should exercise caution and be well aware of the
distortion of shapes that can be introduced. (Nonorthogonal slices through cylinders plot as ellipses.)

He user can specify the horizontal and vertical specing between points on the plot. It is usually
advisable to enter one or the other. Entering both of them can cause distortion of the plot. DLX- is

( used to specify the horizontal spacing between points and DLD- is used to specify the vertical spacing
between points. When only one of them is specified, the code calculates the correct value of the other'

,

such that the plot will not be distorted. The spacing for an undistorted plot is defined as
DLD*LPI-DLX* CPI where LPI is the number of lines per inch printed vertically and CPI is the num-
ber of characters per inch horizontally. These parameters are a function of the printer or print chain.
The vertical distortion factor, VDIS, is then defined by VDIS- (DLD*LPI)/(DLX* CPI). The code
then calculates the number of intervals that will be printed across the page and down the page if both
the upper left and lower right coordinates of the plot were entered. In some instances, it can be desir-
able to distort a plot by entering both DLX and DLD. It might be desirable to compress one-dunension
relative to another. If DLX-0.5 and DLD-5.0 are entered as data for a printer that prints 10 charac-
ters per inch across and 8 lines per inch down, the portion of the plot that is printed in the vertical
direction will be reduced by a factor of 8 relative to the portion printed in the horizontal direction
((5.0*8)/(0.5*10)). Dat is, if the coorrhasta specify a perfect square, the plot will be a rectangle that
is about 8 times as wide as it is talt

DLX or DLD can be specified by the user to be small enaugh to show the desirable detail in the
plot. The plot is generated by starting at the upper left corner of the plot and generating a point every
DLX across the page; then moving down DLD and espeating the generation of the points across the
page-

..

*

.. ._ .
. , _ .

,'
.. . _ __



*

4

<

Fl1.5.77 <

NAX specifies the number of intervals that will be printed across the page. It may be convenient
for the user to specify the number of characters that can be printed across the page on the printer that

| will be used. Larger plots can be created by specifying multiples of this number. In that case, the plot
'

must be taped together to see the overall plot. The plot will print one page wide and full length. Then
the next page width and full length will be printed, etc., until the entire plot is completed.

NDN specifies the number of intervals that will be printed down the page. If both NAX and NDN
are entered, the plot may be distorted. If one of them is entered, the value of the other will be calcu-
lated so the plot will not be distorted.

LPI, the number of lines per inch that are printed on a page, can be entered to be consistent with
the printer that will be used. The default value is 8 lines per inch. His parameter need be entered
only once for a problem. It should be entered in the data for the first plot so all the plots will be
printed in the same manner.

'

When a plot is being made, the first character represents the coordinates of the upper left corner. |,

The value of DELY is added to the coordinate that is to be printed across the page and the next char- |
acter is printed. DELV is added to that value to determine the location of the next character. Dat is,
a point is determined every DELV across the page and a character is printed for each point. When a
line has been completed, a new line is begun DELU from the first line. This procedure is repeated until
the plot is complete. Some examples of printer plots are shown in Sects. Fil.5.6.1, Fil.5.6.2, Fil.5.6.3
and F11.5.6.4. Further examples are shown below.

EXAMPLE 1. SINGLE UNIT WITH CENTERED ORIGIN

p) Consider two concentric cylinders in a cuboid. The inner cylinder is 5.2 cm in diameter. The
outer cylinder has an inside diameter of 7.2 cm and an outside dhe of 7.6 cm. Both cylinderst.

are 30 cm high. They are contained in a tight-fitting box whose wall thickness is 0.5 cm and whose
,

top and bottom are each 1.0 cm thick. The inner cylinder is composed of mixture 1, the outer
cylinder is made of mixture 4, and the box is made of mixture 2. The problem can be described with
its origin at the center of the inner cylinder. The problem description for this arrangement is shown4

; below:

k = KEN 05
SINGLE UNIT CONCENTRIC CYUNDERS IN CUB 0lO WITH ORIGIN AT CENTER,.

READ PARAM RUN=NO UB-41 TME=0.5 END PARAM
READ MIXT SCT=1 MIX =192500 4.7048 2 MIX-2 2001.0 MIX-3 502 0.1
MIX 4 2001.0
END MIXTo

READ GEOM
CYLINDER 1 12.6 2P15.0
CYUNDER 013.6 2P15.0*

CYUNDER 413.8 2P15.01

CUBOID 014P3.8 2P!$.0
CUBOID 214P4.3 2P16.0
END GEOM
READ PLOT TTL='X-Y SUCE AT Z MIDPOINT. SINGLE UNIT CONCENTRIC CYLS.*
XUL=-4.6 YUL-4.6 ZUL=0.0 XLR=4.6 YLR=-4.6 ZLR=0.0
UAX= L0 VDN=-1.0 NAX=130 NCH=' * .X' END
PIC= UNIT NCH='01' END
END PLOT
END DATA
END'

_. . .... . -, . . . _ _
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The plot data block included above is set up to draw a mixture map of an x-y slice taken at the half 7*

height (z-0.0) and a unit map for the same slice. The code will print question marks for points outside /

the range of the problem geometry description. By setting the plot dimensions slightly larger than the
geometry dimensens, a border of question marks will be print:d around the specified plot. This verifies
that the outer boundaries of the geometry are contained within the plot dimensions. In the above exam-
plc, the geometry dimensions extend from x--4.3 to x=4.3, from y--4.3 to y=4.3, and from z--8.0 to
z-8.0. An x-y slice is to be printed at the half height (z-0.0). The desired plot data sets the upper

- left-hand corner of the plot to be x--4.6 and y-4.6. De lower right-hand corner of the plot is speci-
fied as x-4.6 and y--4.6. Dese data are entered by specifying the upper left-hand corner as
XUL--4.6 YUL-4.6 ZUL-0.0 and the lower right-hand corner as XLR-4.6 YLR=-4.6 ZLR=0.0. It-

is desired to print x across the page and y down the page. Therefore, the x direction cosine is specified
j across the page, in the direction from x--4.6 to x-4.6 as UAX=I.O. The y direction cosine is specified

7 down the page, from y=4.6 to y--4.6 as VDN--l.0. It was desirable for the plot to be one page wide
(130 characters) so the number of characters across the page was specified as NAX-130. An arbitrary
choice was made to print a blank for a void, a * for mixture 1, a - for mixture 2, and a . for mixture 4.

.; Mixture 3 was not used in the problem, so a character did not have to be entered for it in the character
string. Thus, a character string of NCH ' * .' would have been sufficient but a string of NCH ' * .x':

.

was entered. Since only three mixtures were used, only the first four characters were utihzed. The
blank represents a void, the * represents the smallest mixture number used in the problem (mixture 1),
the - represents the next smallest mixture number used in the geometry description (mixture 2) and the
. represents the largest mixture number used in the geometry (mixture 4). The resultant printer plot
and associated data are shown in Figs. Fil.5.28 and Fil.5.29. A second printer plot covering the
same area shows a unit map rather than a mixture map. This unit map and associated data are shown
in Figs. F11.5.30 and F11.5.31.
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Fig. F11.5.28. Associated data for single unit mixture map
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Figure Fil.5.31 shows a block of I's surrounded by a border of Ts. This indicates that the entire slice
specified in the plot data was part of Unit 1. For this problem the entire volume is Unit 1.,
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EXAMPLE 2. SINGLE UNIT WITH OFFSET ORIGIN'

The physical problem is the same as that described in Example I, two concentric cylinders in a
cuboid. The dimensions are exactly the same. The difference is in t!4e choice of the origin. In this
geometry description, the origin was specified as the most negative point of the unit, the lower left back
corner. Thus, the cylinders have to have an origin specified to center them in the cuboid and the cuboid
extends from 0.0 to 8.6 in x and y and from 0.0 to 32 in z as shown in the problem description below.

-KENOS
SINGLE UNIT CONCENTRIC CYLINDERS IN CUBOID WITH ORIGIN AT CORNER
READ PARAM RUN=NO LIB-41 TME=0.5 END PARAM
READ MIXT SCT=1 MIX-192500 4.7048-2 MIX-2 2001.0 MIX-3 302 0.1,

MIX =4 2001.0
END MIXT
READ GEOM
CYLINDER I I 2.6 31.01.0 ORIGIN 4.3 4.3
CYLINDER 013.6 31.01.0 ORIGIN 4.3 4.3
CYLINDER 413.8 31.0 LO ORIGIN 4.3 4.3
CUBOLD 018.10.5 8.10.5 31.01.0 -

CUBOID 218.60.08.60.032.00.0
END GEOM
READ PLOT TTL 'X-Y SLICE AT Z MIDPOINT. SINGLE UNIT CONCENTRIC CYLS.*
XUL -0.3 YUL-8.9 ZUL-16.0 XLR=8.9 YLR=-0.3 ZLR-16.0
UAX-l.0 VDN=-1.0 NAX-130 NCH=* * .X' END
PIC= UNIT NCH='01' END

i ENDPLOT
END DATA,

END

The plot data included above will draw a mixture map of an x.y slice taken at the half height
(z- 16.0). It will also draw a unit map of the same slice. De plot dimensions extend 0.3 cm beyond

J the problem dimensions to provule a border of question marks around the plot. De associated plot
data specification for the mixture map is shown in Fig. Fil.5.32, the mixture map is shown in
Fig. Fi1.5.33, and the associated plot data for the unit map is shown in Fig. F11.5.34. The unit
map is identical to Fig. Fil.5.31 and is not included. Note that Fig. Fil.5.33 is identical to

. Fig. F11.5.29.

s. assca as s aussesse. sammha sure esmes.rese crsat *

| massene m.e

,

- "H|||| *!!*
. u ..

'
. . . . . . .

::!!:::::: -::f:::::::
'

!.::'t '.' .':..
.!:: :::"'

. ... ...

,. . . . . . . . . . . --......e...

-

| Fig. Fl1.5.32. Associated data for mixture map of single unit with offset origin

|

l

o ., - ..
. . . . - -



._ _ . _ . .. - . . _ . . . ..._..: ,

..

.

4

i

i.

e

I

- .

u! po losjjo i;1}m 1}un al u!s jo dem amir!p[ CETIId *8 3B S !

i

h,
444444444444444444d4444444444444444444444444444444444444444444444444 44444444444444444444444444444444444444444444444e 44444444444444 9

4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 |
4444 44444
deed added
4 dad 44444
4444 edade

*
' *

eessedeed
d44444444
444444444

* * 4444ddead
*4444 44444 .

dead 44444 6

4444 desed {
4444 44444

- 4444 44448
*

^n 4444 d4444
* 44444****** ' . 4444

* ~ .-
*

daade t.,.
4444

*
d4444

44

|4444 e e** d4444
444; - . .- 44444 9'**4444 e*o* asee Added
444; ****o********** **e***eeee*** dadde

4444 ******e 44444 'I
deed * * * 44444

'

- * desde4444 **9=ce*********eo*
- ese*o**ee*e* d444d4444 .. - - -

4444 *eeeeeee*****ee**eese*esee************eee**o**eoeooooseeeeeo*ee 44444

4444 eseseeo**********eeeeeo* ***eoo**eeeeee*eseeeeeeeeeeee*o**e 44444*

4444 seeeeee eeeee**e***eesee************** sees oee**********ese* e 4d444
4444 *eeeeeeeeeo***eseeeeeeeeeee e***seeeeee*eeeeeeeeeee eeo*eeee**eeeeeeee* edged

4444 ** eses ****esee*secesee****** ******************eeeeeeeo* d4444
4444 *e***eee********** e*********e**************oe*********o**** 444ed
deed seeeesse***ese**eeseseo******esee*****************o****eesse*oe******** 44444 *

deed * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ***o***o** 44444
4444 **esese***o*******************o*********************eoo*******o*****o**** d4444

* d44444444
' ****ee*eoo*e* *eseeeeeeee*ee*o*eeeeeeeeeeo*e see 44444*4444 #eeeeee***

4444 **e**** **eoe********** ****** ****** 44448
4444 *eseeoeooe*esesseeee* 44444
4444 -

- ***** * 44444
*

4444 **ece*********** ** *** e 44444
************* 44444d444 ***************e*****o*** ****

~*** - - *eooooo* d44444444 *ee**********o********o*********e**o*
** ****** ********eeeee 444444444 eeeee*ee* o*eeeeee*eo*ese-

**o* ' *********** 444484444 **ese*ee***************o**
* 4444 ese *eteo**o****e ee e seee**** ese 44444*

4444 *** -
************e* ******* 44444*

44ee eeeeeeeeeessee**e ee* ee***** 44444
*

4444 e es**eesee* * 4444d

4444
*

*****e***** * ~ ~' * * * * * * * * . seeeeee* die 44
4444 * esse e

*
44444

I-*

ese**** * 44444 i

' ' 9'
-

* deeds i
4444

.o ee.. *. .e ** 44484 |***4444 * 44444* *4444 **
444e ******* 44444*

* ***** * d4444dead
* ee ********* d44444444 * 44444d444 ***********

*
4444 ***** 44444

444444448
* 44444edad
* 44444deed

** 44444444;
44444dead * * * 444444444

* * 44444edad
* * 444444444

444444444
diede4444
444444448

r deeda
( 44444

died
4444

d44444444
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
4444 4444444444 4444444444444444444444444444444 444444444444444 444444444444444 e444444 d 4444 444444444 444444444 44444444 4444 4444 444 444d d d4

( 4444444444444444444444444444444444444444444444444444444444 444444444444444444444444444444444444444444444444444444444 d 44444444444444

Z8Tild

.

_J



_

.

Fl1.5.83

.

..u .. . . - . - . u.

. .a#

.,, :'" '

" " " :::::.=
| -:::::::::t .::::::::*.
. .. . n ..

f.:"! !.:":..

!. .::: :::""
. . . ...

, . . . . . . . . . --.....n

Fig. Fil.5.34. Associated data for unit map of single unit with offset origin
,

EXAMPLE 3. A 2x2x2 UNREFLECTED ARRAY OF CONCENTRIC CYLINDERS IN
CUBOIDS

The physical representation of this example is a 2x2x2 array of the configuration described in
Example 1 of this section. The input data description for this array is given below:

2x2x2 BARE ARMY OF CONCENTRIC CYUNDERS IN CUBOLD
READ PAMM RUN=NO UB-41 TME=8.5 END PARAM-

O READ MIXT SCT=1 MIX-192300 4.7048-2 MIX =2 200 L0 MIX-3 $02 0.1
J MIX =4 200 LG

END MIXT
READ GEOM
CYLINDER 112.6 2Pl$.0
CYUNDER 013.6 2Pl$.0

'

CYUNDER 413.8 2P13.0
| CUBOID 014P3.8 2Pl$.0

CUBOID 214P4.3 2P16.0
'

END GEOM
READ ARRAY NUX 2 NUY-2 NUZ-2 END ARRAY
READ PLOT TTL='X-Y SUCE AT HALF HEIGHT OF BOTTOM LAYER.'
XUL=-0.3 YUL I7.5 ZUL=16.0 XLR=17.5 YLR=-0.3 ZLR=16.0
UAX=L0 VDN= L0 NAX=130 NCH=* * .X' END
TTL='X-Z SUCE THROUGH FRONT ROW, Y-12.9.'
XUL=-L0 YUL-12.9 ZUL-65.0 XLR=18.2 YLR-12.9 ZLR=-L0,

UAX=L0 WDN=-L0 NAX-60 END
*END PLOTu

;
END DATA
MD

'As stated at the beginning of Sect. Fil.5.10, the origin of the plot is located at the lower left back
corner of the array. Each individual unit in the array is 8.6 cm wide in x and y and is 32 cm high in
z. Since the array has two units stacked in each direction, the array is 17.2 cm wide in x and y and is
64 cm high. Therefore, the array exists from x=0.0 to x=17.2, from y=0.0 to y=17.2 and from
z=0.0 to z=64.0.
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EXAMPLE 4. A 2x2x2 REFLECTED ARRAY WITH THE ORIGIN AT THE LOWER LEFT-
HAND BACK CORNER OF THE ARRAY ]

The anay is the array described in Example 3 of this section with a 6-in. concrete reflector on all
faces. The input data description for this array is given below.*

h2x2 REFLECTED ARMY OF CONCENTRIC CYUNDERS IN CUBOID
READ PAMM RUN=NO UB=41 TME=0.5 END PAMM
READ MIXT SCT=1 MIX =192500 4.7048 2 MIX-2 200 L0 MIX-3 3011.0
MIX-4 2001.0
END MIXT
READ GEOM'

CYUNDER I I 2.6 2Pl$.0
Y CYLINDER 013.6 2P15.0
- CYLINDER 413.8 2P15.0
' CUB 0lD 014P3.8 2Pl$.0
j CUBOID 214P4.3 2 PILO
i . CORE I i 3*0.0

REFLECTOR 3 2 6*$.0 3
; REFLECTOR 3 3 6*0.24 I

END GEOM
READ BIAS ID=3012 $ END BLAS
READ ARMY NUX=2 NUY=2 NUZ-2 END ARMY'

READ PLOT TTL 'X-Y SUCE AT HALF HEIGHT OF BOTTOM LAYER. INCLUDES REFL'
.. XUL -16.24 YUL-33.44 ZUL=lL0 XLR=33.44 YLR=-IL24 ZLR=lL0
' UAX-l.0 YDN=-L0 NAX-130 NCH=* * X' END

t&
^

TTL='X-Y SUCE AT HALF HEIGHT OF BOTTOM LAYER, INCLUDE 3 CM OF REFL'
i XUL -3.0 YUL-2L2 ZUL-ILO XLR=10.2 YLR= 3.0 ZLR ILO
i! UAX=1.0 YDN=-l.0 NAX-130 NCH=' * X' END
N TTL='X-Z SLICE THROUGH FRONT ROW, Y-12.9. INCLUDE REFLECTOR *

XUL -16.24 YUL-12.9 ZUL-80.24 XLR=33.44 YLR=12.9 ZLR=-16.24
|. VAX=1.0 WDN= I.0 NAX-130 END
y TTL='X-Z SLICE THROUGH FRONT ROW, Y-12.9. INCLUDE 3 CM OF REFLECTOR *

XUL= 3.0 YUL-12.9 ZUL-67.0 XLR=20.2 YLR=12.9 ZLR=-3.0

9 UAX-l.0 WDN=-1.0 NAX-130 END
A END PLOT

END DATA
? END

r

The CORE card specifies the coordinates of the lower left back corner of the array to be
(0.0,0.0,0.0). "Ilius the reflected array extends from -15.24 cm to +32.44 cm in x and y and from
-15.24 to +79.24 in z.

The first printer plot for this example is to show an x y slice through the array and reflector at the
half height of the bottom layer. A border of question marks is used to verify that the entire reflector

,

has been shown. This is accomplished by arbitrarily setting the picture boundaries I cm beyond the
'

reflector boundaries. The coordinates used for this plot are: XUL=-16.24 YUL-33.44 ZUL-16.0
XLR=33.44 YLR=-16.24 ZLR=16.0. The plot data description is shown in Fig. Fil.5.37, and the

1 plot is shown in Fig. Fil.5.38.
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F11.5.88

The next printer plot is the same as the previous plot except the plot includes only the first 3 c:n of S
the reflector. This results in the picture being large enough to show more detail The coordinates used
for this plot are: XUL-*3.0 YUL-20.2 ZUL-16.0 XLR-20.2 YLR=e3.0 ZLR-16.0. This plot data
description is given in Fig. F11.5.39, and the plot is shown in Fig. Fil.5.40.
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Fig. F11.5.39. Plot data for enlarged x=y slice of example 4
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F11.5.89

The third printer plot for this example is an x-z slice through the center of the front row. An extra
I cm is included in the coordinates to provide a border of question marks around the plot. The coor-
dinates are: XUL=-16.24 YUL-12.9 ZUL-80.24 XLR=33.44 YLR-12.9 ZLR=-16.24. The result-

|

| ant plot data and plot are shown in Figs. Fil.5.41 and Fil.5.42.
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Fig. F11.5.41. Plot data for x z slice of example 4
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F11.5.91

The last printer plot for this example is the same as the previous one except only 3 cm of the
reflector is included in the plot. The plot data and associated plot are shown in Figs. Fil.5.43 and
Fi 1.5.44.
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Fig. Fil.5.43. Plot data for enlarged x.z slice of example 4
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Fig. F11.5.44. Enlarged xez plot of 2x2x2 reflected array
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F11.5.94

EXAMPLE 5. A 2x2x2 REFLECTED ARRAY WITH THE ORIGIN CENTERED IN THE -

ARRAY

This example is physically identical to Exampic 4. The difference is in the specification of the ori-
gin. The bare array is 17.2 cm wide in x and y and 64 cm high. The origin (0,0,0) can be placed at
the exact center of the array by specifying the lower left back corner of the array as x=-8.6, y--8.6 and
z=-32.0. This is donc using the CORE description. Because the origin is located at a different posi-
tion, the coordinates of the plots will also be different. The input data description for this example is
given below.

222x2 REFLECTED ARRAY OF CONCENTRIC CYLINDERS IN CUBOID' READ PARAM RUN=NO LIB-41 TME=0.5 END PARAM
READ MIXT SCT=1 MIX-192500 4.7048-2 MIX =2 200 L0 MIX-3 301 L0
MIX =4 200 L0

i END MIXT
.

READ GEOM
' CYLINDER I 12.6 2P15.0

CYLINDER 013.6 2P15.0
CYLINDER 413.8 2P15.0
CUBOID 014P3.8 2P15.0
CUBOID 214P4.3 2P16.0
CORE I I 2*-L6 -32.0
REFLECTOR 3 2 6*S.0 3
REFLECTOR 3 5 6*0.241.

\ END GEOM
READ BIAS ID=3012 5 END BIAS
READ ARRAYNUX-2 NUY-2 NUZ-2 END ARRAY.

. READ PLOT TTL='X-Y SLICE AT HALF HEIGHT OF BOTTOM LAYER. INCLUDES REFL'
! XUL--24.84 YUL=24.84 ZUL.-L0 XLR-24.84 YLR=-24.84 ZLR=-LO

UAX=1.0 VDN=-LO NAX 130 NCH=' *=.X' END
TTL 'X-Y SLICE AT HALF HEIGHT OF BOTTOM LA YER, INCLUDE 3 CM OF REFL'

? XUL--IL6 YUL=lL6 ZUL=-L0 XLR=lL6 YLR=-IL6 ZLR=-LO
1 UAX= LO VDN--LO NAX-130 NCH=' * .X' END
'

TTL 'X-Z SLICE THROUGH FRONT ROW. Y=4.3 INCLUDE REFLECTOR'
XUL -24.84 YUL-4.3 ZUL-4L24 XLR-24.84 YLR=4.3 ZLR=-4L24.

UAX= LO WDN=-1.0 NAX=130 END
TTL=*X Z SLICE THROUGH FRONT ROW, Y=4.3 INCLUDE 3 CM OF REFLECTOR *
XUL=-IL6 YUL-4.3 ZUL-35.0 XLR-IL6 YLR-4.3 ZLR=-35.0
UAX= LO WDN--LO NAX 130 END
END PLOT'

; END DATA
END

j .

;

1 The first printer plot for this example covers identically the same area a the first printer plot for
Example 4. The plot data for this plot and the actual plot are given in Figs. F11.5.45 and F11.5.46..
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The Example 5 plot data and associated plots for an enlarged x y plot, an x-z plot and an enlarged
x.z plot are given in Figs. Fil.5.47 through Fil.5.52.
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1~

EXAMPLE 6. NESTED HOLES I
'

Refer to the nested hole description of Sect. Fil.5.6.2. The mixture map for this problem is
shown in two parts in Fiss. Fil.5.Il and Fil.5.12. This example is one that involves a reasonably.

complicated placement of units or box types. Herefore, it might be useful to the user to generate both
a mixture map a'd a unit map for the problem. Because an enlarged printer plot of the mixture map
was already prose.nted in Fiss. Fil.5.Il and Fil.5.12, the mixture map in this section was reduced to

,

fit on one page width by changing NAX from 260 to 130. De resultant mixture map is shown in
,

Fig. Fil.5.53 and the unit map is shown in Fig. Fil.5.54. The data description for Frample 6
,

follows. ,
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= KENOS
NESTED HOLES SAMPLE
RUD PAMM RUN=NO UE=41 TME= AS END PAMM
RUD MIXT SCT=1 MIX =I 923N 4.7048 2 MIX 2 2001.0 MIX =3 302 Al
MIX =4 2001.0
END MIXT
RUD GEOM
UNITI
CYUNDER I I Al 2 PILO
UNIT 2
CUB 0lD 212N! 2NOS 29110
UNIT 3

.
CUB 0lD 212 pac $ 2NI 2 PILO

| UNIT 4
CYUNDER I I Al 2 PILO
CYUNDER 3 I AS 2 PILO
HOLEI A0.A4A0 -

' HOLE I A4 A0 0.0
HOLEI A0 A4A0

. HOLEI 44 A00.0
HOLE 2 42 A0A0
HOLE 2 A2 A0 A0
HOLE 3 A0 42 A0
Hole 3 A0 A2A0
UNIT $
CYUNDER I I AS 2 PILO
UNIT 6
CYUNDER 2 i A2 2 PILO
UNIT 7

i CYUNDER 21 A2 2 PILO
i CYUNDER 0 I L3 2PILS

Q HOLE $ A7071068 2*A0'

NJ HOLE 6 A7071068 A7071068 A0
HOLE 4 A0 A7071068 A0
HOLE 6 47071068 A7071068 At
HOLE $ 47071068 A0 At
HOLE 6 47071068 4707I068 A0
HOLE 4 A0 47071068 A0

'HOLE 6 A7071068 47071068 A0
CYUNDER 4 i L4 2 PILO,

UNIT 8
CYUNDER 2 i A6 2 PILO
UNIT 9
CYUNDER 2 I A6 2 PILO
CYUNDER 0 i L6 2 PILO
HOLE 710 A0 A0
HOLE 8 2*10 At
HOLE 7 A010 A0

} HOLE 8 1010 A0
HOLE 7 10 2*At
HOLE 8 2* 10 At'

HOLE 7 A0 10 A0
HOLE 8 2PLO A0

1 CYUNDER 413.8 2 PILO

1 CUB 0lO 014PLC 2 PIA 0
. END GEOM

) RMD ARMYNUX=1 NUYel NUZ=l FILL 9 END ARMY
READ PLOT TTl=*X.Y SUCE AT Z MIDP0lNT. NESTED HOLES *
XUL=41 YUL= Al ZUL=I6.0 XLR= Al YLR=41212 16
UAX Le VDN=.L0 NAX=130 NCH=* * X* END
TTL *X.YSUCE AT Z MIDP0lNT. NESTED HOLES. UNITMAP
NCH=**I X3678 *
PIC= UNIT L4D,

ENDPLOT
END NTA
L4D |
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Fig. Fl1.5.53. Mixture map of nested holes problem:
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EXAMPLE 7. LARGE STORAGE ARRAY '

|

The storage array described in Sect. Fi1.5.6.3 and Fig. F11.5.15 is such a sparse array that the
mixture map had to be very large in order to show the detail of the shelves and uranium buttons. The .
mixture maps for this configuration were not presented in Sect. F11.5.6.3 but the data description was

,

listed so the user could generate them. It may be useful to generate a unit map for this kind of prob-'

lem. The data description for generating unit maps for this storage array is given below. The unit

'

maps have been intentionally distorted by restricting the x direction which extends from 624.84 cm to4

30.48 cm to 60 lines. The z direction which extends from -10.0 cm to 196.0 cm is printed in 60
,

j characters. Thus the x direction is considerably compressed.

s

The plot data and unit map for an x-z slice through the array at y-30.48 cm is given in
i Figs. F11.5.56 and Fil.5.57. This unit map was created with z across the page and x down the page.

Thus, the unit map shows five rows of shelves in the x direction represented by I's for Unit I with the*

i aisles represented by 6's for Unit 6. The borders of Unit 7's are part of the concrete floor, walls, and
ceilings.*

,

,
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Fig. Fl1.5.56. Plot data for x-z slice of storage array
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Fig. Fil.5.57. x-z plot of storage array

9

The plot data and unit map for an x.y slice through the shelf are given in Figs. Fil.5.58 and
Fil.5.59. This unit map was created with x across the page and y down the page. This shows 5 rows

;

of shelves in the x direction represented by l's for Unit I and separated by aisles of 6's for Unit 6.'

| There are two rows of shelves in the y direction represented by I's for Unit I and separated by aisles of
4's for Unit 4. The border of 7's are part of the concrete walls. The x direction (down the page) is
considerably compressed.
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Fil.5.14 RESTART CAPABILTTIES

| Restart data can be written and used for restarting a problem. His type of data is saved by speci.

| fying a file definition card in the job control language on the unit associated with parameter WRS-

! when it is written, and RST- when it is read. Most input data can be changed or@ if the problem is
restarted with the first generation. However, certana parameter data can be changed if the problem is
restarted at a generation greater than one.

&

Parameters that can be changed when a probison is restarted at a generassos greater than one
include: RND , TME=, TBA=, GEN =, RES , LNG =, BEG =, AMX , XAP=, XSI , XS2=,'

PKI , PID , CKU , CKP=, CKH , CKA=, FMU , FMP=, FMH , FMA=, BUG =, TRK ,
PWT , PGM , RUN , PLT , NB8 , NL8=, and PAX . All the logical unit numbers can be
Changed.

;
'

If NSK- is changed, it will cause the fluxes, fission densities, leakage, absorptions, and fissions to
be incorrect.

FLX , FDN , FAR , MKU , MKP=, MKH- and MKA can be changed subject to the follow-
ing restrictions:

i

| 1. If the original problem specified YES, and the restarted problem specifies NO, the data will be
calculated but not printed. A warning message will be printed.

2. If the original problem necified NO and the restarted problem specifies YES, an error message is
printed and the problem is terminated.

I b
,

( - De parameters RUN- and PLT- differ from other parameters because they can be set la the
' parameter data and ovemdden in the plot data. noir values are stored in a common block that is writ-

ten out if a problem is to be restarted. Therefore, when a problem is run, the value entered in the plot
; data will override the value that was entered in the p=rr data. However, if the problem is re-
i started, the value from the restart file will be used unless it is overridden by entering additional data.
3

I If WRS is defined in the parameter data and RES- is not entered, a full restart data file is not
9 written. The input data are written on the restart data file but the calculated data are not. When the
N restart data file is written la this manner, it can only be used to restart a problem at the first genera-
2 tion. Any desired data can be overriddsa when a problem is restarted at the first generation. This is
. accomplished by reading in the desired data.
:

To write a complete restart data file, both WRS- and RES- must be specified in the parameter
data. However, WRS- is defaulted to 35 if a valus greater then zero is entered for RES=. In this
case, a file definition card for Unit 35 must be supplied by the user la order to save the restart data.

L
A problem that is restarted can also write a restart data file. These data are written on the same

'

data file if no entry for WRS- is made la the parameter data. It can be written on a different unit if
,

WRS- is so specified in the parameter data and the proper fils deflaition card is locluded la the jobi

'

control language. If a restarted problem does not have RES-0 specified la the parameter data, it will
continue writing calculated restart data. Therefore, the user can run a long problem a little bit at a .
time by allowing the restarted problem to write restart data and then restarting the problem with those

| data. This can be done la sequence until the desired number of generations have been completed.
t

. j

-... .- 4 ,,.- f .
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For example, consider a problem that is to run 500,000 histories (500 generations of 1000 histories T,
3

per generation) and the amount of computer time available at any given time is quite limited. On the
first pass, GEN-500 NPG-1000 RES-500 WRS-35 should be included in the parameter data and a

; unit specification for Unit 35 should be included in the job control language when the problem is run.
Note that 35 is an arbitrary number chosen by the user. KENO V will automatically pull the job
before it runs out of time or I/O's. A restart data file will be written on Unit 35 for the last generation
that was completed. If the user wishes to restart the problem by reading the data from Unit 35 and-

*

writing a new restart file on the same unit, the parameter data for the second and all subsequent passes
would be: READ PARAM BEG-500 RST-35 END PARAM.

The random sequence can be changed when a problem is restarted by entering a different random
number in the parameter data. The starting random number is acceptable for changing the raadam

' sequence of a problem that is to be restarted at a generation greater than one.

[ Parameter data can be changed by entering new values for the desired options. This has the effect
of inputting additional data within the parameter data block as explained in Sect. Fil.5.3. However,
all other data blocks that are to be changed must be entered as an entire data block and will completely"

replace that data block from the restart problem. When a problem is restarted and some of the data
are overridden, the original restart data blocks are retained on the unit defined by WRS=, if it is the
same as the unit defined by RST=. If the unit number associated with WRS- is different from the
unit number associated with RST , the resultant data blocks are written on the unit number associated
with WRS=. For example, if the original problem is a single unit problem with RST-95 and'

WRS-95, and an array data block is entered to change it to an array problem, the original single unit
problem data blocks rmania on Unit 95. However, if the single unit problem is restarted with RST-95
and WRS-96, and an array data block is entered to change the problem to an array problem, the origi-,

nal single unit data blocks remain on Unit 95 and the resultant array problem data blocks are retained (]
} on Unit 96.

When a problem is restarted, the only way to change data in a data block is to reenter a new data
block. For example, if in the original problem an array data block was entered as: READ ARRAY'

NUX-Il NUY-5 NUZ-3 END ARRAY and the problem is to be restarted at the first generation
J as an lix5x6 array, the following data block must be entered: READ ARRAY NUX-Il NUY-5
k NUZ-6 END ARRAY.
1

Section Fil.2.6 contains some information pertaining to the restart capability. Other information-

may be found in Sect. Fil.4.3. The structure of the restart file is listed in Table Fil.5.2, and the
I variables referenced in that table are listed in Table Fil.5.3.

Fil.5.11 RANDOM SEQUENCE;

The random number package utilized by KENO V always starts with the same seed and thus'

j always reproduces the same sequence of random numbers. The current random number is printed at

j various places in the KENO V printout, and any of them esmpt the one printed in the parameter table
; can be used to activate a different randoes sequence. The user can rerun a problem with a different

; random sequence by simply entering a h==idarimal random number, other than the starting random
: number, in the parameter data. The last digit of the random number should always be an odd number.

( For example, by entering RND- A10C1893E6D5 in the parameter data, the problem will be run with a

L different random sequence.

|

L )
:

i
r
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Table Fil.5.2. Structure of RESTART file

Record number Contents

(1) TITLE (20), NBA, NPB, NSKIP, NRSTRT, NBANK, NFBNK, NXBNK,
NXFBK, NUMX1D, TMAX, TBTCH, RNDNUM, LOG'l(36)
(This record contains the title and parameter data.)

(2) MT(LMT) LMT - 5 + NUMX1D
.

(This record contains the identifiers of the 1-D cross-
section arrays.)

(3 to NUMPT+2) NDX-1,NUMPT NUMPT - 11

:
(a) NDX,NREC

(This record contains the index for each type of data and the number of
records of data ==aciated with each type of data.)'

(b) NREC I records of data
(These records contain the data associated with the specified type of data.)

NDX - 1 (geometry data)

(bt) LLNGTH, KMAX, KREFM, NGBLU, NBOXT,MAXMIX,
MAXIMP, NUMHOL, NUCOM, EXRFL, LFIL, LFIL, LFIL

- (b2) MAT (KREFM), IMP (KREFM), FGEOM(KREFM),
IGEOM(KREFM), XX(7,KREFM), KBNDSl(NBOXT),
KBNDS2(NBOXT), IFH(KREFM), ILH(KREFM),
KHOLE(NUMHOL), LHOLU(NUMHOL), HOLX(NUMHOL),
HOLY (NUMHOL), HOLZ(NUMHOL), ICOMC(NBOXT),
UCOMNT(33,NUCOM)

:

NDX = 2 (array or unit orientation data)

(b t) LLNGTH, NGLOBL, MAXARA, NACOM, LSGUN, MBOX, LFIL,
LFIL

(b2) NBXMAX(MAXARA), NBYMAX(MAXARA), NBZMAX(MAXARA),
'

ITYPE(MAXARA), LPT(MAXARA), LNG (MAXARA),
ICOMA(MAXARA), ACOMNT(33,NACOM)

I=1 MAXARA (De following records are written for each array
if multiple units are entered in the geometry data.),

'

(b3) IF (LFT(I).GT.0) LBA(NBXMAX(I),NBYMAX(I),NBZMAX(I))

NDX - 3 (mixing table data)
.t

(bt) LLNGTH, NMIX, NSCT, MIX, MIXT, NPL

(b2) MIXTUR(NMIX), NUC(NMIX), DEN (NMIX)

NDX - 4 (extra data)

. _ . . _ _ , _ .,.. . . . .
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)Table Fil.5.2 (continued)

Record number Contents

(bi) LLNGTH

(b2) D(LLNGTH)

; NDX - 5 (weighting function by energy group and importance reg.)

: (bt) LLNGTH, NIMP

' (b2) WTAVG(NGP,NIMP)

NDX - 6 (start data)i

4

I (bt) LLNGTH, NTYPST, TFX, TFY,TFZ, NBXS, NBYS, NBZS
KFIS, LFIN, NBOXST, FRACT, FISVOL, XSM, XSP,

,

YSM, YSP, ZSM, ZSP, RFLKEY, LPRT6, LPSTP, LFIL

(b2) IF (NTYPST .EQ. 6) X(NPB), Y(NPB), Z(NPB),
NBX(NPB), NBY(NPB), NBZ(NPB)

; NDX - 7 (albedo data)
r),

(bt) LLNGTH, NALB, NANG, NG, INTR (6) ,RNAMES(2,6), O/
IDALB(6), NBXL(6), LNXX

IF (NALB .GT. 0)

} (b2) NABS (3,NALB), LABS (3,NALB)
(b3) MAL (3,NANG,NG)

[ (b4) EALB(NG+1) (group boundanes)

I=1,NALB*

(b5(i)) PLIM(NANG), CPOL(NANG), SPOL(NANG),

t

t (b6(i)) ALB(LENG) (LENG is tbs length of the albedos

} for a given angle.)

(b7(i)) A(LENG,NANG)

} NDX - 8 (mixed cross sections)

i (bt) LLNGTH, MATT, NGP, NSCT

(b2) LXS(MANG, MATT) MANO - 2*NSCT + 4
,

)

. . . . . . .-. . ~

- .. . ._



, . .

- -- .

.

Fil.5.113

Table Fil.5.2 (continued)

Record number Contents

I = 1, MATT for each existing mixture

(b3(i)) ID(50) the mixture information record

(b4(i)) X1D(NNID,NGP+1) NNID - ID(28) no. of I D's

(b5(i)) MWA(3,NGP)

(b6(i)) P0(LNG) LNG - MWA(2,NGP)

J - 1 NSCT
i

(b7(id)) ANG(LNG)

(b8(ij)) PRB(LNG)

NDX = 9 (energies and inverse velocities)

(bi) LLNGTH

(b2) E(NGP+1), VINV(NGP)i

'

NDX = 10 (piot data)

(bt) LLNGTH, NUMPLT

I = 1, NUMPLT
!

(b2(i)) XL, YL, ZL, XR, YR, ZR, VX, VY, VZ, UX, UY,
| UZ, DELV, DELU, NV, NU, LPIC, PTITL(33), .

! TABLE (59)

NDX - 1I (biasing data)

(bl) LLNGTH, NUMIDS, NCS, NTSETS

IF ((NUMIDS + NCS).GT.0),

(b2) ID(NUMIDS), IBGN(NUMIDS), IEND(NUMIDS),
WTTITL(3,NUMIDS), NCID(NCS), NCSETS(NCS),

"

CRDTTL(3,NCS), NCTHK(NTSETS), NUMINC(NTSETS),
NGPWTS(NTSETS), IPTWT(NTSETS)

.

I-1.NCS

J -1. NSETS(I)

(b3(id)) WTAVG(NGPWTS(j,1),NUMINC(j,1))

(14 to END) calculated data as listed below

.. - .. . . - _ .
.

_

_ _ - _ _ _ _ _ _ _ _ . - - _ _ _ _ _ _ _ _ _ _ . _ _ _ - - _ _ _ .
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Table Fil.5.2 (continued)
*

'

Record number Contents

(a) IGEN, RND, NPB, NGP, KMAX, LBANK, NBANK, LIF(50),
LOJIC*1(36), EFFK(IGEN)
(This record contains parameter data, COMMON /LIFETM/;

part of COMMON / LOGIC / and k-effectives by generation.)

(b) NUBANK(LBANK,NBANK)
,

9

(c)IF(LOJIC(4)) FISDEN(KMAX)
(If fission densities are calculated, the fission densities are.

written on the restart fde.)

:
(d) IF(LOJIC(10))

TP(MATD'.M.MATDIM,3), SNP(MATDIM), SP(MATDIM)
(If matrix tinta by position are calculated, the matrix by position

'

data are written on the restart file.)
#

(c) IF(LOJIC(7))
TU(NBOXT, NBOXT,3), SNU(NBOXT), SU(NBOXT)

i (If matrix data by unit are a=le=8-*M the matrix by unit data
are written on the restart file.)

(f) IF(LOJIC(13))
' TH(NUMHOL,NUMHOL,3), SNH(NUMHOL), SH(NUMHOL)

(If matrix data by hole are calculated, the matrix by hole data
are written on the restart fde.)

! (g) IF(LOJIC(17))
> TA(NUMARA,NUMARA,3), SNA(NUMARA), SA(NUMARA)
I (If matrix data by array are calculated, the matrix by array data

are written on the restart fde.)

(h) I to NGP (the following records are written for each energy group.

(hl) IGROUP, FLEAK(3)
!

i (h2) FMABS(LREO,3), FMFIS(LREG,3)

(h3) IF(LOJIC(3)) FLUX (KMAX,3) *

{ Repeat (a through h) until LOJIC(34) is TRUE, Le., until the last

! generation is completed.
/

.

L
!

|
| ,, . ._ - -.
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'

Table Fil.5.3. Key of RESTART file variables
.,

TITLE 80 Character KENO problem title
NBA Number of generations in the KENO problem
NPB Number of histories per generation
NSKIP Number of generations to be skipped in averaging k-effective
NRSTRT Number of generations between writing restaat data
NBANK Number of positions in the neutron bank

,

NFBNK Number of positions in the fission bank ,

1 NXBNK Number of extra entries in the neutron bank
NXFBK Number of extra entries in the fission bank
NUMXID Number of extra 1-D cross aareia==
TMAX Time allowed to executs the problem
TBTCH Time allowed for each generatioc
RNDNUM Random number with which the problem will be started
LOG COMMON / LOGIC /

LMT Number of I D cross-section identifiers. LMT - 5 + NUMX1D
MT Array containing the I D cross-section identifiers

NUMPT Number of kinds of data that are written on the restart file
: NDX Index for the type of data

NREC Number of records for the specified type of data
,

NDX - 1 geometry data

i h' LLNGTH The length of record b2
KMAX Number of geometry regens used
KREFM Number of geometry cards read in the geometry data

| NBOX Largest unit or boxtype number in the geometry data
NBOXT NBOX + the number extra units generated by KENO

" MAXMIX Largest mixture number encountered in the geometry data

: MAXIMP Largest biasing number encountered in the geometry data

] NUMHOL Number of holes in the geometry data
i EXRFL Logical flag. Value is TRUE if a reflector is present

MBOX Logical flag. Value is TRUE if multiple units are entered
LFIL logical *l blank variable used to pad to full word boundary
MAT Array containing the mixtures used in the geometry
IMP Array containing the bias ID's used in the geometry4-

FGEOM Array containing the geometry words used in the geometry
,

IGEOM Array containing the shaps identifiers used in the geometry
XX Anay of geometry dimensions'

KBNDSI Array of the first geometry region number in each unitg
1 KBNDS2 Array of the last geometry region number in each unit
; IFH First hole number encountered in each geometry region

ILH Last bois number encountered in each geometry region
KHOLE Region number that contains the holeu

| LHOLU Unit that is placed in the hole
HOLX X coordinate of the origin of the unit in the hole with

respect to the unit that contains the hole j
HOLY Y coordinate of the origin of the unit in the hole with

_'
respect to the unit that contains the hole

' HOLZ Z coordinate of the origin of the unit in the hole with
respect to the unit that contains the hole

NUCOM Number of geometry comments
UCOMNT Comments

|
-- - . _ _ . - .- _ . _ - .X_[ .. ? T - - _ _ - - - . . _-_ _- - . ~.L N
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Table Fi1.5.3 (continued)
5

NDX = 2 array or unit orientation data
'

LLNGTH length of the b2 record
NGLOBL Global army number
MAXARA Largest array number encountered in the array data
ISGUN Logical flag. Value is TRUE if there is no array present
LFIL 1.ogical*l blank variabis used to pad to full word boundary
NBXMAX Number of units in the X direction of each array
NBYMAX Number of units in the Y direction of each array
NBZMAX Number of units in the Z direction of each array
ITYPE Pitch indicator, I for square pitched arrays
LPT Pointer to locate the beginning of each unit orientation array
LNG Length of each unit orientation array
LBA Contains the unit orientation arrays for all arrays
NACOM Number of array comments

' ACOMNT Comments

NDX = 3 mixing table data

LLNGTH Length of b2 record
NMIX Number of entries in the mixing table
NSCT Number of scattering angles
MIX Number of different mixtures to be mixed
MIXT Largest mixture number to be mixed 3

NPL Order of Legendre coefficients + 1 Q'
PBXS Cross-section message cutoff value O
MIXTUR Array of Mixture numbers used in the mixing table
NUM Array of the nuclide ID numbers used in the mixing table
DEN Array of the number densities used in the mixing table

'
NDX - 4 extra data

i

| LLNGTH Length of b2 record
LENGTH D(LENGTH) is the data contained in the b2 record q I

'

'
\.

NDX - 5 weighting function
.

LLNGTH Length of b2 record
NIMP Number of biasing regions
WTAVG Average weight by energy group and biasing region ,.

iiDX = o umas data (initial we:e distribution)*

,

; LLNGTH Length of b2 recmf
*

NTYPST Start type to defis e the initial source distribution s
.

TFX X coordinate of 6eutron starting point
TFY Y coordinate of neutron starting point
TFZ Z coordinate of neutron starting point
NBXS X ladex of unit's position in the global array , ,

NBYS Y index of urtifs position in the global array
NBZS Z index of un'i.'s position in the global array A, )
KFIS Mixture whoid fision spectrum is used for initial source

'

*
LFIN Last neutron to be started at the specified point
NBOXST Unit in yhich neutrons will be started
FRACT Fraction of initial source to be started as a spike

, ,

/

*

. , s* ~~ . ,,
-
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Table Fil.5.3 (continued).

FISVOL Fraction of global system that contains fissile material
XSM -X dimension of cuboid in which neutrons will be started

i

XSP +X dimension of cuboid in which neutrons will be started
YSM -Y dimension of cuboid in which neutrons will be started
YSP +Y dimension of cuboid in which neutrons will be started
ZSM -Z dimension of cuboid in which neutrons will bs started
ZSP +Z &====== of cuboid in which neutrons will be started
RFLKEY Logical variable. Set TRUE if neutrons can be started in reflector
LPRT6 Logical variable. Sr.t TRUE to print start type 6 data
LPSTP Logical variable. Set TRUE to print initial source points
LFIL Logical *1 blank variable used to pad to full word boundary
NPB Number of histones per generation
X X coordinate of neutron starting point for stat type 6
Y Y coordinate of neutron starting point for start type 6
Z Z coordinate of neutron startmg point for start type 6o
NBX X index of unit's position in the global array for start type 6
NBY Y index of unit's position in the global array for start type 6
NBZ Z index of unit's position in the global array for start type 6

NDX = 7 albedo data

i LLNGTH Length of b2 record

,
NALB Number of different differential albedos to be used
NANG Number of angles available in the albedo function1 q
NG Number of energy groups available in the albedo function, .e

INTR Type of boundary condition for each face
RNAMES Name of boundary condition

.

IDALB Index to the correct set of albedo data
P NBXL Specifies the face where the history will reenter

LNXX Logical flag. Set TRUE for either specular or differential reflection"

NABS Pointers into the albedo data for each albedo useda
]! LABS Length of the albedo data for each albedo used

MAL Pointer array for albedos''

EALB Energy boundaries for albedos
PLIM Incident polar angle bins
CPOL Cosine of returning polar angle

| SPOL Sine of returning polar angle
y ALB Probabilities for the returning energy group

a 'f ALB Probabilities for the returning angle *

LENG Length of albedo data for a given angle

j NDX - 8 mixed cross sections

LLNGTH Length of b2 record;-
MATT Number of mixtures used in the problem<

NGP Number of energy groups from the cross section file
,

,

U NSCT Number of scattering angles
a LXS Length of each cross-section set

MANG 2*NSCT + 4
ID Head record from mixed cross-section file
XID l-D cross sections.

r , ,

w . wy ' a s -.
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Table F11.5.3 (continued)
'

NNID Number of I-D cross sections (ID(28))
MWA Pointer array for cross sections
PO Group to-group transfer probabilities
ANG Scattering angies

' PRB Probabilities for scattering at angle ANG
LNG Length of the P0 arrays

NDX - 9 energies and inverse velocities,

LLNGTH Length of b2 record
NGP Number of energy groups
E Energy group bounds

t VINV Inverse velocities

NDX 10 plot data

LLNGTH Length of b2 record
NUAfPLT Number of plots to be generated
XL X coordinate of the upper left corner of the plot
YL Y coordinate of the upper left corner of the plot
ZL Z coordinate of the upper left corner of the plot
XR X coordinate of the lower right corner of the piot
YR Y coordinate of the lower right corner of the plot'. ZR Z coordinate of the lower right corner of the plot ]'VX X component of the directon cosine for the across axis of the plot

' Vi Y component of the direction cosine for the across axis of the plot
VZ Z component of the direction cosine for the across axis of the plot
UX X component of the direction cosine for the down axis of the plot

,

UY Y component of the direction cosine for the down axis of the plot,

j UZ Z component of the direction cosine for the down axis of the plot
i DELV Horizontal spacing between points on the plot
1 DELU Vertical spacing between points on the plot

NV Number of characters across the plot
,

NU Number of characters down the plot'

' LPlc Plot type indicator. LPIC-1 mixture, LPIC-2 unit, LPIC-3 bias ID
i PTITL Plot title,80 characters

TADLE Characters used in plot,59 characters

j NDX - 11 biasing data

LLNGTH Length of b2 record
NUMIDS Number of bias ID's requested

| NCS Number of bias-ID's entered from cards
*

NTSETS Total number of group structures for all ID's'
ID ID number or set of weights to be read frem WTS file
GGN Beginning importance region number assigned to ID
IEND Ending importance region number assigned to ID
WTTITL Title associ'ted with the ID
NCID ID to he read from cards }-

.
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Table Fil.5.3 (continued)

NCSETS Number of troop structures to be read from cards
CRDTTL Title associated with the ID read from cards

| NCTHK Thickness per increment from cards j
NUMINC Number of increments from cards ;

'

NGPWTS Number of energy groups for this set of weights
IPTWT Pointer into the weights from cards
WTAVG Weighting function by energy group and importance region
IGEN Generation for which this set of res; art data was written

RND Last random number that was used
NPB Number of generations
NGP Number of histories per generation
KMAX Number of geometry regions used
LBANK Number of positions per neutron in the neutron bank

- NBANK Number of positions in the neutron bank
'

LIF An array equivalenced to COMMON /LIFETM/
LOJIC An array equivalenced to COMMON / LOGIC /'

EFFK Array containing k-effectives by generation
NUBANK The neutron bank, NBANK by LBANK
FISDEN Array containing the fission densities
TP Fission production matrix by array position
SNP Eigenvector of the fission production matrix by array position
SP Source vector by array position
TU Fission production matrix by unit:

Q SNU Eigenvector of the fission production matrix by unit
SU Source vector by unit-

TH Fission production matrix by hole
SNH Eigenvector of the fission production matrix by hole
SH Source vector by hole

. TA Fission production matrix by array
SNA Eigenvector of the fission production matrix by array

! SA Source vector by array

i IGROUP Current energy group
FLEAK Leakage fraction-

'

FMABS Abwrption fraction
FMFIS Total fission production

.

FLUX Flux
LOJIC(4) Key indicating whether to calculate fission densities

Specified by entering FDN= in the parameter data
,

LOJIC(10) Key indicating whether to calculate matrix data by position
Specified by entering MKP- in the parameter data

,

LOJIC(7) Key indicating whether to calculate matrix data by unit
Specified by entering MKU- in the parameter data:t

LOJIC(13) Key imhcating whether to calculate matrix dcta by hole>

Specified by entering MKH- in the parameter data
'

Key indicating whether to calculate matrix data by arrayLOJIC(17) .
Specified by entering MKA- in the parameter data

LOJi k j Key indicating whether to calculate fluxes'

Specified by entering FLX- in the parameter data

r ,
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F11.5.12 MATRIX K-EFFECTIVE ')

Matrix k-effective calculations provide an alternate method of calculating the k-effective of the sys-
tem. Cofactor k-effectives and source vectors are additional information that can be provided when the
matrix k-effective is calculated. The necessary source and fission weight data are collected during the
neutron tracking procedure in subroutine TRACK. This information is converted to a FISSION PRO-

,

DUCTION MATRIX which is the number of next generation neutrons produced at J by a neutron
born at I. The principal eigenvalue of the fission probability matrix is the matrix k-effective. KENO V
offers four alternatives when calculating matrix k. effective as discussed below:

| (1) If MKP-YES is specified in the parameter data, the fission production matrix is collected by
I array position or position index. The position index is used to reference a given location in a
: three-dimensional lattice. For a 2x2x2 array there are eight unique position indices as shown

below.
,

POSITION POSITION
INDEX X Y Z

1 1 1 1

2 2 1 1

3 1 2 1

4 2 2 1

5 1 1 2
6 2 1 2
7 1 2 2s

i g 2 2 2 Q
De fission production matrix is the number of next gdneration neutrons produced at index J by a

neutron born at index I. This matrix is used to calculate the matrix k-effective, cofactor k-effectives
',

and the source vector by position index. Because the size of the fission probability matrix is the square
; of the arra; size (for a 4x4x4 array there are 4096 entries), it can use vast amounts of computer

memory.

(2) If MKU-YES is specified in the parameter data, the fission production matrix is collected by-

unit or box type. It is the number of next generation neutrons produced in unit or box type J by.

a neutron born in unit or box type I. This matrix is used to calculate the matrix k-effective,
cofactor k-effectives and source vector by unit or box type.

(3) If MKH-YES is specified in the parameter data, the fission production matrix is collected by
hole number. Matrix information cac be co'lected at either the highest hole nesting level (first*

: level of nestmg) or the deepest hole nesting level HHL-YES specifies that the matrix informa ~
tion will be collected at the first nesting level By default, the matrix information is collected atg

{ the deepest nesting level ne fission production matrix is the number of next generation neu-
i trons produced in hole J by a neutron born in hole 1. This matrix is used to calculate the matrix

{ k-effective, cofactor k.effectives and the source vector by hols.,
'

(4) If MKA=YES is specified in the parameter data, the fission production matrix is collected by
array number. It can be collected at the highest array level (first level of nesting) or at the
deepest array level HAL-YES specifies that the matrix information will be collected at the,

first nesting level By default, the matrix information is mil-M at the deepest nesting level.
The fission production matrix is the number of next generation neutrons produced in array J by ,

a neutron born in array I. This matrix is used to calculate the matrix k-effective, cofactor k- )
effectives and the source vector by array.

4
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i

The user can simultaneously utilize all methods of calculating the matrix k-effective. De results )
are labeled in tise printout. Matrix k-effectives cannot be calculated for a single unit problem. If the |

user wishes to do so, the geometry description must have a cube or cuboid as its outer region and the
problem description should include READ ARRAY END ARRAY. Dese two actions convert the sin-
gle unit problem into a lx1xl array.

A cofactor k-effective is the eigenvalue of the fission production matrix, reduced by the row and col-
umn that references the specified unit or position index. The difference between the k-effective for the
system and the cofactor k-effective for a unit or position index is an indacation of the in situ k-effective
of that unit or the contribution that unit makes to the k-effective of the system. The cofactor k-
effective of a unit devoid of fissile material should approximate the k-effective of the system.

F11.5.13 DEVIATIONS

When a deviation is calculated by KENO V, it is the standard deviation of the mean. This assumes
a large sampic having a normal distribution. If recults do not fall in this category, the deviations
cannot be assumed to be correct. If results are correlated, the calculated deviations will be in error.

Fil.5.14 GENERATION TIME AND LIFETIME

The generation time and lifetime calculations utilize the average velocity. The validity of these cal-
culations is determined by how accurately the average velocity represents the spectrum over the range
of the energy group.;

'

F11.5.15 REFERENCE -

1. S. K. Fraley, Users Guidefor ICE-II, ORNL/CSD/TM-9/R1 (July 1977).
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Fig. Fil.6.2. Sample program verification table
.

.

,

i Fil.6.3 TABLES OF PARAMETER DATA
:
;

The first two tables printed by KENO V list the numeric parameters and logical parameters that
are used in the problem. They should always be examined by the user to verify that the parameter data

! block was input as desired. Examples of these tables are shcwn in Figs. Fil.6.3 and Fil.6.4.
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. T.
The title of the problem is printed at the top of each table. The first table, shown in Fig. Fil.6.3, '

lists the numeric parameter data. It contains a triple column that lists the applicable parameter key-
word used to input the data, a brief explanation of its meaning, and the associated data value. The last
two entries in this table are slightly different than the others because a keyword is not listed with them.
The INPUT DATA WRITTEN ON RESTART UNIT is set YES if a unit number is provided for
writing restart data (WRS-). The BINARY DATA INTERFACE is set YES if a unit number is pro-
vided for readmg restart data (RST=).''

; The second table, shown in Fig. Fil.6.4, lists the logical parameter data. It matains two triple
columns, each listing the apphcable parameter keyword, a brief explanation of the parameter's function,
and the value associated with the parameter. Messages concerning the parameter data may be printed
at the bottom of the tabic. If the problem is one that is being restarted, the title of the parent case is

'

printed at the bottom of the table. If the restart title or messages r.re not printed, the bottom section of,

the table is omitted. If the user desires to change some of the data in these tables, the appropriate
parameter keyword must be entered in the parameter data followed by an equal sign and the desired

.
value. Following this table is a statement affirming completion of the parameter input and a statement

*

of the number of I/O's used in reading the parameter data. At this point the unprace=d input geome-
try may be printed as described in Sect. Fil.6.4. These data are followed by a statement affirming
the completion of the data reading.

F11.6.4 UNPROCESSED GEOMETRY INPUT DATA

This prietout is optional and is usually used to locate code difficulties, to show all the geometry
; input data when only part of it is used in the problem, or to show the order in which units were entered.

It is considered debug information and is printed only if PGM-YES is specified in the parameter input h'

i data as described in Sect. Fil.4.3. Stand rd KENO V use does not require printing this data
! because the pid geometry that is used in the problem is always printed. See Sects. Fil.6.15'

and Fil.6.16 for examples of the standard printed KENO V geometry data. An example of the data
printed in the unprW geometry input data is shown in Fig. Fil.6.5. The unprocessed geometry is

; printed by subroutine KENOG.

When the unpid geometry input is printed, the problem title is located at the top of the page,
followed by the heading " GEOMETRY DESCRIPTION INPUT." The region-dependent geometry,

1 information is then printed. If the problem contains a unit orientation array, the problem title is
printed again, followed by the unit orientation. This is followed by a statement affirming the comple-*

tion of the data input.

i F11.6.5 TABLE OF DATA SETS USED IN THE PROBLEM

l

i This is the third table of data printed by KENO V. It should be carefully scrutinized to verify the
i desired data set name is associated with the proper unit number and volume. An example of'this table
3 is shown in Fig. Fil.6.6.
|
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Fig. F11.6.6. Sample table of data sets used in the problem

4

This table, printed from subroutine DATAIN, lists unit numbers that are specified in the parameter
J data or are defaulted in the code, and information pertment to them. This information is given in the

following order, left to right: (1) the keyword used in the parameter data to define the unit number,
(2) the unit number, (3) the data set name, (4) the name of the volume on which the data set resides,
and (5) the type of data contamed on the data set. His table can be useful for quality assurance pur.
poses. Information for units whose default values have not been overndden are printed even though

,

[ they may not be used in the problem. Information for every unit specified in the parameter data is also
'

sy printed. Units 8,9, and 10 are the direct access devices and their unit numbers are fixed within the
code. This table is followed by a statement of the number of I/O's used prepanng the input data and
writing it on the direct access data sets.

3

:

I F11.6.6 MIXING TABLE DATA
i

| Dese data are printed by subroutine PRTMIX only if a mixing table data block is entered in the

! problem. It is not considered optional because it cannot be suppressed. A sample of the mixing table
data is shown in l~g. F11.6.7.-

i The data printed in this table include the problem title and the number of scattering angles. This is
: followed by the entry number, the mixture number, the nuclide ID number and the number density for

each entry, printed in co.'umcar form. After all the entries have been printed, the number of I/O's used'

in mixing the cross sectmes is printed. If extra 1-D cross secdons were specined in the problem (see
,

XID=, Sect. Fil.4.3), the. extra 1.D cross-section ID's will be printed. If the number of blocks on
i the direct access data set are insufficient to hold the cross-secten data, a message is printed stating:
; THE NUMBER OF DIRECT ACCESS BLOCKS ON UNIT HAS BEEN INCREASED
j TO If the problem is to write a restart data set (RES , Sect. Fil.4.3) a message is printed
; stating that restart information was written and the restart I/O unit number is specified. This is foi-
j lowed by a statement of the number of I/O's used in prepanns the cross sections.
:
f

f .g5
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Fig. Fil.6.7. Example of mixing table data

The user should examine the mixing table carefully to verify that the proper nuclides are specified for
the proper mixtures and that all the number densities are correct. The mixing table is printed in sub-
routine PRTMIX. Following this table is a statement of the unit number from which the cross-section
data were read, and a list of the cross section ID's and their titles. This information is printed by sub-

. routine MIXMIX.

,

$ F11.6.7 ALBEDO. CROSS SECTION CORRESPONDENCE .^.

.

]
Printing the albedo cross-section correspondence tables is optional. The headings for the tables are'

printed in subroutine CORRE, then subroutine RATIO prints the data. These tables are printed only
if PAX-YES is specified in the parameter data as described in Sect. Fil.4.3. Examples of these
tables are shown in Figs. Fil.6.8 and F11.6.9.
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! Fig. Fil.6.8. Cumulative probabilities for correlating the albedo
energy group to the cross-section energy groupj
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Fig. Fil.6.9. Cumulative probabilities for correlating the cross.section
energy group to the albedo energy group

'

The table shown in Fig. Fil.6.8 contains, left to right, the cross-section energy group, the lower and
upper lethargy bounds, the corresponding albedo energy groups and the cumulative probability asso-
ciated with each albedo energy group for choosing the albedo energy group corresponding to the cross-
section energy group. The table shown in Fig. Fil.6.9 is the inverse of the table shown in
Fig. F11.6.8. It provides the cumulative probabilities for choosing tLe cross-section energy group
corresponding to the albedo energy group. The information in these tables is automatically generated
by KENO V.

i

F11.6.8 1-D MACROSCOPIC CROSS SECTIONS
,

The decision to print the 1.D mixture cross sections is optional. They are printed in subroutine
PRTIDS only if XSl=YES is specified in the parameter data as described in Sect. Fil.4.3. When
the 1.D cross sections are to be printed, they are printed a group at a time for each mixture. The I.D
mixture cross sections for a mixture are shown in Fig. Fil.6.10.
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T
When the I D mixture cross sections are printed, the problem title is printed at the top of the page.

'

The mixture ID and MATERIAL numbers are then printed. ID is the mixture number from the mix-
ing table and MATERIAL is the index used to reference it. This is followed by a heading to identify
the different 1-D cross sections. GROUP is the energy group, SGT is the total cross section for the
mixture, NAP is the nonabsorption probability, NFP is the production probability, CHI is the fission
spectrum, MWAl is the pointer for the first position of the cross sections for the energy group, MWA2
is the pointer for the last position of the cross sections for the energy group, and MWA3 contains the
group for the transfer corresponding to the first position. SUM is the sum of the absorption probability
and the nonabsorption probability. De absorption probability is defined as the absorption cross section
divided by the total cross section. The nonabsorption probability is the sum of the group to-group
transfers for this group, divided by the total cross section. The production probability is defined as the
fission production cross section divided by the total cross section. De nonabsorption probability and
the production probability are not true probabilities in that they may be greater than one. This is
because the nonabsorption probability has the (n,2n) transfer array summed into the total transfer
array twice, and the (n,3n) is summed three times, etc. The production prcbability is vI and can alsof

be greater than one.

F11.6.9 EXTRA 1-D CROSS SECTIONS

Printing the extra 1 D cross sections is optional. They are printed in subroutine PRTIDS if
PID=YES is specified in the parameter data (Sect. Fil.4.3). Extra 1-D cross sections are not used in
KENO V unless NUB-YES is specified in the parameter data or the user has altered the code to
access and utilize other 1 D cross sections. If NUB-YES is specified, the extra 1-D cross section is the
fission cross section, and is used to calculate the average number of neutrons per fission. This is printed Q'
only for fissile mixtures as shown in Fig. Fil.6.10. The fission cross-section heading is XSEC ID 18 '/.

and it follows the table of 1-D cross sections.

F11.6.10 2-D MACROSCOPIC CROSS SECTIONS

The decision to print the 2-D mixture cross sections is optional. They are printed in subroutine
PRT2DS only if XS2-YES is specified in the parameter data. They are printed after the 1-D cross
sections for the mixture. A heading is printed, followed by the transfer data. An example of the 2-D
mixture cross sections is given in Fig. Fil.6.11.
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Fig. F11.6.11. Example of 2 D macroscopic cross sections
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Fil.6.11 PROBABILITIES AND ANGLES
1
r
' Printing the probabilities and angles is optional They are printed if the number of scattering angles

is greater than zero and XAP=YES is specified in the parameter data as described in Sect. Fil.4.3.
The probabilities and angles are printed for each mixture by subroutine PRT2DS. An example of the
probabilities is shown in Fig. Fil.6.12 and an example of the angles is shown in Fig. Fil.6.13. If
the group to. group transfer for a mixture is isotropic, the first angle for that transfer will be set to .2.0
as a flag to the code.
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Fig. Fil.6.12. Example of macroscopic probabilities
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Fig. Fil.6.13. Example of macroscopic angles

F11.6.12 TABLE OF ADDITIONAL INFORMATION

This is the fourth table of data printed by KENO V. It contains information determined by the
input data and is printed by subroutine NSUPG. An example of this table is shown in Fig. Fil.6.14.
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Fig. F11.6.14. Sample table of additionalinformation

This table should be examined by the user to verify the problem data. The NUMBER OF
ENERGY GROUPS is read either from the Monte Carlo formatted library, identified by the keyword
XSC and the unit function name MIXED CROSS SECTIONS from the Table of Data Sets in
Sect. Fil.6.5, or from the restart unit, identified by the keyword RST and the unit function name, ]-L READ RESTART DATA. The NO. OF FISSION SPECTRUM SOURCE GROUP is the number of

1 different energy groups for which a fission spectrum is defined. In the present version, this number
should always be one. The NO. OF SCATTERING ANGLES IN XSECS is the number of scattering
angles to be used in processing the cross sections. De default value is one, and may be overridden by

,
specifying the parameter SCT= in the mixing table input as described in Sect. Fil.4.10. One scattere
ing angle yields P cross sections, two scattering angles yield P cross sections, three scattering angles*

i 3

] yields P cross sections, etc. ENTRIES / NEUTRON IN THE NEUTRON BANK specifies the num-3

ber of pieces of data that are banked for each history during tracking. ENTRIES / NEUTRON IN
THE FISSION BANK is the amount of data stored for each source neutron for each generation.

The NUMBER OF MIXTURES USED is the number of different mixtures (media) used in the
geometry data utilized by the problem. His may be less than the total number of different mixtures
specified in the geometry data if portions of the geometry data are not used in the problem.

The NUMBER OF BIAS ID'S USED is the number of different biasing regions used in the prob-
lem. His will always be one unless a biasing data block is entered in the problem as described in
Sect. Fil.4.7..

L The NUMBER OF DIFFERENTIAL ALBEDOS USED is the number of different differential
j albedo reflectors used in the problem. This will always be zero unless the boundary condition data
E specify the use of differential albedo reflection on one or more faces of the system as described in
L Sect. Fil.4.6. Also check the BOUNDARY CONDITION data printed in this table. The number
j- of different differential albedos specified on the faces should be consistent with the NUMBER OF DIF-
1: FERENTIAL ALBEDOS USED. Specular, mirror, vacuum, and penodic are not differential albedos.
j Be aware that several different keywords may be used to specify the same differential albedo. See
l Table Fl1.4.4 for a list of differential albedo keywords. s
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The TOTAL INPUT GEOMETRY REGIONS is the number of geometry regions specified in the
problem input. This excludes UNIT and BOX TYPE, but includes the core boundary description. It
excludes the automatic reflector description but includes the geometry regions generated by it. The
NUMBER OF GEOMETRY REGIONS USED is the number of geometry regions used in the prob-
lem. It may be less than or equal to the TOTAL INPUT GEOMETRY REGIONS. The NUMBER
OF GEOMETRY UNITS is the number of different units and/or box types described in the geometry
data. De LARGEST ARRAY NUMBER is the largest array number specified in the array data.
(See Sect. Fil.4.5.)

USE LATTICE GEOMETRY is deteramed by the logical flag that indicates whether or not the
problem is a single unit problem. This should be YES for any problem that is not a single unit problem
and NO for a single unit problem. By definition, a single unit problem is a problem that does not uti-
lize array data in any form. Section Fil.4.5 describes array data. The GLOBAL ARRAY NUMBER
is the number of the array designated as the global, overall or universal array. The global array can be
thought of as the array that defines the overall system.

De NUMBER OF UNITS IN THE GLOBAL X/Y/Z DIR. defines the size of the global array in
terms of the number of units and/or box types that are located along the edge of the array boundaries
in the x/y/z directions. For a single unit, all three of these should be zero. For a simple Ix1x1 array
consisting of one unit type, all three of these numbers should be one.

USE GLOBAL REFLECTOR indicates if the global array is reflected.

USE NESTED HOLES is set YES if holes are nested deeper than one level

NUMBER OF HOLES is the number of HOLES that are entered in the geometry region data
(Sect. Fil.4.4).

O The MAXIMUM HOLE NESTING LEVEL is the deepest level of hole nestag.

USE NESTED ARRAYS is set YES if arrays are nested deeper than one level

The NUMBER OF ARRAYS USED is the number of array descriptions (Sect. Fil.4.5) actually
used in the problem description.

MAXIMUM ARRAY' NESTING LEVEL is the deepest level of array nesting.
[

There are six BOUNDARY CONDITIONS printed near the bottom of the tabic. They show the
type of boundary condition that is apphed to each face of the system. These should all be VACUUM
unless albedo boundary conditions are applied to one or more faces of the system as described in
Sect. F11.4.6. Also refer to the NUMBER OF DIFFERENTIAL ALBEDOS USED, di "*-d pre-
viously in the description of this table of information.

FII.6.13 TABLE OF. SPACE AND SUPERGROUP INFORMATION

This is the fifth table printed by KENO V. It summanzes the space requirements for the problem
and prints information related to the supergroups. This table is printed by subroutines NSUPG and
LIMLN.
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Fig. Fl1.6.15. Sample table of space,and supergroup information

This table contains information about the space requirements of the problem and the number of
supergroups used in the problem. The table is basically self-explanatory.

The TOTAL SPACE AVAILABLE is the amount of memory, in words, available to contain the
,

data for the problem. The NONSUPERGROUP STORAGE is the number of words of memory con.
_S
.

! taining nonsupergrouped data. {j
t

j The bottom portion of this table contains information about the supergroups. Warning and error
i messages may appear in this portion of the table. The printed supergroup data include the supergroup

number, the first energy group in the supergroup, the last energy group in the supergroup, the length
(in words) of the cross-secten data for the supergroup, the length (in words) of the albedo data for the
supergroup, and the total length (in words) of all the data for the supergroup. This information is

i printed for each supergroup. Following the supergroup data are statements concerning the amount of
storage available for supergrouping, the amount of storage available for each supergroup, the number of
words of storage needed for the largest supergroup, the amount of storage needed to run the problem,
and the amount of storage that would be necessary to run the problem with one supergroup.

4

I F11.6.14 ARRAY SUMMARY

The arrays that are used in the problem are summartr5d in the table shown in Fig. Fil.6.16. This
table is printed by subroutine PRTARA whenever more than one array is used in the problem.
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Fig. Fil.6.16. Example of array summary
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The ARRAY NUMBER is the number by which the array is designated in the input data. He
number of units in the x, y, and z directions is listed for each array. The NESTING LEVEL indicates
the level of nesting for each array. The global, overall, or universe array is flagged by the word GLOBE
AL The global array should always appear at the first nesting level Arrays that have been placed in
the global reflector by using holes should also appear at the first nesting level A nesting level of one is
the highest or first nesting level. The larger the number in the nesting level column, the deeper the
nesting level

F11.6.15 GEOMETRY DATA

The geometry region data utilized by the problem are printed by subroutine PRTJOM and cannot
be suppressed. They should be carefully examined by the user to verify the mixture number, bias ID,
and geometry specifications used in the problem. If geometry region data are input but are not refere
enced in the unit orientation array data, they will not be printed here. An example would be to input
geometry region data describing Units I,2,3, and 4 and to utilize only Units 1,3, and 4 in the unit
orientation array. Den the geometry region data for Unit 2 will not be printed. An example of the
geometry region printout for a problem is given in Fig. Fil.6.17.
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The problem title and a heading are printed at the top of each page. REGION is the t'egion num- T
bet within a unit. Each unit has its regions numbered sequentially, beginning with one. MEDIA NUM
is the mixture number or mixture ID that occupies the volume defined by the region. BIAS ID is the
bias ID that corresponds to the desired set of weight average for biasing the region. The unit number is
printed at the top of each unit's geometry region description, near the center of the page. The data
printed for each geometry region include (1) the region number relative to the unit (numbered sequen-
tially within the unit), (2) the shape of the geometry region, (3) the mixture ID of the material within
the volume defined by the region, (4) the bias ID to define the average weight of a neutron in the
region, and (5) the dimensions defining the outer boundaries of the geometry region. If additional
geometry surrounds an array, a heading is printed stating: UNIT EXTERNAL TO LAT-
TICE The lattice number is the number of the array that is surrounded by the specified
geometry. The unit number is the unit or box type that contains the specified geometry. In the case of
an external reflector for the global array, the unit number is assigned by the code.

F11.6.16 UNIT ORIENTATION DESCRIli10N

Each unit orientation description defines the location of units in the three-dimensional lattice that
represents the specified array. The array that is described is identified in the heading UNIT ORIEN-
TATION DESCRIPTION FOR ARRAY The arrays used in the problem are stacked
together to represent the physical problem being analyzed. The unit orientation description is not
printed-if only Unit 1 is described in the problem. The user should carefully examine the unit orienta-
tion descriptions to assure proper placement of the units in each lattice. A sample unit orientation
description is shown in Fig. Fl1.6.18.

._.__. .._ _._ _.._. _ _
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..

..

Fig. F11.6.18. Example of unit orientation description

If a very large array is utilized by the problem, its unit orientation description may be spread over
several pages. When checking the printout, the user should pay careful attention to the headings which
indicate the portion of each lattice being printed. The unit orientation descriptions are printed in sub-
routine PRTLBA.

F11.6.17 VOLUME INFORMATION

De calculated volumes are printed by subroutine VOLUME and cannot be suppressed. The data
printed include the volume of each individual region, the cumulative volumes for each region in the unit
and the total volume of each region throughout the entire lattice. An example of the volume printout is 'h
given in Fig. Fl1.6.19. d
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|

| The unit number is printed under the heading UNIT. The REGION refers to the number of the
geometry region within the unit. The geometry regions within a unit are numbered sequentially, start-
ing with one. GEOMETRY CARD refers to the entry number for the individual geometry region.
These are numbered sequentially, starting with one, through the TOTAL INPUT GEOMETRY
REGIONS defined in Sect. Fil.6.12. The VOLUME is the net volume of the individual region. The
CUMULATIVE VOLUME is calculated from the dimensions of the region. For example, assume

,

I region I is a cube 3 cm on a side, region 2 is a cube 4 cm on a side, and region 3 is a cube 5 cm
H on a side. The CUMULATIVE VOLUME of region 1 is 9 cc, of region 2 is 16 a:, and region 3 is

25 cc.'
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Fig. Fil.6.19. Sampic volume information
!

The VOLUME of region I is i cc, region 2 is 5 cc (16-9), and region 3 is 9 cc (25-16). The
TOTAL VOLUME of each region is daermined by multiplying the VOLUME for a region by the

|| number of times the unit containing that region is used in the problem. The number of times a unit is
used in the problem is listed under the heading USES.

O F11.6.18 BIASING INFORMATION
?

q This table specifies the weighting or biasing data to be used in the problem. An example of biasing
information is given in Fig. Fl1.6.20.
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Fig. Fi1.6.20. Biasing information

The user is responsible for determining from the input data whether the group-dependent weights
(wtavg) for the specified material (s) were obtained from the weighting library or were entered by the
user. The group dependent weights can be printed for verification purposes as shown in
Sect. Fil.6.19.

F11.6.19 GROUP. DEPENDENT WEIGHTS
.

Printing the group. dependent weights is optional. They are printed by subroutine PRTWTS if
PWT-YES (Sect. Fil.4.3) is entered in the parameter data. An example of the printed group-
dependent weights is shown in Fig. Fil.6.21.
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Fig. F11.6.21. Example of biasing data

The title is printed at the to; of the table. The average weight (wtavg) is printed for each energy
group and each BIAS ID. The BIAS ID number printed at the top of the column corresponds to the
BIAS ID used in the geometry region description and printed m the biasing information.

F11.6.20 PICTURE OR PLOT REPRESENTATION

Printer plots representing twcxiimensional slices through the geometrical description of the problem
are optional. They are created if picture or plot data are entered as specified in Sect. Fil.4.ll unless
PLT-NO is specified either in the plot data or the parameter data (Sect. Fil.4.3). A sample picture
and its associated date are shown in Figs. Fil.6.22 and F11.6.23.
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Fig. FI1.6.22. Summary of picture symbols and coordinates
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Fig. Fil.6.23. Sample plot representation

_ . . 4 . . _ - . ,,

- . _ -



,
.

.

.
.

,

i
Fi 1.6.18

.

Figure Fil.6.22 summarizes the data used to generate the picture or plot. Figure Fil.6.23 is an h
example of a printer plot of the two-dimensional slice specified through the geometrical description of

'

the problem.

in Fig. Fil.6.22, the plot title is printed at the top of the page. If a plot title was not entered in
,

the plot data, the plot title is defaulted to the problem title. The title is followed by a heading specify-
ing the type of picture (MIXTURE MAP, BIAS ID MAP or UNIT MAP). This is followed by a
table that correlates the symbols to be used in the printer plot with the mixture numbers, bias ID
numbers or unit numbers that were used in the problem. The overall system coordinates are then
printed, followed by the coordmates of the upper left corner and lower right corner of the picture. This
is followed by the direction ensiaan down and across the page. NU is the number of characters printed
in the "U" direction, NV is the number of characters printed in the "V" direction, DELU is the incre-
mental distance, in cm, represented by each character in the "U" di sues and DELV is the incremental
distance, in cm, represented by each character the the "V" directen.

Figure Fil.6.23 shows a printer plot of a twodimensional slice specified through the geometrical
description of the problem. These plots aid the user in verifying that the problem is described correctly.
Any number of plots can be made.

F11.6.21 CONCLUDE PRE-TRACKING EDITS

Prior to calculating the k-effectives for each generation, KENO V prints a final edit as shown in
Fig. Fil.6.24.
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Fig. F11.6.24. Pre. tracking edits

The information printed in this edit includes the number of I/O's used prior to tracking, the time in
minutes used for prepanns and processms the data prior to properms the initial source distribution, and
the volume fraction of fissile material in the core. If RFL=YES (Sect. Fil.4.8) was specired in the
start data, the volume fraction message is changed to: VOLUME FRACTION OF FISSILE *
MATERIAL IN THE SYSTEM .

Most of the remaining data printed in this edit are related to the choice of the initial neutron source
distribution. Once the initial source distribution has been proprA, the time required for prepanns
them (starting) is printed, as well as the total cumulative time used by the code.
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Fil.6.22 PRINT STARTING POIN'IS

This printout is optional and is used to verify the initial source starting points. An example of this
information is given in Fig. Fil.6.25.
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Fig. F11.6.25. Example of initial source points,

O"
'

The information pertinent to the initial source distribution is printed two lines at a time and appears4

under the designated headings. For example, the coordinates X, Y, and Z are printed on one line and
the direction cosines U, V, and W are printed directly under them. The data printed for each source
neutron include the following:

NEUTRON is the ID number of the neutron..
a

X, Y, and Z are the coordmates of the startmg point relative to the coordinate system of the'

unit.

,
K is the region number that contains the point X, Y, Z.

'

NBX, NBY, NBZ are the coordinates of the unit within the array.
i

LL is the unit or box type number..

| KR is the mixture number present at the starting point.

KI is the bias ID number at the point..

; WT is the current weight (WT is always 1.0 for a neutron when it is started).

; U, V, and W are the direction ca==. defining the direction the history is traveling.

IG is the energy group.

KCOR is the core boundary region of the array the neutron is in.

K1 is the region number of the first region in the unit.
''

K2 is the region number of toe last region in the unit.

IGEO is an integer that defines the W y shape of the region.

._ . . . _ . . _ , . : . . . . - . - . _ - . ~ -
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KCOL is the region number in which the last collision occurred. 3

NSIG is the position of the group IG in the supergroup.

SG is the supergroup number.

RANDOM NUMBER is the current random number.

When starting points are printed, many of the above named variables have not been initiahzed. For
starting, the variables of interest are X, Y, Z, U, V, W, NBX, NBY, NBZ, and LL

.

F11.6.23 E-EFFECTIVES BY GENERATION>

At the completion of each generation, KENO V prints the k-effective for i ,at generation and associ-
ated information. An example of this printout is given in Fig. FI1.6.26.

The k-effectives for each generation are printed in subroutine FISFLX. The headings are printed
by subroutine GUIDE. The problem title is printed at the top of the page. . A descriptive head:ng is

4 printed at the top of each column of data. The data that are printed include (1) the generation num-
ber, (2) the k-effective calculated for the generation, (3) the elapsed CPU time in minutes, (4) the aver-'

age value of k-effective through the current generation (excluding the first two generations), (5) the*

deviation associated with the average k-effective, and (6) the matrix k-effective for tac generation and
the deviation associated with the matrix k-effective. The last two columns are filled with zeros if the
user did not specify matrix k-effective calculations. The matrix k-effective is the largest eigenvalue of
the fission production matrix. Matrix information can be calculated based on (1) position index,

,

(2) unit number, (3) hole number, and (4) array number. The matrix k-effective printed in the sixth
|;i
| column is based on this order. If the matrix k-effective is calculated by position index, it is the one
j printed in the sixth column. The matrix k-effective by unit number is given second preference, followed

by hole number and then array number. -i
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Fig. Fil.6.26. Entnple of k-effectives by generation
t
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After the last generation a message is printed to inchcate why execution was terminated. If matrix k-'
s

effectives were calculated, this is followed by a message stating the method used to determine the
matrix k-effective.

The user should examine this portion of the printed results to assure that the two methods of calcu-
lating k-effective are in acceptable agreement and to, verify that the average value of k-effective has
become relatively stable. If the k-effectives appear to be osediating or drifting significantly, the user
should consider rerunning the problem with a larger number of histories per generation.

If a problem is restarted the generation numbers and k*effectives are printed anci the words FROM9

RESTART UNIT are printed in the elapsed time column. All other columns are blanke When the'

i generation at which the problem is to be restarted is reached, the print reverts to the normal format as
i shown in Fig. Fil.6.26.
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Fil.6.24 FINAL K.EFFECI'IVE EDTT }
The final edit of the k-effectives is printed by subroutine KEDIT following the k.effectives by gener.

ation. The title is printed at the top of the page, followed by the lifetime and the generation time and
their associated deviations. The lifetime is the average lifespan of a neutron (in seconds) from the time
it is born until it is absorbed or leaks from the system. The generation time is the average time (in
seconds) between successive neutron generations. If NUB-YES is speciGed in the parameter data,
(Sect. Fil.4.3) the average number of neutrons per fission, NU BAR and its associated deviation are
printed and the AVERAGE FISSION GROUP (the average energy group at which Ession occurs) and
its associated deviation are printed. If SMU-YES is specined in the parameter data, the average self..

I multiplication of a unit and its . aciated deviation is printed. This self. multiplication results from ns.
sions caused by neutrons born in the unit. Fissions caused by neutrons that exit the unit and return are
not included. Then the final k-effective edit is printed a shown in Fig. Fil.6.27.,
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Fig. F11.6.27. Example of the final k. effective edit ,

,

. / 1
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The final k-effective edit prints the average k-effective and its associated deviation and the limits of

i k-effective for the 67. 95, and 99% confidence intervals. The number of histories used in calculating
the average k-effectise is also printed. This is done skipping various numbers of generations. The user
should carefully examine the final k-effective edit to determine if the average k-effective is relatively

) stable. If a noticeable drift is apparent as the number of initial generations skipped increases, it may
indicate a problem in converging the source. If this appears to be the case, the problem should be terung

i with a better initial source distribution and should be run for a sufficient number of generations that

,.
the average k-effective becomes stabic.
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Fil.6.25 PLOT OF AVERAGE K-EFFEC 11VE BY GENERATION RUI4
~

s

This plot consists of average k-effectives plotted versus the number of generatior.s run. The limits of
'

one standard deviation are plotted on either side of each average k-effective. .These average k-effectives
are not necessarily the same as the avera::e k-effectives described in Sect. Fil.6.23. De code omi's
the k effectives of the first arkip l generations when the average k-effectives for this plot are calcu' \-

lated. Although the k-effectivs of the skip generation is summed into the average k-effective, it is not ,
plotted because standard deviations cannot be calculated for a single point. Thus, if askip is 3 (i.e., the
first three generations are skipoed), the first value plotted is the average k-effective w..=3-:- ng to the '

fourth generation. The dotted line represents the value of the average k-effective correspondag to the
smallest deviation when the average Ir-effective and its deviation are computed for each generation over4 '
the range of askip through the total number of generations. Figure Fil.6.28 is an example of this
type of plot. He primary use for this plot is to determme if the problem has source convergence diffi-
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Fig. Fil.6.28. Sample plot of average k-effective by generation run

; $,
9.,

F11.6.26 PLUT OF N4 RAGE E-EFFECITVE BY GENERATION SKIPPED<

c

lThis plot illustrates the average k-effective versus the number of generations slupped as shown in
Fig. Fil.6.29. De limits of one standard deviation are plotted on either side of the average
k-effective. De dotted line represents the value of the average k-effective correspondag to the smallest
deviation when the average k-effective and its deviataan 'are computed for the number of generatioes
skipped over the range of askip.1 through two less than the total number of generations calculated.
Tbc plot is essentially a plot of the data described in Sect. Ffi.6.24.. It is useful for determining if
source convergence has been achieved. /
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Fig. F11.6.29. Sample plot of average k-effective by generation skipped

b,.
- F11.6.27 FINAL EDIT OF FISSIONS, ABSORPTIONS, AND LEAKAGE

,

This table is printed by subroutine KEDIT after the final k-effective edit. It prints the fission frac-
tion for :ach group and the fission production, absorptions, and leakage with their associated percent

! deviation. If FAR=YES is specified in the parameter data, the fission production and absorptions and
their percent aeviation are also printed for each geometry region utilized in the problem. The FIS-
SIONS, ABSORPTIONS, and LEAKAGE are given in units of neutrons per source neutron. The
samples of the final' edits of fissions, absorptions, and leakage are shown in Figs. Fil.6.30 and,

'

' Fil.6.31. I

t

If FAR=YES is specified in the parameter data, the fissions, and absorptions for each geometry
[ region are printed for each energy group as shown in Fig. Fil.6.31. Leakage is not collected by

'

geometry region but rather represents the leakage from the system. In both figures,. GROUP is the
energy freip number, FISSION FRACTION is the fraction of the fissions that occur in that energy
group. He percent deviatior for the fission fraction is the same as that of the fissions in the same

' Aroup. The heading, UNIT, refers to the unit or box type, and REGION is the region number within
the specified unit or box type. The geometry regions are numbered sequentially within each unit, start-,

ing with one. The sum of the fissions for every region for a given energy group is the total printed for*

nat energy group. The same is true of absorptions. The fissions, absorptions, and leakages are given in
units of *per source neutron." The SYSTEM TOTAL is the sum, over all the energy groups, of the
fissions, absorptions and leakage. The associated percent deviation,is printed for each.
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The sum of the leakage and absorptions printed for the system total should be close to one. The fis-
sions printed for the system total should be the same a:, the first k. effective printed in the final k-
effective edit described in Sect. Fil.6.24. If differential albedos are used, the leakage does not
include the weight lost in the albedo reflection. A message stating the weight lost in the albedo is
printed. This is the weight lost due to absorptions in the albedo reflector and leakage from the albedo
reflector. There is no leakage associated with faces having specular. mirror image, or periodic reflec-
tion. Thus there is no leakage associated with an infinite problem. The total clapsed time and final
random number are printed at the end of this edit.
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Fig. Fl1.6.30. Sample of the final edit of fissions, absorptions,
and leakage with region. dependent information suppressed
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Fig. Fil.6.31. Sample of the final edit of fissions, absorptions, and leakage by region
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i F11.6.28 MATRIX K. EFFECTIVE BY UNIT LOCATION

The matrix k-effective by unit location (also referred to as array position er position index) is calcu.
lated if MKP-YES is specified in the parameter data (Sect. Fil.4.3). It is the largest eigenvalue of
the fission production matrix, collected by position index. The position index is a number referencing a

L position in a three-dimensional lattice. An example of the matrix k-effective by unit location is given inj Fig. Fil.6.32. It is contained within two rows of asterisks to draw attention to it.
|
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1 Fig. Fil.6.32. Example of matrix k-effective by unit location
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F11.6.29 FISSION PRODUCTION BY POSTTION INDEX MATRIX

To obtain this information, the user must specify MKP=YES and FMP=YES in the parameter
data. It is then printed by subroutine MATRIX. He number of entries in the fission production
matrix by position index is the square of the array size. Hus for a 2x2x2 array there are 64 entries,
and for a 4x4x4 array there are 4096 entries in the fission production matrix by position index. An
exampic of the fission production matrix by position index for a 2x2x2 array is shown in
Fig. F11.6.33. ,
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Fig. Fil.6.33. Sample fission production matrix by position index

The position index definition is given in Sect. Fil.6.31. For each position index in the array, the
number of next generation neutrons produced at position index J per neutron born at position index 1 is

! determined. The fission production matrix by position index is used to determine the matrix k. effective,

/] cofactor k-effective and source vector by position index.
'

.

F11.6.38 SOURCE VECTOR BY POSITION INDEX

nis information is printed by subroutine MATRIX only if MKP=YES is specified in the param-
j eter data. He source vector by position index is the eigenvector of the fission production matrix by
i position index and should sum to 1.0. It represents the fission source for the specified locations in the
4

three-dimensional lattice representing the physical problem being analyzed. The position index is
defined in Sect. Fil.6.31. An exampic of the source vector by position Index is shown ini

Fig. Fil.6.34. The average self multiplication by array position is the overall average of the self- .

multiplication of all units used in the problem..
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Fig. Fil.6.34. Fummple of source vector by position index
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Fil.6.31 COFACTOR K-EFFECITVE BY POSITION INDEX

These data are printed by subroutine MATRIX only if MKP=YES is specified in the parameter
data. This means that the fission production matrix is collected by position index. Calculating and
printing cofactor k-effectives by position index can be avoided by specifying CKP=NO in the parameter
data. An example of the cofactor k effective by position index is shown in Fig. Fil.6.35. See
Sect. Fil.D for a description of the problem used for the example.
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Fig. F11.6.35. Example of cofactor k-effective by position index

The cofactor k-effective for a given position index is the largest eigenvalue of the fission production
matrix collected by position index, reduced by the row and column associated with that position index.
Thus the cofactor k-effective is the value of k-effective for the system calculated without the fission
source of the unit located at the specified position index.

The POSITION INDEX is a number referencing a position in a three-dimensional lattice. POSI-
,

;1 TION is the x, y, and z location within the lattice. UNIT is the unit or box type located at the speci-
!I fied location in the lattice. Thus in Fig. F11.6.35, Unit 1 is located at the lower left-hand front corner t.7
i of the array or three-dimensional lattice representing the problem (x=1, y=1, z=1) and the
j corresponding POSITION INDEX is 1. POSITION INDEX 8 is the top right-hand back corner of
~'

the lattice, POSITION x=2, y=2, z=2 and the unit located at that position is UNrf 8.

: F11.6.32 MATRIX K-EFFECTIVE BY UNTT NUMBER
9

The matrix k-effective by unit number (unit k-effective) is the largest eigenvalue of the fission pro-
t duction by unit matrix. It is calculated only if MKU-YES is specified in the parameter data
' (Sect. Fil.4.3). An example of the matrix k-effective by unit is given in Fig. Fil.6.36.,
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Fig. Fil.6.36. Example of matrix k-effective by unit number
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F11.6.33 FISSION PRODUC110N BY UNIT NUMBER MATRIX

These data are printed by subroutine MATRIX only if MKU=YES is specified in the parameter
data, which results in the code calculating the fission production matrix by unit. Thus for each unit or
box type in the array, the number of next generation neutrons produced in Unit J per neutron born in
Unit I is determined. This is the fission productmo matrix by unit, and it is used to determine the
matrix k. effective by unit, the cofactor k. effective by unit, and the source vector by unit. An example
of the fission production matrix by unit is show n in Fig. Fil.6.37.
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Fig. Fl1.6.37. An example of the fission probability matrix by unit

F11.6.34 SOURCE VECTOR BY UNIT NUMBER

These data are printed by subroutine MATRIX only if MKU-YES is specified in the parameter'

O data. The source vector by unit is the eigenvector of the fision production matrix by unit. It
# represents the fission source for the units used in the probica. The components of the source vector

should sum to 1.0. An exampic of the source vector by unit is given in Fig. Fil.6.38. The average
self. multiplication by unit is printed following the source vector. This value of self. multiplication
includes those histories born in the unit which cause fissions in the same unit regardless of whether or
not it exited and then returned. Therefore, this value will not agree with the value printed for the self.,

multiplication of the unit in Sect. Fil.6.24 if the problem utihm multiple units, the system is
'

reflected, or a differential albedo is used in the problem.
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Fig. F11.6.38. Example of the source vector by unit

-

" ,N*s %*M 48e" 948'a % + .ga98g 9 y. 9-+ ea> ps



.
. .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'

.

I F11.6.30

F11.6.35 COFACTOR K. EFFECTIVE BY UNIT NUMBER \

Cofactor k-effectives are printed by subroutine MATRIX only if MKU-YES is specified in the
parameter data. Calculating and printing cofactor k-effectives by unit can be avoided by specifying
CKU-NO in the parameter data. The cofactor k-effective for a given unit is the k-effective of the sys-
tem calculated without the fission source of that unit. This is accomplished by determining the eigen.
value of the fission production matrix by unit after it has been reduced by the row and column asso-
ciated with that unit. An example of the cofactor k-effective by unit is given in Fig. Fil.6.39.

--- . - = = . - = = = = = = = = = =

IT E TtWte.

::!!;::::: ::::::;t !

! :::::::t* ::::!!!t::
: ::::':::: :::::: t||

:::::::t*: ::::! 't:1
--- n- ..m ===

,

Fig. Fl1.6.39. Example of cofactor k-effective by unit number

F11.6.36 MATRIX K. EFFECTIVE BY HOLE NUMBER

The matrix k-effective by hole number is calculatcId if MKH-YES was specified in the parameter
data, Sect. Fil.4.3. It is the largest eigenvalue of the fission production matrix collected by hole;

i number. An example of the matrix k-effective by hole number is given in Fig. Fil.6.40.
. ..
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Fig. Fil.6.40. Example of matrix k-effective by hole number

1

F11.6.37 ilSSION PRODUCTION BY HOLE NUMBER MATRIX

This is the fission production matrix collected by hole number. It is printed only if MKH-YES and
FMH-YES were specified in the parameter data, Sect. Fil.4.3. An example of this fission produc.
tion matrix is given in Fig. Fil.6.41. This matrix indicates the number of next generation neutrons
produced in hole number J by a neutron born in hole number I.,

.

.
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Fig. F11.6.41. Example of fission production matrix by hole-
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- FII.6.33 SOURCE VECTOR BY HOLE NUMBER

This information is printed by subroutine MATRIX only if MKH-YES is specified in the param-
eter data, Sect. Fil.4.3. The source vector by hole is the eigenvalue of the fission production matrix
by hole number. The source vector should sum to 1.0. An exampic of the source vector by hole is
shown in Fig. Fil.6.42. The average self-multiplication by hole is the overall average of the self-
multiplication of all the holes in the problem.
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Fig. Fil.6.42. Example of source vector by hole number

F11.6.39 COFACTOR K-EFFECTIVE BY HOLE NUMBER -

The cofactor k-effective by hole number is calculated if CKH-YES is entered in the parameter
data, Sect. Fil.4.3. The cofactor k-effective for a given hole is the k-effective of the system calcu-
lated without the fission source of that hole. This is done by determining the eigenvalue of the fission
production matrix by hole after it has been reduced by the row and column associated with that hole.
An exampic of the cofactor k-effective by hole number is given in Fig. Fil.6.43.

,
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Fig. Fil.6.43. Example of cofactor k-effective by hole number

.

F11.6.40 MA'IRIX K-EFFECTIVE BY ARRAY NUMBER

The matrix k-effective by array number is calculated if MKA=YES is entered in the parameter
data, Sect. Fil.4.3. It is the largest eigenvalue of the fission production matrix collected by array
number. An example is given in Fig. Fil.6.44. 'the number of next generation neutrons produced in
array number J by a neutron born in array number I is given in this fission production matrix.

'
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. Fig. F11.6.44. Example of matrix k-effective by array number
i
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Fil.6.41 FISSION PRODUCTION BY ARRAY NUMBER MATRIX .}
The fission production matrix collected by array number is shown in Fig. Fil.6.45. It is printed

only if MKA=YES and FMA-YES are specirted in the parameter data, Sect. Fil.4.3.

""|" ""ii'" " :"C'.""", "".|'n. c. = -- , n . - .-. - -, ...

| 1: |||:::t:: | :: !|::::::' 1: ||:::2:1 : 1: ::::: :: 1: :::::
.. .. ... t|| | :: ::::::::0.. . ...Cu | ::::::: :: || |:i : :: ||::: : : ::. .. , , .. .'t: . . . . , . . ... . . . . . . . .

Fig. F11.6.45. An example of the fission production matrix by array number

F11.6.42 SOURCE VECTOR BY ARRAY NUMBER. .

.

This information is printed by subroutine MATRIX only if MKA-YES is specifad in the parame-
ter data, Sect. Fil.4.3. The source vector by array number is the eigenvector of the fission production'

matrix by array number. The source vector should sum to 1.0. An example of the source vector by
array number is shown in Fig. Fl1.6.46. The average self multiplication by array number is the over-
all self-multiplication of all the arrays in the problem.*
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Fig. Fil.6.46. Example of source vector by array number

i
1

F11.6.43 COFACTOR K-EFFECTIVE BY ARRAY NUMBER '

j
'

The cofactor k-effective by array number is calculated if CKA=YES is entered in the parameter
data, Sect. Fil.4.3. The cofactor k-effective for a given array is the k-effective of the system calcu-
lated without the fission source of that array. This is achieved by determining the eigenvector of the
fission production matrix by array after reducing it by the row and column associated with the specified

. array. Figure Fil.6.47 is an example of the cofactor k-effective by array number.
. .
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Fig. Fi1.6.47. Example of cofactor k-effective by array number'
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Fil.6.44 FISSION DENSITY EDIT

The fission density edit is optional. Subroutine KEDIT prints the fission density for each geometry
region if FDN=YES is specified in the parameter data. An example of the fission density edit is shown
in Fig. F11.6.48.
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Fig. FI1.6.48. Example of the fission density edit

The UNIT is the unit or box type number from the geometry data, the REGION is the region nume
ber relative to the unit, the FISSION DENSITY is the fissions /cc/ source neutron for that geometry

] region, the PERCENT DEVIATION is the uncertamty ===aciated with the fission density, and the
TOTAL FISSIONS is the total number of fissions per source neutron in the geometry region.-*

,

1

Fil.6.45 FLUX EDIT
i

Printing the fluxes is optional. They are printed by subroutine PRTFLX only if FLX=YES is
specified in the parameter data. The fluxes are printed for each unit and each geometry region in the>

unit for every energy group. A sample of a flux edit is given in Fig. F11.6.49.
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Fig. Fil.6.49. An example of a flux edit
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Fil.6.34*

The title of the problem is printed at the top of the page. The headmg FLUXES FOR UNIT i
indicates the geometry unit for which fluxes are being printed. The region numbers relative to

the unit are identified by the heading REGION The geometry regions within each unit are
numbered sequentially, beginning with one. GROUP is the heading for the energy groups. The head-
ings FLUX and PERCENT DEVIATION are printed for each geometry region in the unit. The flux
and its associated percent deviation are printed for every energy group and every geometry region. The

2
' lux is in units of neutrons /cm / source neutron.

F11.6.46 FREQUENCY DISTRIBUTIONS

'bbroutine FREAK is responsible for printing the frequency distributions which are the last data
printed for a problem. A frequency distribution consists of a bar graph indicating the number of gen-
erations having k-effective in a specified interval. The intervals are determined by the code, based on
the upper and lower limits of the k-effectives calculated for the generations. One asterisk is printed for
each generation k-effective. Four frequency distributions are printed as shown in Fig. Fil.6.50.
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Fig. Fil.6.50. Example of the frequency distributions
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Fil.7 WARNING MESSAGES AND ERROR MESSAGES

.

KENO V prints warning and error messages that are identified by KS- followed by a unique num-
ber, i.e., KS-1 is the identifier of the first message. For additional information concerning the message,
simply look up the identifier number in this section.

Warning messages appear when a possible erros is encountered. If the code alters data, that fact is
stated in the message It is the responsibility of the user to verify correct usage whenever a warning
message is printed.

When an error is encountered, the error flag MFLAG is set true and an error message is printed.
The code stops if the error is too severe to continue. The warning and error messages in this section
may show an underscore or a numbered underscore (1)- where data will be printed by the
code. The explanation of the message will show an underscore or a numbered underscore to indicate
the wiiwiing data.

F11.7.1 MESSAGES

K51 "*" WARNING "*" READ FLAG NOT FOUND. ASSUME PARAMETER
DATA FOLLOWS.

This message occurs in subroutine INITIAL It indicates that the word READ was not the first
word of data encountered after the title card. If a parameter data block is to be entered, the code
expects the words READ PARAMETERS to precede the parameter input data. If the word READ is
not the first word, the code expects parameter input data immediately.

)
K5-2 "* ERROR "* THE NUMBER OF ENERGY GROUPS IS OUT OF RANGE FOR

THE CROSS SECTION LIBRARY ON UNIT THE JOB CONTROL
LANGUAGE MAY NOT SPECIFY A VALID DATA SET ON THIS UNIT OR THE
MODULE THAT WAS TO CREATE THE CROSS SECTION LIBRARY ON THIS,

UNIT MAY HAVE FAILED.

This message occurs in subroutine INITIAL after subroutine PARAM has been executed. Check'
;

unit number to see that it was properly specified in the job control language. Verify that the I

data set name associated with this unit number is the correct one. This information is given in the
printout in the third table. Make sure the module that generated the cross sections executed properly
and that the data were saved or passed correctly. When this message is printed for an AMPX working
format library, a STOP 108 is executed. When this message is printed for a mixed cross-section format
library, a STOP 109 is executed.

r

KS 3 *" WARNING "* THE CROSS SECTION LIBRARY ON UNIT HAS
t ENERGY GROUPS.

f This message is printed in subroutine INITIAL after the call to PARAM. It is activated if the
cross-section library has more than 227 energy groups. The largest standard cross-section library in the'

i SCALE system contains 227 energy groups.

K5-4 INVALID INPUT PARAMETER NAME

This message comes from subroutine PARAM. The keyword for entering parameter data was
misspelled. A list of allowed keywords is given in Table Fil.4.1 in the KENO V input outline.

-s

Fil.7.1
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F11.7.3

K5-5 "*" AN ERROR WAS ENCOUNTERED IN THE ALPHANUMERIC PARAME- T
*""TER DATA. THE DATA WERE

This message comes from subroutine PARAM. The keyword for the alphanumeric parameter data
was entered correctly, but the data associated with it were not YES or NO as is required. The

in the error message could be something like FLX=YEX instead of FLX-YES.

K5-6 ""* WARNING "*" READ FLAG FOUND WHEN LOOKING FOR END
FLAG. PARAMETER INPUT ASSUMED COMPLETE

- This message occurs in subroutine PARAM. It indicates that the keywords END PARAMETERS
were not found. The keywords READ were found instead. He code assumes the parameter

' data are complete and proceed normally.

)
K5-7 ATTEMPT TO FIND END PARAMETER FLAG WAS UNSUCCESSFUL

This message from subroutine PARAM occurs during the readmg of the parameter data if the word,

END is found and it is not followed by the word PARAMETERS. A STOP 118 may be' executed >

when this message is printed.

K5 8 *"" AN END OF FILE WAS ENCOUNTERED WHILE ATTEMPTING TO READ
PARAMETER DATA *""'

This self-explanatory message is from subroutine PARAM. A STOP 118 may be executed when
this message is printed.

$ g

.! KS-9 *" DUE TO INCONSISTENCIES BETWEEN INPUT AND RESTART DATA, FIS- '()
: SIONS AND ABSORPTIONS BY REGION WILL BE CALCULATED BUT NOT
l PRINTED. INPUT DATA SET FAR=NO, BUT DATA FROM THE RESTART UNIT
4 SPECIFIED YES.

This message occurs in subroutine PARAM. It is mostly self-explanatory. He original problem
: (parent case) that wrote the restart data specified data inconsistent with the parameter data input to
i the restarted problem. The title of the parent case is given at the end of the parameter tables. He

j specification of the restart unit RST is given in the third table of the KENO V output.

i K510 "* DUE TO INCONSISTENCIES BETWEEN INPUT AND RESTART DATA,
FLUXES WILL BE CALCULATED BUT NOT PRINTED. INPUT DATA SET'

FLX-NO, BUT DATA FROM THE RESTART UNIT SPECIFIED YES.
,

This message occurs in subroutine PARAM. It is mostly self-explanatory. The original problem
(parent case) that wrote the restart data specified data that did not agree with the parameter data input
to the restarted problem. The title of the parent case is given at the end of the parameter tables. The

; specification of the restart unit RST is given in the third table of the KENO V output.

i
KS-12 INPUT PARAMETER NBK WAS ENTERED AS IT WAS CHANGED TO*

AT LEAST POSITIONS ARE NECESSARY TO ACCOMMODATE
THE NEUTRON BANK DATA.

*

This self-explanatory message is from subroutine PARAM. NBK should not be entered as input
data unless it is known that the default value is inadequate.,

)

.
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Fil.7.3

i K5-14 ""* ERROR - KEYWORD IS NOT A VAI.ID MIXING TABLE
KEYWORD. ""*

This message is from subroutine MIXIT. It can only be encountered if a mixing table is expected
(i.e., READ MIX or READ MIXT has been entered as data). At this point the only valid keywords
are MIX , EPS- or SCT=. The keyword that was entered is printed in the message. See Sect.
Fil.4.10 for assistance in setting up the mixing table data. A common error made by KENO IV users
is to enter a negative nuclide ID number in the mixing table. The code will interpret this to be a key-
word. A whole list of K5-14 error messages will be generated as the code reads through the mixing

,

table in search of a valid keyword. The code considers any character string that does not begin with a
number to be a keyword.,

I

K 5-15 MIXING TABLE TOO BIG

This message is from subroutine MIXIT. It indicates that additional core space is decessary to
? allow entry of the existing mixing table. A STOP 114 is executed in conjunction with this message and
i a traceback may be printed from subroutine STOP.

: K5-16 "* ERROR "* ERROR *" A VALUE MUST BE ENTERED FOR LIB IN THE
| PARAMETER INPUT SO CROSS SECTIONS CAN BE MIXED.
!

' This message is from subroutine DATAIN. It occurs when a mixing table has been read but the
unit number for the AMPXS working library is undefined. This is corrected by entering LIB-
in the parameter input data and making sure the desired AMPXS working library is properly defined as
being on that unit in the job control language.

,

UNRECOGNIZABLE GEOMETRY WORDV K5-17

S This message is from subroutine KENOG. In the process of readmg the geometry data, the word
was encountered when a geometry word was expected. Several of these messages may be gen-<

crated. A message is generated for each word of data that is read, until a valid geometry word isi

; found. ' Die data are out of phase or the geometry word is misspelled. Check the previous geometry
card for a mixture ID, a bias ID, and the proper number of dimensions. See Sect. Fil.4.4 for a list of

| accepted geometry words. '

,

i

f K5-18 *"""*" ERROR.....NHCYL- """""

t

[ This message from subroutine KENOG indicates that the hemicylinder geometry word was
? incorrectly specified. See Sect. Fil.4.4 for the correct hemicylinder specification.

- KS-19 AN ERROR WAS FOUND IN THE HEMISPHERE DESIGNATI' NO

This message from subroutine KENOG indicates that the direction in which the hemisphere exists
i

was incorrectly specified. See Sect. Fil.4.4 to determine the correct specification.

K5-20 """"" IGEO - INVALID IN READGM "*"""*

This message from subroutine READGM means that IGEO is negative or larger than 23 when the
geometry data are read from the scratch unit, SKRT. This usually means that a code error was intro-

,

| duced when changes were made to the program. True geometry errors should be detected when the
| scratch unit, SKRT, is written. A STOP 125 is executed when this message is printed.

.i
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K5-21 IS AN INVALID PARAMETER NAME FOR BIASING DATA. ID- OR i
'

WT- OR WTS- SHOULD HAVE BEEN ENTERED.

This self-explanatory message is from subroutine RDBIAS. See Sect. Fil.4.7 for assistance in-

determining the proper procedure for entering biasing data.

K5-22 FIRST TWO NUMBERS ARE WORDS OF STORAGE NEEDED AND ALLO-
CATED. THIRD IS REQUIRED ADDITIONAL REGION SIZE.

! PERTINENT CONSTANTS

~

This message from subroutine WATES indicates that the allocated computer storage will not hold
; the weighting or biasing array. De first number printed is the amount of storage, in words, needed to
i hold the data. The second number is the allocated computer storage in words. De third number is the
j minimum additional regen size, in units of K bytes necessary to hold the biasing or weighting data to

this point. Increase the regma size for the "go step * in the job control language by the additional
required region size (the third number) and resubmit the problem. A STOP 150 is executed when thisa

message is printed.
,

, .

KS-23 "* ERROR "* ERROR *" NO ENERGY GROUP WEIGHTS WERE
FOUND FOR ID *" ERROR *" ERROR *"

!

This message from subroutine WATES occurs if the weights requested in the biasing information
were not on the standard weights data set and were not entered from cards. See Table Fil.4.5 for the
weights that are available on the standard data set. The procedure for entering weights from cards is

l.
explained in Sect. Fl1.4.7. -~

K5-24 INCORRECT FLAG RETURNED FROM AREAD. IRET=

This message from subroutine RDBIAS indicates that an error was encountered while reading the
biasing data. The biasing data were not entered properly. See Sect. Fil.4.7 for assistance.

K5-25 THE FIRST NUMBER IS THE AMOUNT OF STORAGE NEEDED; THE SECOND
IS THE AMOUNT ALLOCATED. PERTINENT CONSTANTS

Tnis message is from subroutine ARAYIN or subroutine GEOMIN. It indicates that additional|

core space is required to allow the use of the array definition data or the geometry region data. At
least words of storage are needed to run the problem but only words of storage are
available. Increase the amount of computer storage requested in the job control language to correspond
to the amount needed. A STOP 100 or 155 is executed in conjunction with this message and a trace-

,

back may be printed from subroutine STOP.
,

,

K5 26 SET NUMBER OF THE UNIT ORIENTATION DATA CONTAINS
^ '

ERROR (S)

His message from subroutine RDBOX is triggered when input errors are recognized in the unit ori.
'

entation data. A set of unit orientation data consists of 10 numbers a shown in the companion mes .
; sage K5-27. The number of errors printed in this message is a lower bound. More errors may actually
F exist. This message often means that a number was omitted or a blank was omitted when entering the
| unit orientation data.

)
|
\
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K5-27 LTYPE- IXI- IX2- INCX- lYl-

lY2= INCY- IZl- IZ2- INCZ-

This message is a companion message for K5-26. It indicates how the unit orientation data descrip-
tion for the set named in K5-26 was entered. See Sect. Fil.4.5 for information pertaining to unit ori-
entation data.

K5-23 THE ABOVE UNIT ORIENTATION CARD (S) CONTAIN(S) AT LEAST ONE OF
THE FOLLOWING ERRORS

1. IXI,1YI,IZl,INCX,INCY, OR INCZ IS LESS THAN OR EQUAL TO ZERO

2. IX2 IS LESS THAN IXI, lY2 IS LESS THAN IYI, OR IZ2 IS LESS THAN IZ1

3. IX2 IS GREATER THAN NBXMAX, IY2 IS LARGER THAN NBYMAX OR
IZ2 IS LARGER THAN NBZM1X

4. LTYPE IS LESS THAN I OR GREATER THAN NBOX

His self-explanatory message is from subroutine RDBOX. It pertams to the input orientation data
for LOOP. See Sect. Fil.4.5 for input instructions.

.K5-29 *" ERROR *" THE ARRAY SIZE HAS B5EN SPECIFIED INCORRECTLY,

's FOR ARRAY
J NBXMAX- NBYMAX. NBZMAX.

UNIT ORIENTATION DATA CANNOT BE READ UNLESS NBXMAX, NBYMAX,
AND NBZMAX ARE GREATER THAN ZERO.

.

This message from subroutine ARAYIN indicates that the array definition data were incorrectly5

,

specified. It occurs only if one or more of NBXMAX, NBYMAX, or NBZMAX is less than 1. In the
array information data these are entered in the form NUX. NUY- NUZ.4

See Sect. Fil.4.5. If a unit orientation data description is to be entered, NBXMAX, NBYMAX, and'

'

NBZMAX must all be greater than zero.

K5-30 END FLAG WAS NOT FOUND. WAS READ INSTEAD.

, This message from subroutine ARAYIN occurs if the unit orientation data description is terminated

[ with the iccorrect END flag.
.

K5-31 IS AN INVALID PARAMETER NAME IN THE ARRAY DATA.
,

This message is written from subroutine ARAYIN if the array data block contains an incorrect key.
word. The allowed keywords include NUX= NUY- NUZ- FILL and LOOP. See Sect. Fil.4.5'

for additional ===*=aca A STOP 101 is executed when this message is printed.*

K5 32 "* AN ERROR EXISTS IN UNIT ORIENTATION ARRAY NUMBER *"

This message from subroutine SORTA is printed when an error is recognized in the array descrip-
tion. De type of error that will trigger the message is for a position in the unit orientation array to be
undefined, zero, negative or greater than NBOX, the number of input units. K5-33 is a companion
message.

*E
.<

|
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K5-33 UNIT IS INVALID AT X INDEX- Y INDEX= Z INDEX-

This message comes from subroutine SORTA. It is printed for each position in the unit orientation
array that is in error. The message is printed a maximum of 10 times. Refer to Sect. Fil.4.5 for
assistance in correcting the error (s).

K5-34 "*" ERROR '"" THE NUMBER OF MIXRJRES REQUESTED IN THE
GEOMETRY IS THE NUMBER OF MIXTURE CROSS SECTIONS IS

This message from subroutine FLDATA occurs if the numbet of mixture cross sections from the
restart unit, RSTRT, does not equal the number of mixtures requcated in the geometry for a restarted
problem.

K5-35 '"" ERROR '"" IN THE ALBEDO INPUT DATA IS AN INVALID
FACE CODE NAME.

This message is from subroutine RDREF. It occurs if an invalid face code name was entered in the
albedo data. See Table Fil.4.3 in Sect. Fil.4.6 for a list of acceptable face code names.

KS-36 A PERIODIC BOUNDARY CONDITION WAS SPECIFIED WITH A NON-
COMPATIBLE BOUNDARY CONDITION ON THE OPPOSING FACE. THE PROB-
LEM WILL NOT BE RUN.

This self-explanatory message is from subroutine RDREF. If a periodic boundary condition is ~

specified on one x face, it must also be specified on the other x face, etc. J
J

KS-37 '"" ERROR AVERAGE NU BAR AND AVG. FISSION GROUP WAS SPECIFIED,
BUT THE FISSION XSEC ID (18) WAS NOT FOUND IN THE EXTRA 1-D ARRAY-

| (MT).

! This message is from subroutine IDX1D. It todacates that the parameter data contained
! NUB =YES but the corresponding necessary type of data was absent from the extra 1-D array. This

can be due to a code error or an error concerning the extra 1 D data (X1D- in the parameter data).'

KS-38 INPUT DATA INDICATED NO EXTRA l-D XSEC IDS TO BE READ, BUT A
1

'

READ FLAG WAS ENCOUNTERED.

This message from subroutine DATAIN is printed when the parameter data did not specify X1D-
,
' and the words READ X1DS were encountered later in the data. If extra 1-D data are to be used,

X1D- must be entered in the parameter data and appropriate code modifications must be made toe

properly utilize the extra 1 D data.

K5-39 INVALID START PARAMETER NAME'

This message is from subroutine RDSTRT. It indicates that an invalid start parametst name was
encountered when the start data block was being read. A list of allowed start parameter names is con-
tained in Sect. Fil.4.8.

)
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K5-40 LNU FOR START TYPE 6 WAS ENTERED AS IT WAS CHANGED TO
WHICH IS THE VALUE ENTERED FOR NFB..

THE LARGEST VALUE NEEDED FOR LNU IS NPG. THE LARGEST VALUE
ALLOWED FOR LNU IS NFB. BOTH NPG AND NFB ARE PARAMETER DATA.

' Ibis self-explanatory message is from subroutine RDSTRT. See Sect. Fil.4.8 for assistance in
determining a valid value for LNU. NFB, the fission bank size, is the largest value allowed for LNU.
NPG, the number of histories per generation, is the anallant value allowed for LNU.

K5-41 * ERROR * ALPHANUMERIC START DATA MUST BE ENTERED AS YES
OR NO. THE DATA READ WERE

This self-explanatory message is from subroutine RDSTRT. See Sect. Fil.4.8 for assistance con-
cerning start data.

K5-42 END FLAG WAS NOT FOUND. WAS READ INSTEAD.

This message is from subroutine DATAIN. It occurs when the READ and END
do not match. When entering data blocks, each block must start with READ and end with
END

KS-43 "" AN END OF FILE WAS ENCOUNTERED BEFORE AN END DATA WAS
FOUND. THE PROBLEM WILL NOT RUN. ""

This message is from subroutine DATAIN, ARAYIN, KENOG, or RDPLOT. It occurs when an
end of file is encountered while reading data.

A
> K5-45 "* ILLEGAL DATA BLOCK IDENTIFIER "*

This message from subroutine DATAIN is printed whenever an invalid data block identifier is
encountered. This can be caused by having the data out of order, by omitting data or by misspelling
data. A block identifier consists of the words READ XXXX where XXXX is a keyword identifying the
type of data to be read. Acceptable keywords are listed in Table Fil.4.1, in Sect. Fil.4.1.,

Consider the following exampics:

ERROR MESSAGE EXAMPLE I
READ PARAM TME-2.9 FLX-YES XSC-38 END PARAM
READ GOEM CYLINDER I 1 5.0 5.0 5.0 END GEOM -

,

END DATA
'

END
';

The following message would occur:

*" ILLEGAL DATA BLOCK IDENTIFIER READ GOEM *"
6

f The keyword GEO was misspelled as GOEM. The correct data block identifier is READ GEOM.

ERROR MESSAGE EXAMPLE 2
READ PARAM TME-2.9 FLX-YES XSC-38 END PARAM,

END GEOM
CYLINDER 115.05.0-5.0 END GEOM
END DATAa

END

.. . . , - . -. .
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The following message would occur: N

""* ILLEGAL DATA BLOCK CYLINDER "*"

The words END GEOM are read and recognized as the end of a data block. The words CYLI and
NDER are then read as the data block identifier. Since CYLI is not END, the code assumes it is at ,

the beginning of a data block that is identified by the keyword NDER, which is not one of the accept-
able keywords.

ERROR MESSAGE EXAMPLE 3
READ PARAM TME-2.9 FLX-YES XSC-38 END PARAM
END GEOM

y READ GEOM
CYLINDER 115.05.0-5.0
END GEOM
END DATA
END

In this example, no errors will be found and the problem will run correctly. The END PARAM sig-
nals the end of the parameter data block. 'llie first END GEOM signals the end of a geometry block,
the READ GEOM signals the beginning of a geometry block, the second END GEOM signals the end
of a geometry block, and the END DATA signals the end of the problem.

K5-46 * "" IPT= IS OUTSIDE THE ALLOWABLE LIMIT OF

j This self-explanatory message is from subroutine DATAIN. It is indicative of a code error. IPT is

; the index into the LPOINT array, which contains the direct access pointers for the varicus types of ]data.j
,

* s

LPOINT(l) is the pointer for the geometry region data.
LPOINT(2) is the pointer for the array description (unit orientation) data.
LPOINT(3) is the pointer for the mixing table data.,

.

LPOINT(4) is the pointer for extra data.

| LPOINT(5) is the pointer for the biasing or weighting data.
; LPOINT(6) is the pointer for the start data.

LPOINT(7) is the pointer for the albedo data.'

LPOINT(8) is the pointer for the mixed cross-section data.
LPOINT(9) is the pointer for the energy and inverse velocity data.

'

LPOINT(10) is the pointer for the plot data.
LPOINT(II) is the pointer for the biasing input data.
LPOINT(12) is the pointer for albedo xsec energy correspondence..

t

K5-47 "* ERROR "* AN ATTEMPT WAS MADE TO READ A NONEXISTENT TYPE>

{ OF DATA FROM THE RESTART UNIT. NDX- NREC-

I This message is from subroutine RDRST. It indicates that the restart file has been destroyed or is
undefined.

K5 48 *" ERROR *" AN ERROR WAS ENCOUNTERED WHILE ATTEMPTING TO
READ RESTART DATA FROM UNIT NDX- NREC-

This message is from subroutine RDRST. It indicates that the restart data associated with the
index NDX had the wrong number of records. This message can also be caused by a code error intro- ,

duced as the result of making changes in the code.

.
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NDX-1 is the geometry data. NREC should be 3.
NDX-2 is the array description data. NREC should be 3 or more.
NDX-3 is the mixing table data. NREC should be 3.
NDX-4 is the extra data. NREC must be set by the user. I

NDX-5 is the biasing or weight data. NREC should be 3. I

NDX-6 is the start data. NREC should be 3.
NDX-7 is the albedo data. NREC should be at least 2.
NDX-8 is the mixed cross-secten data.
NDX-9 is the energy and inverse velocity data.
NDX-10 is the plot data.
NDX-11 is the biasing input. data.
NDX- 12 is the albedo-xsec energy correspondaara
A STOP 123 is executed when this message is printed.

( K5-49 WORDS ARE NEEDED TO HOLD THE ALBEDO DATA. BUT ONLY
WORDS ARE AVAILABLE.

This message from subroutine RDALB is self explanatory. More space is needed to contain the
albedo data. A STOP 120 is executed when this message is printed.

K5-50 THE SPACE AVAILABLE IN SUBROUTINE RDICE IS MORE IS
NEEDED.

| This self-explanatory message from subroutine RDICE indicates that more space is needed to store
the mau4 cross sections in ICE format. A STOP 122 is executed when this message is printed.'

K5-51 ** * ** ERROR * * *** THE FACE REQUESTED A DIFFERENTIAL
ALBEDO THAT IS NOT ON THE ALBEDO DATA SET. THE REQUESTED
ALBEDO NAME IS

This self-explanatory message is from subroutim ALBRD. A list of the albedos that are on the
standard albedo data set is given in Table Fil.4.4 m Sect. Fil.4.6.

K5-52 MIXTURE NUMBER TOO LAr.GE
This self explanatory message is from subroutine MIXCRS. A STOP 111 is executed in conjunc-

tion with this message and a traceback may be printed from subroutine STOP.

K5-53 NOT ENOUGH STORAGE TO MIX

This message from subroutine MIXER indicates that more storage is necessary in order to do the>
'

cross-section mixing operations. A STOP 112 is executed in conjunction with this message and a trace-
back may be printed from subroutine STOP.

,

| K5-54 NOT ENOUGH STORAGE TO MAKE ANGLES
.

This message from subroutine MIXER indicates that more storage is necessary to perform the cal.
culations required to make the angles during the cross section mixing operations. A STOP 113 is exe-
cuted in conjunction with this message and a traceback may be painted from subroutine STOP.

,

I

i
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.

K5-55 "" ERROR FOUND IN MIXING CROSS SECTIONS *"* 7)
THE FOLLOWING NUCLIDE(S) SPECIFIED IN THE MIXING TABLE WERE
NOT FOUND ON THE CROSS SECTION LIBRARY.

ENTRY NUCLIDE ID
. .

. .

. .

This self explanatory message is from subroutine MIXMIX. Either a nuclide ID was misspelled or
was not in the cross-section library.

K5-56 ERROR - MIXTURE LACKS EITHER NU* FISSION OR CHI DATA.

This message from subroutine NORMID indicates that a mixture that contains fissile material is
missing the nu-fission cross section cr the fission spectrum. A STOP 115 is executed when this message
is printed.

K5 57 NOT ENOUGH STORAGE TO MAKE ANGLES AND PROBS

This self-explanatory message from subroutine MAKANG indicates that more storage is needed to,

complete the cross-section mixing operations. Resubmit the problem and request more storage space in
the job control language. A STOP 110 is executed in conjunction with this message and a traceback
may be printed from subroutine STOP.

; K5-58 This message appears in two forms, listed below: h
i

K5 58 " ERROR "" ERROR " INVALID BIAS ID IN REGION OF
f UNIT

! nis form of message K5-58 is from subroutine READGM. It is printed if a negative or zero bias

j ID is encountered anywhere in the geometry data. The error flag (MFLAG) is not activated so the
problem will execute if the unit containing the error is not utihzod in the unit orientation array. If that.

i unit is used in the unit orientation array, the following form of message K5-58 will also be printed.
!

K5-58 " ERROR "" ERROR " INVALID BIAS ID IN REGION
ABOVE.

'
This form of message KS 58 is from subroutine PRTJOM. It is printed if a negative or zero bias

ID is entered for the specified geometry regen. The problem will not execute if this form of message
K5-58 is printed. Review Sect. Fil.4.4 for correct geometry data specification information.-

*

i K5-59 THE CALCULATION WAS TERMINATED BECAUSE OF EXCESSIVE SPLITTING

k, This message from subroutine GUIDE is printed only if message K5-128 is printed 50 or more times
for a given generation. This indicates that the problem and/or the code is incapable of achieving a rea-i

sonable solution. If changes have been made in the code, they should be carefully scrutinized. If a
j biasing data block has been entered (Sect. Fil.4.7), it should be checked carefully.

'

. .. . - . - .. . .. ..
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K5 60 THE ANGULAR SCATTERING DISTRIBUTION FOR MIXTURE HAS
BAD MOMENTS FOR THE TRANSFER FROM GROUP TO GROUP

THE LEGENDRE EXPANSION OF THE CROSS SECTION (PO-PN) IS
(Po) (P ) (P ) (P.)i 2

THE MOMENTS CORRESPONDING TO THIS DISTRIBUTION ARE
(M ) (M:) (M.)i -

THE MOMENTS CORRESPONDING TO THE GENERATED DISTRIBUTION ARE
(M ) (M ) (M.)i -.

THE LEGENDRE EXPANSION CORRESPONDING TO THESE MOMENTS IS
i (Po) (P ) (P ) (P.)i 2

I MOMENTS WERE ACCEPTED
This message from subroutine BADMOM indicates that the moments from the cross-se: tion data

are incorrect for the group transfer shown. The code replaces these moments with acceptable moments
and proceeds normally. The user can suppress these messages by entering an appropriate value for the
" cross-section message cutoff parameter,* EPS- in the mixing table data, Sect. Fil.4.10. See Sect.
Fil.5.4.4 for assistance in determining an appropriate value.

K5-61 MKP= MKU- MKH- AND/OR MKA- WAS SPECIFIED AS YES IN THE
PARAMETER DATA, BUT IS NOT ALLOWED FOR A SINGLE UNIT PROBLEM.
NO MATRIX CALCULATIONS WILL BE MADE FOR THIS PROBLEM.,

O" This message from subroutine DATAIN is self-explanatory. If matrix information is desired, the
problem should be converted to a lxixt array by entering the appropnate ARRAY DEFINITION
DATA and assuring that the last geometry region is a cube or cuboid.

K5-62 POSIT ERROR IN TRACK - ILLEGAL GEOMETRY TYPE X- Y-
*

Z- Kl= K2= K- IGEO.
t

j This message from subroutine TRACK is usually the result of a code error that was introduced
when changes were made to the code. A STOP 134 is printed in conjunction with this message.-

4

K5 63 "*" WARNING ""* PARAMETER INPUT DATA FOR NBK-AND/OR
XNB- WAS ENTERED FOR A RESTART PROBLEM HAVING BEG- GREATER
THAN1.
NBK- AND XNB- HAVE BEEN RESET TO THE VALUES FROM THE RESTART
UNIT.

This self-explanatory message is from subroutine PARAM. The configuration of the neutron bank
cannot be changed for a restarted problem unless it restarts at the first generation.4

I

K5-65 AN AMPX WORKING LIBRARY WAS SPECIFIED ON UNIT BUT NO
MIXING DATA WAS READ.

.

This message from subroutine ICEMIX occurs if the parameter data specified LIB- but no
cross-section mixing data block was entered. The cross.section mixing data block begins with READ

. . - ,
MIXT. See Sect. Fil.4.3 for parameter data and Sect. Fil.4.10 for mixing table information.

'

.,9

,
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K5-66 MIXTURES WERE REQUESTED IN THE GEOMETRY, BUT ONLY q
MIXTURES ARE ON THE MIXED CROSS SECTION LIBRARY. ,

This message from subroutine ICEMIX indicates titat more mixtures were requested in the geome-
try region data than were available on the mixed cross-section library. See Sect. Fil.4.3 for the specifi-
cation of the unit number of the mixed cross-section library (XSC=), Sect. Fil.4.10 for the specifica-
tion of the mixing table, and Sect. Fil.4.4 to determine the mixtures used in the geometry region data.

K5-67 THE ADJOINT INPUT PARAMETER WAS BUT THE ADJOINT INDICA.
TOR FROM THE MIXTURE CROSS SECTION LIBRARY WAS KENO
WILL NOT EXECUTE.

.

i 'Iliis message from subroutine ICEMIX occurs if the adjoint input parameter AD'. specified a for-
ward calculation and the cross sections were adjointed or the adjoint input parameter specified an
adjoint calculation and the cross ==ceman were not adjointed. T indacates true, F indicates false.-

K5-68 THE MIXED CROSS SECTION LIBRARY ON UNIT IS COMPLETELY
COUPLED. KENO WILL NOT BE EXECUTED.

This message is from subroutine ICEMIX. It indicates that the mixed cross-section library is a
completely coupled neutron-gamma library and therefore cannot be used for a KENO calculation. A
STOP 106 is executed when this message is printed.

; K5 69 THE AMOUNT OF REMAINING SPACE IS INSUFFICIENT TO CONTAIN THE

]| NECESSARY DATA. LIMIT-

|
' This message from subroutine RDTAPE indicates that more storage is needed to allow processms of

the premixed ice format cross-section data. A STOP 124 is executed when this message is printed.

K5-70 ERROR IN SUBROUTINE WRTRST. NDX=,'

This message from subroutine WRTRST occurs only if the type of data to be written on the restart
(WSTRT) unit is undefined (i.e., NDX is less than 1 or greater than 12). NDX is the index in the

- LPOINT array as described in messages K5-46 and K5-48. This error is usually caused by code errors
that were introduced when changes were made to the code. A STOP 133 is executed when this mes-
sage is printed..

[ K5 71 INSUFFICIENT SPACE ALLOWED IN SUBROUTINE ALBWRT. WORDS
ARE ALLOWED, BUT WORDS WERE REQUESTED.'

' This message from subroutine WRTALB indicates that more core storage is needed to allow loading

d the albedo data from the direct access device into core. A STOP 105 is executed when this message is

? printed. Resubmit the problem, requesting more storage space in the job control language,
i
'

K5-72 ARRAY IS TOO LARGE TO FIT IN SPACE ALLOTTED IN SUBROUTINE
WRTICE.

t

This message is from subroutine WRTICE. It indicates that more storage is needed to allow load- ..

ing the mixed cross-section data from the direct access device into core. A STOP 132 is executed when 9'

this message is printed. Resubmit the problem, requesting more storage space in the job control
language.

. _ . , _ . _ j,
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K5-73 MIXTURES WERE REQUESTED IN THE GEOMETRY DATA, BUT ONLY
OF THESE WERE FOUND IN THE MIXED CROSS SECTIONS.

This self-explanatory message is from subroutine MASTER. Either the wrong mixed cross-section
data set (XSC- from the parameter data, Sect. Fil.4.3) is being used, or one or more mixture
numbers are in error in the geometry regma data (see Sect. Fil.4.4).

WORDS OF STORAGE WERE ALLOCATED TO RUN THIS PROB-K5-74 ""

LEM,BUT WORDS ARE REQUESTED FOR THE INPUT DATA. ""

This self-explanatory message is froma subroutine MASTER. Additional storage is required to run
: this problem. Alter the job control language to request sufficient storage.

K5 75 * NOT ENOUGH STORAGE TO PRINT ONE DIMENSIONAL CROSS SEC-
TIONS. LOCATIONS ARE NEEDED, BUT ONLY ARE'

i AVAILABLE

This self-explanatory message is from subroutine PRTXS. Additional storage must be requested in
the job control language in order to print the 1 D mixture cross sections.

K5-76 * NOT ENOUGH STORAGE TO PRINT TWO DIMENSIONAL CROSS SEC.
TIONS. ARE NEEDED, BUT ONLY ARE AVAILABLE.

i This self-explanatory message is from subroutine PRTXS. Additional storage is needed to print the

] 2 D mixture cross sections. Mcre storage must be requested in the job control language.
'

K5-77 * NOT ENOUGH STORAGE TO PRINT ANGLES AND PROBABILITIES.
LOCATIONS ARE NEEDED, BUT ONLY ARE

AVAILABLE.
:

{ This self-explanatory message is from subroutine PRTXS. Additional storage must be requested in
the job control language to print the angles and probabilities for the mixture cross sections.,

i

K5-78 *" WARNING "* MORE SPACE MAY DE NEEDED THAN IS INDICATED.

This message is from subroutine NSUPG. In the process of supergrouping the energy dependent
information, the code ran out of available storage space. An attempt has been made to estimate the.

amount of storage needed, but the estimate may be low. Resubmit the job and request sufficient stor-
age in the job control language.

;

K5-79 THIS PROBLEM IS TOO LARGE FOR THE AMOUNT OF CORE THAT WAS
ALLOCATED..

'

This message is from subroutine NSUPG. It occurs during the process of determining the number
of supergroups, if the amount of storage is found to be insufficient to contain the energy-dependent
information associated with one of the energy groups. Change the job control language to allow more
storage. A STOP 116 is executed in conjunction with this message and a traceback may be printed

- . from subroutine STOP.

, _ . -
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K5-80 WORDS OF STORAGE WERE ALLOCATED, BUT AT LEAST 'T
ADDITIONAL WORDS ARE NEEDED TO HOLD THE INPUT DATA. EVEN
MORE SPACE WILL BE NECESSARY TO RUN THE PROBLEM.

This message from subroutine NSUPG is printed if the available storage is too small to hold the
input data. Change the job control language to allow more storage.

K5-81 THE AVAILABLE SPACE IS TOO SMALL TO CONTAIN THE DATA OF THE
LARGEST ENERGY GROUP. MAXL- LFTLNG. LTOT-
LTOTAL- NSG-

This message is from subroutine NSUPG.

MAXL is the sias of the energy-dependent data ma-=ted with the largest energy group.
LITLNG is the amount of space available to the super group.
LTOT is the total length of the cross-secten data.

LTOTAL is the totallength of the albedo data.

NSG is the supergroup being pracannni

A STOP 117 is executed when this message is printed. Increase the allocated storage in the "go step"
of the job controllanguage and resubmit the problem.

K5 82 TOO MANY STORAGE LOCATIONS REQUIRED. WORDS OF STORAGE
ARE NEEDED, BUT ONLY ARE AVAILABLE.

*}
*

This self explanatory message is from subroutine POINT. To run the problem, the job control lan-
guage must be changed to increase the amount of storage to be consistent with that specified in the
message.

K5 83 *"" FOR ARRAY THE DIMENSIONS OF UNIT AT
( ) DO NOT MATCH THOSE OF UNIT AT
( ).....

| FOR UNIT + AND- WHILE FOR UNIT- -

+ AND-= -

This message is from subroutine ARASIZ. The common faces of adjacent units or box types must
be the same size and shape. This message occurs whenever this requirement is not met. One or more
of the dimensions of the units or box types specified in the message may be incorrect, or the array defi.
nition data may be incorrect. Carefully check the input data relating to the geometry regma data and
the array definition data as described in Sects. Fil.4.4 and Fil.4.5.

K5-84 """"" UNIT IN UNIT ORIENTATION ARRAY NUMBER IS

( UNDEFINED IN THE INPUT DATA *"*"""

This message from subroutine ARASIZ occurs when the array description data block specifies a
unit or box type that was not defined in the geometry region data. Verify the array definition data and
the geometry region data as described in Sects. Fil.4.4 and Fil.4.5.

.)

. ._ _ _
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K5-85 UNIT IS INVALID AT POSITION X- Y- Z- IN
UNIT ORIENTATION ARRAY NUMBER

f

This message from subroutine ARASIZ occurs if the unit number named in the message is less than
or equal to zero or greater than NBOX (the number of different box types). The position of the
offending unit is also given. This error usually results from leaving some positions undefined in the unit
orientation array or from erroneous data in the unit orientation data. (This includes extra data,
mispunched data and omitted data.) See Sect. F11.4.5 for additional infor==han

K5-86 UNRECOGNIZED GEOMETRY TYPE. IGEOM- IN SUBROUTINE
PRTJOM.

,

Tisis message from subroutine PRTJOM is self-explanatory. The printed value of IGEOM must be
greater than zero and less than 24 to be valid. If the geometry words (seefgeom in Sect. F11.4.4) are
correct, this message is due to a code error that has been introduced when changes were made to the
code.

K5-87 ERROR IN HEMISPHERE DESIGNATION. ISET- IN SUBROUTINE
PRTJOM.

This message from subroutine PRTJOM is self-explanatory. ISET should be greater than zero and
less than 7. It defines the orientation of a hemisphere. A ode error is the likely cause of this message.

K5-88 ERROR IN HEMICYLINDER DESIGNATION. NHCYL- IN SUBROU-

] TINE PRTJOM

This message from subroutine PRTJOM can occur if the homicyhnder designation is incorrect or if
a code error has been introduced. See Sect. Fil.4.4 for correct beaucyhnder specification information.

K5-89 NBOX EXCEEDS 10,000. EXECUTION IS TERMINATED.

| The message is from subroutine PRTLBA. The limit of 10000 for NBOX (the number of different
units or box types) is arbitrary. Such a large number of units or box types would use up a lot of
storage and be an exceedingly large problem. The number of lines of print for the unit orientation
array wmM ba very brt . A STOP 119 is execut-d when this message is printed. Therefore execution
is terminated.

:

This message from subroutine PRTLBA occurs if NBXMAX, NBYMAX or NBZMAX (NUX=,
NUY , NUZ-) from the array data, Sect. Fil.4.5 was incorrectly specifad.

K5-91 ""*"*" UNIT CONTAINS THE FOLLOWING GEOMETRY
. INCONSISTENCIES. """""
t

| This message from subroutines JOMCHK, HOLEXT or HOLHOL Indicates that one or more
intersecting geometry regions were encountered in unit or box type K5-92 is the companion
message from subroutine JOMCHK and specirms the regions that intersect. K5-166 is the companion
message from subroutine HOLEXT. KS 169 and K5179 are the companion messages from subroutine
HOLHOL Correct the geometry regson data and resubmit the problem. Section Fil.4.4 may provnie
assistance in correctly specifying the data.

s

.
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K5-92 REGION NUMBER INTERSECTS REGION NUMBER w

This message from subroutine JOMCHK is a companion message to K5-91 and K5-94. It spe ifies
the intersecting regens. The user must determine which region is incorrectly spo ib! vi if ti.c data
are out of order. KENO REQUIRES THAT EACH SUCCESSIVE GEOMETRY REGION MUST
COMPLETELY ENCLOSE THE PREVIOUS REGION. THIS DOES ALLOW COMMON
FACES AND TANGENCY.

K5-93 INVALID GEOMETRY TYPE. IGEO-
t

This message is from subroutine JOMCHK. IGEO must be greater than zero and less than 20. If'

it does not fall in this range, a code error is the probable cause. KENOG or READCM are the sub-
routines likely to have the code error. Verify that all the geometry words (fsvom, Sect. Fil.4.4) are
correct.

K5-94 "" THE REFLECTOR DIMENSIONS ARE INCONSISTENT "*
.

This message is from subroutine JOMCHK. It is a companma to message K5-95 and is printed
whenever one or more intersecting geometry regions are encountered in the external reflector.

,

K5-95 REGION NUMBER IN UNIT NUMBER CONTAINS AN ERROR
IN THE DIMENSIONS.

His message from subroutine VOLUME indicates an error la the geometry input data such that
the negative dimension specification for a cube or cuboid is larger than the positive dimension specifica- *)

,

tion (i.e., the x dimension is greater than the +x dimension, or the -y dimension is greater than the +y
dimension or the -z dimersion is greater than the +z dimension). His message is also printed if the'

magnitude of the chord for a hemicylinder or hemisphere is larger than the radius. See Sect. Fil.4.4
for assistance in specifying the geometry correctly.

,

t

|
K5-96 THE VOLUME DEFINED BY GEOMETRY CARD IS NEGATIVE.

.'
This message from subroutine VOLUME is printed whenever a negative volume is calculated. This

can be caused by the positive dimension being smaller than the negative dimension on a face of a geom-
etry region. It can also be caused by having intersecting regions, or be the result of roundoff when the

i volumes are calculated. Either the geometry regions are incorrectly specified, or the data are out of
order, or the dimensions are so tight fitting that roundoff causes the not volume of the regica to be neg-

.

ative. If the error is caused by roundoff, adjust the appropriate dimensions slightly. See Sect. Fil.4.4.

K5-97 ERROR ERROR. THE VOLUME FOR UNIT IS NEGATIVE.

This message is from subroutine VOLUME. A negative volume for a unit or box type can be
caused by having intersecting regions within the unit, or by having a unit or box type consisting of one

- region and having a positive dimension smaller than the negative Ammanian on one or more faces. Mes-
sage K5-95 or K5-96 may acconipany this message. See Sect. Fil.4.4 for assistance in specifying the
geometry data correctly.

K5 98 INVALID GEOMETRY ENCOUNTERED FOR THE LAST GEOMETRY REGION.
IGEO- ')

This message is from subroutine CORSIZ. It indicates that an unrecognized geometry word was
entered for the last geometry region. This fact should have triggered several error messages prior to
this time. This message is usually indicative of a code error.

. .. .- \
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Fil.7.17

K5-99 "* ERROR IN UNIT *" THE LAST GEOMETRY REGION OF A UNIT,
,

! UTILIZED IN THE UNIT ORIENTATION DESCRIPTION OF THE ARRAY DATA '

| MUST BE A CUBE OR CUBOID.
1

This message is from subroutine ARASIZ. It can occur when a single unit problem whose outer
regma is not a cube or cuboid is specified ta a lx1x1 array. To eliminate this message, add a cubondal
outer regma containing void, or remove the array data. If the problem is an array problem, be sure
each unit used in the unit orientation description ends with a cube or cuboid. See Sects. Fil.4.4 and
Fi l.4.5.

- K5-100 THIS PROBLEM WILL NOT BE RUN BECAUSE ERRORS WERE ENCOUN-
TERED IN THE INPUT DATA.

This message is from subroutine MASTER and indicates that other error messages were printed in
the problem output. Find these messages and correct the data accordingly. A STOP 129 is executed
when this message is printed.

K5-101 '" ERROR "* NO FISSILE MATERIAL WAS FOUND IN SUBROUTINE
START.

This message is from subroutine START. It indicates that none of the mixtures utihzed in this
problem have a fission spectrum associated with them. Either the geometry data did not specify a fis-
sionable mixture number, the mixing table is incorrect, the wrong mixed cross section data set was
mounted, or the mixed cross secten data set was ira 4.ly or incompletely made. A STOP 128 is,

executed in conjunctma with this message and a traceback may be printed from subroutine STOP.

'

K5-102 THE START DATA SPECIFIES THAT NEUTRONS CAN BE STARTED IN THE
REFLECTOR. HOWEVER NEUTRONS WILL NOT BE STARTED BECAUSE THE
OUTER REGION OF THE REFLECTOR IS NOT A CUBE OR CUBOID. NEU-
TRONS CAN BE STARTED FOR THE EXISTING GEOMETRY IF XSM, XSP,

j YSM, YSP, ZSM AND ZSP ARE ENTERED AS START DATA.
.1j This message is from subroutine START. Start type 0 allows starting points throughout noncu-
si boidal regmas. If a start type other than 0 or 6 is desired and the outermost region of the reflector is
/ not a cube or cuboid, data must be input to specify an in:aginary cube or cuboid within this outer
"

region. See Sect. Fil.4.8 for assistance in specifying this data.

'

,
K5-103 START TYPE IS OUT OF RANGE.*

J This message from subroutine START indicates that the start type was less than zero or greater
lj than 6. The start type is defined by entering the keyword NST- followed by the. desired start type in
'

the start data. The availabic startag optmas are given in Table Fil.4.6, Sect. Fil.4.8..

1
3
'' K5-104 A POSIT ERROR INDICATES THAT THE POINT X- Y-
"

Z- DOES NOT OCCUR WITHIN UNIT

This message from subroutine START may result from precismo difficulties. It is allowed to occur
a maximum of five times before being considered fatal A code error may be the cause of this message

| if it becomes fatal.
.

$
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K5-105 *"" WARNING, ONLY INDEPENDENT STARTING POSITIONS WERE 3
GENERATED. ""*

I

( This message is from subroutine START. KENO V must have ap6 (NPG=, see parameter data,
Sect. Fil.4.3) starting positions. This message is to inform the user that fewer than ap6 starting posi-|

tions were generated. The remaining starting positions are randomly selected from those that were gen-
ersted, thus giving duplicate starting positions. If the number of independent starting positions is nearly
ap6, the starting distribution is probably acceptable. If it is much smaller than ap6, a different start
type should be used to give a better startas distribution. See the start data in Sect. F11.4.8 for
assistance.

, t !
3 K5-106 POSIT ERROR - ILLEGAL GEOMETRY TYPE X- Y- Z-

Ki- K2= K- IGEO-
,

'

This message from subroutine POSIT is usually the result of an incorrectly specified starting point
for the initial source distribution when NST-3,4 or 6 is specified in the start data. The starting point

,

may not be consistent with the unit's position in the global array. The message can also be caused by a
code error that was introduced when changes were made to the code. X, Y, Z is the location of the,,

neutron, K1 and K2 are the first and last regions of the unit, and K is the region whose geometry type
is illegal. IGEO is the geometry type. If the geometry word (fgvom) for the region is correct, IGEO.

should be correct. See Sect. Fil.4.4 for correct geometry words.

KS-107 POSIT ERROR X- Y- Z- Kl= K2=

This message from subroutine POSIT may result from precision difficulti$s or a code error. X, Y,
Z is the location of the neutron. K1 is the region it is in and K2 is the cesion it is trying to go to. h,
KS-104 is a companion message.

.

K5-108 POSITION ( ) IS NOT VALID FOR THE POSITION OF THE3

SPIKE FOR START TYPE 2.
.

1 This message from subroutine START 2 indicates that NXS, NYS er NZS was entered as zero. -

'j See Sect. Fil.4.8 for the correct start data specification. -
.

?
.

;' KS-109 *"" INVALID GEOMETRY TYPE IN START. IGEO- "*"

6

This message from subroutine STRTSU is probably the result of a code error.
,.

KS-Il0 ""* ERROR ERROR THE PROBLEM WILL NOT BE EXECUTED BECAUSE NO
,

;! FISSILE MATERIAL WAS FOUND. ""* -

p

) Tliis message from subroutine VOLFIS occurs when the volume of fissile material is found to be
j zero. Check to be sure the fissile material was correctly specified in the pometry data, check the vol-

ume of the fissile material in the printout to be sure it is nonzero, verify that the mixing table is correct
or the correct ice mixed cross-section data set is used if a mixing table is not used. A STOP 131 is exe-
cuted when this message is printed..

.

|

(
1

.
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K5-Ill ** RESTART DATA IS NOT AVAILABLE FOR RESTARTING WITH GENERA-
TION AS SPECIFIED IN THE INPUT DATA "
" HOWEVER, AVAILABLE RESTART DATA WAS ALLOWED RESTARTING

| WITH GENERATION "
J

!

This message from subroutine RDCALC indacates that abas (BEG , Sect. Fil.4.3) was not consist-
ent with the set of restart data that was to be used. A set of restart data is written every arstrr
(RES , Sect. Fil.4.3). The value of abas should be one greater than one of these generations.

KS-Il2 ERROR IN RESTART. PARAMETER DATA AND RESTART DATA DO NOT
AGREE.
NUMBER PER GENERATION FROM RESTART, NPBT=
NUMBER PER GENERATION FROM INPUT DATA, NPB-<

' NUMBER OF ENERGY GROUPS FROM RESTART, NGPT-
NUMBER OF ENERGY GROUPS FROM INPUT DATA, NGP-

! This message is from subroutine RDCALC. A restarted problem MUST use the same number per
, generation and the seme number of energy groups as the parent problem that wrote the restart data.

Verify that the correct data set is mounted on unit rstn. (RST=, Sect. Fil.4.3). This message can
also be caused by a code error.'

K5-113 ERROR IN RESTART. PARAMETER DATA A'ND RESTART DATA DO NOT
AGREE. FISSION DENSITIES, FLUXES, OR REGION DEPENDENT FISSIONS.,

' AND ABSORPTIONS WERE REQUESTED, BUT THE GEOMETRY DATA IS
INCONSISTENT..i O NUMBER OF GEOMETRY REGIONS FROM RESTARr, KREFT.,

NUMBER OF GEOMETRY REGIONS FROM INPUT DATA, KREFM-
+

This message is from subroutine RDCALC. Verify that the correct data set is mounted on unit
estn (RST=, Sect. Fil.4.3). A code error can also cause this message.

|

j K5-114 "* ERROR *"" ERROR * PARAMETER DATA SPECIFIED FLUXES BUT
.

THE RESTART DATA DID NOT INCLUDE FLUXES.

This message is from subroutine RDCALC. The restarted problem can turn off fluxes if the parent
'

case that wrote the restart data set calculated fluxes. However, if the parent case did not calculate
fluxes, the restarted problem cannot calculate fluxes either. If the correct restart data set was mounted

j on estn (RST=, Sect. Fil.4.3), the parameter data FLX=YES must be removed from the input data
p or FLX=NO must be entered later in the parameter data of the restarted problem.

K5-115 "* ERROR "* ERROR * PARAMETER DATA SPECIFIED REGION
DEPENDENT FISSIONS AND ABSORPTIONS, BUT THEY WERE NOT.

i INCLUDED ON RESTART.
1

This message is from subroutine RDCALC. The restarted problem specified FAR=YES in the
parameter data block but the parent case that wrote the restart data set did not calculate region.

J dependent fissions and absorptions. The restarted problem can turn off region-dependent data if the
parent case calculated them, but cannot turn them on if they were not calculated by the parent case.

,

Verify that the correct restart data set is mounted on estrt (RST=, Sect. Fl!.4.3). Remove FAR-YES^

from the parameter data of the restarted problem or add FAR-NO later in the parameter data. Sec-s;

i tion Fil.5.3 illustrates methods of changing the parameter input data.

,
._.. , _ . . _ .
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KS-Il6 *" ERROR *"" ERROR "* EXECUTION IS TERMINATED '" ERROR *" 7
'

.** ERROR "* -

This message from subroutine RDCALC is a companion to messages K5-il2 through K5-II5. A
STOP 121 is executed when this message is printed.

' K5-il7 THE CALCULATION WAS TERMINATED BECAUSE ERRORS WERE ENCOUN-
TERED IN THE START DATA.

,

This message is from subroutine GUIDE. It will be accompamed by one or more of messages
K5-101 through K5-104 or K5-106 through K5-110. A STOP 130 is executed when this message is;

[ Printed.

KS-Il8 EXECUTION TERMINATED. RAKBAR HAS BECOME ZERO OR NEGATIVE.

This message is from subroutine GUIDE. If this message appears without other error messages, a
code error is the probable cause.;

KS-119 JOB PULLED GENERATION- NEUTRON-
f'

'

This message from subroutine GUIDE indicates that the problem is looping, or the time allotted for
each generation, tbtch (TBA , Sect. Fil.4.3) is too small If tbach (TBA=) is increased significantly
and the message occurs again for the same generation and the same neutron, it is due to a code error.

;

i K5-120 EXECUTION TERMINATED DUE TO INSUFFICIENT IO'S. APPROXIMATELY '

g IO'S ARE NEEDED PER GENERATION, BUT ONLY REMAIN.

This message is from subroutine GUIDE. The problem can be resubmitted if more histories are
| desired. Be sure to change the job control language to request sufficient IO's to allow the problem to

run.

;
I K5-121 EXECUTION TERMINATED DUE TO INSUFFICIENT TIME IN THE JOB STEP.
g SECONDS ARE NEEDED PER GENERATION, BUT ONLY
l REMAIN IN THE JOB STEP.

This message is from subroutine GUIDE. If more histories are desired, change the job control lan-

3 guage to allow adequate time and resubmit the problem,

f ~

! K5-122 EXECUTION TERMINATED DUE TO EXCEEDING THE TIME SPECIFIED FOR
THE PROBLEM.

h This message is from subroutine GUIDE. If more histones are desired, increase imax (TME=,

4
Sect. Fil.4.3) to allow computation of the desired number of histories.

N{| K5-123 EXECUTION TERMINATED DUE TO COMPLETION OF THE SPECIFIED
NUMBER OF GENERATIONS.,,

.

I This message from subroutine GUIDE states that the requested number of histories have been com-
' 'pleted. If more histories are desired, increase the number of generations (GEN , Sect. Fil.4.3).

I

.

1
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K5-124 *** ERROR.*** THE OPTION TO USE EXTRA l-D'S WAS SPECIFIED BUT
ID NO WAS NOT FOUND IN THE EXTRA l D ARRAY.

| This self-explanatory message is from function INDX. If extra 1-D's are specified in the parameter
data (X1D=, Sect. Fil.4.3), extra 1-D ID's must be entered as data. See Sect. Fil.4.9. A STOP 107
is executed when this message is printed.

,'
1
1

K5-125 EXCEEDED NEUTRON BANK SIZE i

This message from subroutine BANKER indicates that the number of banked particles exceeds the
bank size. This can be corrected by incrossmg abenk (NBK , Sect. Fil.4.3).

4

K5-126 *** CROSS ERROR

This message from subroutine CROS indicates a code error. The printed data, left to right, are:
IGEO,K,X,Y,Z,XI,YI,Zl. IGEO is the geometry type, K is the region number, X,Y,Z is the current
position and XI,YI,Z1 is the end point of the path. A STOP 103 is executed when this message is
printed.

t

K5-127 **** ERROR.....NHCYT ****

This message from subroutine CROS todicates invalid hemacylmder ' formation as the result of am
,

code error. A STOP 104 is executed when this message is printed.'

,

.U
; K5-128 NEUTRON BANK IS FULL. SPLITTING NOT ALLOWED.

This message from subroutine TRACK indicates that the neutron bank is too small to allow addi-
tional splitting. This can occur if the bank size, abank (NBK=, Sect. Fl1.4.3) is too small, if the bias-

,
ing or weighting data are incorrect (Sect. Fil.4.7), or if the biasing data are is,mi dy utihzed in the

b geometry description (Sect. Fil.4.4).
I

K5-129 * ERROR IN SUBROUTINE ALBIN * FACE NUMBER USES

ALBEDO NUMBER = INCIDENT XSEC ENERGY GROUP =

( INCIDENT ALBEDO ENERGY GROUP =

|-
INCIDENT ANGLE INDEX= RANDOM NUMBER =

This message from subroutine ALBIN indicates that a code error was encountered when trying to
determine the output energy group during the albedo treatment.

} K5-130 * ERROR IN SUBROUTINE ALBIN * FACE NUMBEP USES

|
'

ALBEDO NUMBER = RETURNING XSEC ENERGY GROUP =
INCIDENT ALBEDO ENERGY GROUP =
INCIDENT ANGLE INDEX=

'
RETURNING ALBEDO ENERGY GROUP =
RANDOM NUMBER =

"
This message from subroutine ALBIN indicates that a code error was encountered while trying to

compute the returning angle in the albedo treatment.

. .
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'

K5-131 NO FISSIONS q,

This message from subroutine NSTART indicates that none of the generations encountered a fissile
material so no fission points were generated.

K5-132 WARNING ONLY INDEPENDENT FISSION POINTS WERE-

GENERATED

'

This message from subroutine NSTART indicates that less than ap6 (NPG=, Sect. Fil.4.3) rission
a points were generated during the premes generation. Because ap6 fission points are required by the

code, the rananning fiss;on points are randomly selected froni those that were generated, thus utilizing-

; duplicate fission points. If the number of fission points is considerably less than ap6 for most of the
generations, the answer can be affected.

; K5-133 NUMBER OF GENERATIONS RUN WAS INSUFFICIENT TO EDIT
.

I This message from subroutine KEDIT occurs if the number of generations completed is less than
nskip+1 (NSK , Sect. Fil.4.3). In this instance, the summaries for the problem cannot be printed.

.

KS-134 FLUXES FOR UNIT WILL NOT FIT IN CORE.

This message from subroutine FITFLX indicates that the flux array is too large for the available
core space. More space can be allocated in the job control language if desired.

K5-135 GEOMETRY TYPE - IGEO - OUT OF RANGE IN CRMAX
|.
I This message from subroutine CRMAX occurs if the geometry indicator is invalid as the result of a

code error. A STOP 102 is executed in conjun,-tion with this message and a traceback may be printed
from subroutine STOP.

K5-136 GEOMETRY TYPE - IGEO - OUT OF RANGE IN SRMAX.

This message from subroutine SRMAX occurs if the geometry indicator is invalid as the result of a,

| code error. A STOP 127 is executed in conjunction with this message and a traceback may be printed
r from subroutine STOP.

? K5-137 INPUT DATA SAID TO PRINT WEIGHTS, BUT THEY WERE NOT PRINTED
F BECAUSE THE NUMBER OF ENERGY GROUPS EXCEEDS THE AVAILABLE
F SPACE.
s

j This message is from subroutine MASTER. In order to accommodate the specified number of
energy groups, more computer storage must be requested in the job control language.

L K5 138 "*"* A WEIGHT OF 0.0 INDICATES THAT WEIGHTS WERE NOT READ
OR GENERATED FOR THE BIAS ID. """**
""""" WEIGHTS OF 0.0 WILL BE DEFAULTED TO 0.5 PRIOR TO EXECU-
TION *""*

)
| This message is from subroutine PRTWTS. It is printed to alert the user that weights were not
'

entered, defaulted, or generated. This message may appear as the result of a code error.

- _. .. . . ..- .
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.

KS-139 "*" ERROR *"" NO VALID MIXTURES WERE FOUND IN THE GEOMETRY
DESCRIPTION.

This message from subroutine ICEMIX indicates that the geometry data did not specify any valid
,
' mixtures. Check the geometry data (Sect. Fil.4.4) and correct any errors that are found. This mes-

sage can also be tnggered if the unit orientation data description is not properly entered for geometry.

. having more than one unit or box type.

K5-140 '" ERROR"' NOT ENOUGH STORAGE FOR START TYPE 6 DATA. IST IS
AMT NEEDED,2ND IS AMT AVAILABLE.
PERTINENT CONSTANTSg Q

This message from subroutine SAVST6 indicates that more computer storage is necessary to run'

this problem. At least (1) words of storage are needed to run the problem, but only (2) words of
storage were available. Tacrease the amount of computer storage requested in the job control language

'

to correspond to the amount of storage needed. A STOP 126 is executed in conjunction with this mes-
sage and a traceback may be printed from subroutine STOP.

,

-

K5-141 DATA CANNOT BE CHANGED WHEN A PROBLEM IS RESTARTED AT A GEN-
ERATION GREATER THAN ONE.

7 This message from subroutine DATAIN is printed if data other than parameter data are entered for
t a problem being restarted at a generation greater than one. If data other than certain parameter data
) are to be changed, the problem must be restarted with the first generation. The error flag is set so the.,

.] problem will not execute.
,

K5-142 NO GEOMETRY DATA HAS BEEN SPECIFIED IN THE INPUT DATA.,

This message from subroutine DATAIN indicates that a geometry data block was not entered for
| the problem either as input data or from the restart unit. Correct the data and resubmit the problem.

A STOP 135 is executed in conjunction with this message and a traceback may be printed from subrou-4

< tine STOP.

K5-144 DUE TO INCONSISTENCIES BETWEEN INPUT AND RESTART DATA, MATRIX<

INFORMATION BY UNIT TYPE WILL BE CALCULATED BUT NOT PRINTED.
INPUT DATA SET MKU=NO, BUT DATA FROM THE RESTART UNIT SPECI-
FIED YES.

' Ibis self. explanatory warning message is from subroutine PARAM. The matrix information by unit,

L type cannot be climinated if it was calculated by the original problem (parent case) that wrote the re--

start data. However, printing it can be avoided. Verify that the correct problem is being used for re-'

'b starting the problem (the title is printed at the bottom of the parameter tables). Also verify the spectfl.
cation of the restart unit, RST, in the third table of the output.

.

-

S
I
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i

i K5-145 DUE TO INCONSISTENCIES BETWEEN INPUT AND RESTART DATA, MATRIX T
|' INFORMATION BY UNIT LOCATION WILL BE CALCULATED BUT NOT

'

PRINTED. INPUT DATA SET MKP-NO, BUT DATA FROM THE RESTART UNIT

| SPECIFIED YES.

|
This self-explanatory warning message is from subroutiac PARAM. The matrix information by unit

location (also called array position or position index) cannot be ehmmated if it was calculated by the
ongmal problem (parent case) that wrote the restart data. However, printing it can be avoided. Verify
that the correct problem is being used fr restarting the problem (the title is printed at the bottom of I

; the parameter tables). Also verify the specification of the restart unit, RST, in the third table of the
output. |

'

!
' MATRIXK5-146 * ERROR "" ERROR * PARAMETER DATA SPECIFIED

INFORMATION BY UNIT TYPE BUT IT WAS NOT FOUND ON THE RESTART
) UNIT.

His message from subroutine RDCALC is printed if a restarted problem requests matrix informa-r

tion by unit type when it was not requested and calculated by the original problem (pare.et case) that
a wrote the restart data. Verify that the correct restart data is being used and that the restart unit

(RST) is correctly specified. Eliminate the request for matrix information by unit type (MKU , in the
parameter data) if it is not necessary. The problem must be restarted with the first generation
(BEG-1, in the parameter data) if matrix information by unit type is required and was not calculated
by the parent case. A STOP 121 is executed in conjunction with this message.

L
'

K5-147 * ERROR *" ERROR * PARAMETER DATA SPECIFIED MATRIX ]-'

INFORMATION BY UNIT LOCATION BUY IT WAS NOT FOUND ON THE RE- '

|
START UNIT.

- This message from subroutine RDCALC is printed if a restarted problem requests matrix informa-
tion by unit location (also called array position or position index) when it was not requested and calcu-
lated by the original problem (parent case) that wrote the restart data. Verify that the correct restart

| data is being used and that the restart unit (RST) is correctly specified in the first table following the '

| parameter table. Eliminate the request for matrix information by unit location (MKP=, in the
p parameter data) if it is not necessary. If matrix information by unit location is required and it was not
! calculated by the parent case, the problem must be restarted with the first generation (BEG-1, in the

parameter data). A STOP 121 is executed in conjunction with this message.

K5-149 A CROSS SECTION LIBRARY WAS SPECIFIED FOR A RESTARTED PROBLEM,
BUT MIXING TABLE DATA WAS NOT AVAILABLE. THE PROBLEM WILL NOT

'

EXECUTE.
;-

j Dis message from subroutine RDRST means that LIB- was entered in the parameter data block
4 and a mixing table data block was not available. A flag is set to terminate execution when the data

] reading has been completed. If cross sections are to be used from the restart unit (RST=), eliminate
'

the LIB- or XSC- from the parameter data. If new cross sections are to be mixed, LIB- must be
specified la the parameter data. The ID's in the mixing table must be available on the cross-section'

library spe'cified by LIB . A problem can be restarted using a new mixed cross.section library by.

specifying XSC- in the parameter data.
'

!

* g*

L
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.

K5-150 * ERROR ** ERROR * TOO FEW ENTRIES WERE SUPPLIED IN THE
-'

REFLECTOR GEOMETRY DESCRIPTION.

j This message from subroutine KENOG indicates that too few data entries were supphed for the
geometry word REFLECTOR. The mixture ID, bias ID, one of the thickness / region specifications or,

| the number of regions to be generated was omitted or incorrectly specified. Each REFLECTOR entry
I requires (1) a mixture ID, (2) a bias ID, (3) N entries for the thickness / region specifications, and

(4) the number of regions to be generated. The thickness / region can be obtained from the Increment
Thh column of Tabis Fil.4.5 for the material to be used in the regions generated by the
REFLECTOR specifie=*ian N is the number of thicar====/ region , _ Mm'-- required by the geome-

i

; try shape: N-1 for spheres or '- ' ;' __ , N-3 for cylini.ers and homicylinders, and N-6 for cubes, l

? cuboids, and cores. A flag is set to terminate the problem when the input data reading is
compieted.

K5-151 * ERROR * IS AN INVALID PARAMETER NAME IN THE ARRAY
DATA

,

This message faom subroutine ARAYIN indicates that a parameter name was misspelled or the

| data was out of order. See Sect. Fil.4.5 for a list of the array parameter names.

K5 152 * ERROR * IRET= A PREMATURE TERMINATION WAS
81NCOUNTERED WHILE READING ARRAY DATA.,

! IRET-1 INDICATES AN END WAS FOUND. IRET-2 INDICATES AN END OF
FILE..

[j This message from subroutine ARAYIN indicates that an array number was specified without,

,'

entering the corresponding UNIT ORIENTATION DESCRIPTION. See Sects. Fil.4.5 and Fil.5.6,

' *

for assistance.
3

! K5 153 FIRST TWO NUMBERS ARE WORDS OF STORAGE NEEDED AND ALLO-
- CATED. THIRD IS ADDITIONAL REGION SIZE NEEDED.

This message from subroutine SORTA indicates that the allocated computer storage is too small to
allow loading the unit orientation data prior to determining the nesting level of the arrays defined by
the unit orientation data. The first number printed is the amount of storage, in words, needed to hold
this data. The second number is the amount of computer storage that was allocated, and the third

2 number is the minimum additional region sias, in units of K bytes, necessary to l'old this data. Increans
the region size for the 'go step * in the job control language by the additional required region size (the.

third number) and resubmit the problem..

.

K5 154 * ERROR * LEVELA. IS LARGER THAN THE NUMBER-

OF ARRAYS.

This message from subroutine SORTA indicates that the array data specified in the problem is
recursively nested. An example of this is:

array I contains array 3
- array 2 contains array I

_ array 3 contains array 2
4

j 's /

Thus the definition of array I and array 3 are latertwined in a never ending loop. Correct the array,

data (Sect. Fil.4.5) and resubmit the problem. If the input data did not specify recursive nesting, a
code error has occurred.-

;

.
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.

K5-155 *** ERROR *** THE NESTING FLAO OR NUMBER OF ARRAY Lc/ELS HAS 3
BEEN DESTROYED BY A CODE ERROR.
THE ORIGINAL NESTING FLAG WAS SET IT IS NON SET'

THE ORIGINAL NESTING LE*iEL WAS IT IS NOW

This self. explanatory message is from subroutine LODARA. A STOP 140 is er.ecuted in conjunc-
tion with this message.

K5-156 *** ERROR *** MIXTURE CONTAINS AT LEAST Ol4E ZERO VALUE
FOR THE TOTAL CROSS SECTION.

'
This message is from subroutine XSEC. All the total cross sections must be positive. Zero total

cross sections can occur if all the components of a mixture are mixed with a zero number density.
Correct the mixing table for the specified mixture and resubmit the

,

problem.
t

3 K5-157 *** ERROR *** THE FIRST HOLE IN A UNIT MUST FOLLOW A VALID
GEOMETRY REGION.

A STOP 141 accompanies this message from subroutine READGM. If holes are to be utilized in
the geometry regma data, (Sect. Fil.4.4) they must follow the rssion la which they are to be placed.
This message indicates that HOLE was the first geoantry description la a unit or was placed inside a
CORE or ARRAY description. Correct the geometry region data and resubmit the problem.

h; K5-158 *** ERROR *" ERROR IN THE NUMBER OF HOLES. lHOL-
.j NUMHOL-

This message is from subroutine READGM. A code error is the probable cause of this error.

*

K5-159 "* ERROR *" ARRAY NUMBER SPECIFIED IN THE GEOMETRY
t REGION DATA WAS NOT ENTERED IN THE ARRAY DATA.
!

{ This message from subroutine SORTA occurs if the array number specified for an ARRAY region
description of the EXTENDED GEOMETRY data (Sect. Fil.4.4) did not have the corresponding
UNIT ORIENTATION DATA entered in the ARRAY DATA (Sect. Fil.4.5). A STOP 142 is exe-,

cuted in conjunction with this message. Correct the data and resubmit the problem.

K5-160 THE HOLES ARE RECURSIVELY NESTED..

| This message from subroutine HOLE indicates that the geometry region data description (Sect.
Fil.4.4) specifies holes that are recursively nested. This can happen if a unit contains a hole whose.

i definition traces back to the same unit or are defined la terms of each w.her. A simple example of
I recursive nesting is:
!

UNIT I CUBE O 12P10.0 HOLE 2 3*0.0
UNIT 2 CUBE O I 2P10.0 HOLE 1 3*0.0

; Thus unit I contains unit 2 and unit 2 contains unit 1. Check the geometry region data for recursive
nesting. In the absence of recursive nesting. a code error is the probable cause of this message. A

"
STOP 143 is executed wlmn this message occurs and a traceback is printed. ;

4

1
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t

| K5-161 * ERROR * THE GLOBAL ARRAY SPECIFIED IN THE GEOMETRY
| REGION DATA IS BUT THE GLOBAL ARRAY SPECIFIED IN THE |

| ARRAY DATA IS EXECUTION IS TERMINATED.
l
| This message is from subroutine FLDATA. A STOP 144 is executed in conjunction with it. The
I global array specified in the array data (Sect. Fil.4.5) was entered using the keyword GBL . It was

not consistent with the implied global array from the geometry region data (Sect. Fil.4.4). The global
array number in the geometry region data is defined to be the array number of the last ARRAY or
CORE description that dnes not i===&ataly follow a UNIT or BOX TYPE definition, Le., other 1

|geometry definitions occur between UNIT and CORE or ARRAY. Correct the data and resubmit the
problem. |

/ K5-162 * ERROR * THE GLOBAL ARRAY WAS NOT CONSISTENTLY SPECIFIED.
i THE ARRAY DATA SPECIFIED ARRAY NUMBER AND THE

GEOMETRY DATA SPECIFIED ARRAY NUMBER

This message from subroutine SORTA occurs if GBL- in the array data (Sect. Fil.4.5) does not,

; agree with the global array number implicitly set in the geometry region data (Sect. Fil.4.4). "Ihe
geometry region data defines the global array number to be the array number of the last ARRAY or

,

i CORE description that does not immediately follow a UNIT or BOX TYPE definition, i.e., other
! geometry definitions occur between UNIT and CORE or ARRAY. A flag is set to terminate execution

when the data readmg is completed.

1
'

K5163 * ERROR *** ARRAY NUMBER IS WORDS LONG, BUT ONLY
WORDS ARE AVAILABLE WHEN WRITING RESTART. THE RESTART-

> FILE WILL BE INCOMPLETE. THE PROBLEM WILL NOT EXECUTE.4

This message is from subroutine WRTARA. It indicates that the available computer storage is too
small to hold the array data from the direct access device. This in turn will cause the restart data file
to be incomplete. Increase the requested storage space la the job control language and resubmit the,

problem.

K5-164 * WARNING * ARRAY NUMBER IS WORDS LONG, BUT
/ ONLY WORDS ARE AVAILABLE WHEN READING RESTART. THIS
| ARRAY WILL NOT BE AVAILABLE. THE PROBLEM WILL NOT EXECUTE IF

THIS ARRAY IS USED.
,

i

| This message is from subroutine RDARA. It occurs when the restart data file is being loaded from
the restart unit and the allocated space is insufficient to hold the data for the specified array. Resubmit.

the problem, requesting more storage space in the job control language.
,

1

K$.165 * ERROR * GEOMETRY TYPE OLII' OF RANGE IN SUBROL' TINE A0JUST.
*

IGEOH-

I This message from subroutine ADJUST indicates that the geometry type, IGEO, falls outside the
allowable range of I through 19. This can occur if a HOLE references an undefined unit number. If
all the unit numbers referenced by the holes are valid, a code error is the probable cause.

b

t,

!

'
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K5-166 HOIE NUMBER INTERSECTS REGION NUMBER

This form of message K5166 is from subroutine HOLEXT. It indicates that the specified hole :

intersects the region in which the hole was placed. A flag is set to terminate execution when the data
reading is completed. Correct the geometry data (Sect. Fil.4.4) and resubmit the problem.

K5-167 GEOMETRY TYPE - IGEO OUT OF RANGE IN CRMIN
'

His message from subroutine CRMIN is acampanied by a STOP 145. De geometry type, IGEO,
.

must be greater than aero and less than 20. If it does not fall in this range, a code error is the probable
3 cause.
..

K5-168 GEOMETRY TYPE - IGEO OUT OF RANGE IN SRMIN,

l
i

This message frosi subroutine SRMIN is accompanied by a STOP 146. The geometry type, IGEO,
must be greater than aero and less than 20. If it does not fall in this range, a code error is the probable
cause.

..
,

,

K5-169 HOLE NUMBER INTERSECTS REGION NUMBER

This message from subroutine HOLHOL occurs if a hole intersects the first region interior to the
region la which the hole is implaced. This may be a real intersection or it may be due to roundoff in
processing the holes. If it is due to roundoff, adjust xhole, phole and/or zhole and/or the dimensions
as appropriate. This message indicates that the probian will be terminated when the data reading is

| completed. ,q
'
,

G
q K5 170 ERROR IN KENO $ PICTURE DATA - KEYWORD IS NOT VALID.

This message from subroutine RDPLOT indicates that an invalid keyword was encountered in the
? plot data. The data may be out of order or spelled incorrectly. See Sect. Fil.4.lt for a list of accept.
j able keywoods.

1

j K).171 ERROR - DIRECTION COSINES DOWN THE PAGE WERE ALL INPUT AS ZERO.

This message from subroutine RDPLOT indicates that the values for UDN=, VDN= and WDN=
were all zero. A zero value vector does not define a direction, so an error has occurred. See Sect.

L Fil.4.ll for information concerning direction cosines down the page.

K5-172 ERROR DIRECTION COSINES ACROSS THE PAGE WERE ALL INPUT AS-

:, ZERO.
1

j nis message from subroutine RDPLOT them that the values for UAX=, VAX= and WAX =
,

p wwe all aero. This is an error because a aero value vector does not define a direction. See Sect. '

] Fil.4.l t for assistance la defining direction cosines across the page.
.

K5 173 ERRORS WERE DETECTED IN THE INPUT DATA FOR THIS PICTURE. IT
' WILL NOT BE DRAWN.

. .)This message from subroutine RDPLOT is a companion to messages K5174, K5-170, K5171 and*

K5172. Correct the error that triggered the companion message and resubmit the problem.
\

,

so

. .* * +,
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.

| K5-174 ERROR IN KENO 5 PICTURE DATA - SHOULD BE ENTERED AS
! YES OR NO.

| This self explanatory message is from subroutine RDPLOT. Correct the error and resubmit the
| problem. See Sect. Fil.4.ll for assistance.
:

K5-175 DUE TO INCONSISTENCIES BETWEEN INPUT AND RESThRT DATA, MATRIX
INFORMATION BY HOLE WILL BE CALCULATED BUT NOT PRINTED. INPUT
DATA SET MKH-NO, BUT DATA FROM THE RESTART UNIT SPECIFIED YES.

'llais selfexpleastory warning' message is from subroutine PARAM. The r:strix information by
hole cannot be ahminated if it was calculated by the original problem (parsat cus) that wrote the re-
start data. However, printing it can be avoided. Vaify that the correct problem is being used for re-
starting the problem (the title is printed at the bottom of the parameter tables). Also vwify the specifi-
cation of the restart unit, RST, in the third table of the computer output.

K5-176 DUE TO INCONSISTENCIES BETWEEN INPUT AND RESTART DATA, MATRIX
INFORMATION BY ARRAY WILL BE CALCULATED BUT NOT PRINTED.
INPUT DATA SET MKA-NO, BUT DATA FROM THE RESTART UNIT SPECI-
FIED YES.

This self. explanatory warning message is from subroutine PARAM. The matrix information by
array cannot be ehminated if it was cabulated by the original problem (parent case) that wrote the
restart data. Howevw, printing it can be avoided. Vwify t!aat the correct problem is being used for
restarting the problem (the title is printed at the bottom of the parameter tables). Also verify the speci.'

E fication of the restart unit, RST, la the third table la the computer output.

K5177 *" ERROR """ ERROR *" PARAMETER DATA SPECIFIED MATRIX INFOR-
MATION BY HOLE BUT IT WAS NOT FOUND ON THE RESTART UNIT.

This message from subrouties RDCALC is printed if a restarted problem requests matrix informa.
I tion by hole when it was not requested and calculated by the original problem (parent case) that wrote

the restart data. Verify that the correct restart data file is being usef and that the restart unit (RST)
is correctly specified. Eliminate the request for matrix information by hole (MKH=, la the parameter
data) if it is not necessary. The problem must be restarted with tt4e first generation (BEG-1, la the
part. meter data) if matrix information by hole is required and was not catalated by the parent case. A
STOP 121 is executed in conjunctice with this message.

K5178 "* ERROR """ ERROR "* PAhtAMETER DATA SPECIFIED MATRIX INFOR-
MATION BY ARRAY BUT IT WAS NOT FOUND ON THE RESTART UNIT.

This message from subroutine RDCALC is priated if a restarted problem requests matrix laforma-

| tion by array (also called array position or position ladox) when it was not requested and calculated by
' the original problem (parent case) that wrote the restart data. Vwify that the correct restart data is

being used and that the restart unit (RST) is correctly speciAed in the first table following the parame-
ter tables. Eliminate the request for matrix leformation by array (MKA=, la the parameter data) if it
is not necessary. If matrix laformation by array is required and it was not calculated by the parent
case, the problem must be restarted with the first genwation (BEO-1, in the parametw data). A
STOP 121 is executed la conjunction with this message..

J

|
1
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K5-179 HOLE NUMBER INTERSECTS HOLE NUMBER, IN REGION 3NUMBER

This message from subroutine HOLHOL indicates that the specified holes intersect. Check the
dimensions and origins of the units being placed in the region.

K5 180 ERROR IN KENO $ PICTURE DATA - KEYWORD IS NOT VALID.

His message from subroutine RDPLOT indicates that the plot or picture data are out of order or a
q keyword is incorrectly spelled. See Sect. Fil.4.Il for a list of correct keywords.

'

t

K5-181 * ERROR * LPlc IS OUT OF RANGE. LPIC-

This message from subroutine PRTPLT indicates that a code error has occurred or the type of plot
: (PIC=) was not properly specified. Ipic-1 for a mixture map, Ipic=2 for a unit map and lpic 3 for a

bias ID map. Any other values of Ipic are invalid.,

. .

K5182 INSUFFICIENT SPACE FOR PLOTTING ARRAYS. FIRST NUMBERS ARE
STORAGE NEEDED AND ALLOCATED. LAST IS REQUIRED ADDITIONAL
REGION SIZE.

,

Dis message from subroutiae MASTER is accompnaied by a STOP 147. It ladicates that the allo.'

L cated computer storage will not hold the plot data. The first number printed is the amount of storage,
,

'

j in words, needed to hold this data. The second number is the amount of computer storage that was ], L

allocated, and the third number is the minimum additional region slas, la units of K bytes, necessary to '

] hold the data. Increase the region sias for the 'go step" in the job control language by this third num-

/ ber and resubmit the probian. If additional computer storage is not available, eliminate the fluxes, fis-
sions and absorptions by region, matrix laformation or other space consuming options (see Sect.
Fi l.4.3).

K5 183 * WARNING * UNIT WAS NOT CHECKED FOR GEOMETRIC
d CONSISTENCY IT CONTAINS ARRAY BUT WAS NOT USED IN THE
I PROBLEM.

This warning message is from subroutine JOMCHK. It means that a unit whose first region is an
F array was described in the extended geometry data but that unit was not referenced in the unit

orientation data (see Sects. Fil.4.4 and Fil.4.5). KENO usually checks all the geometry region data4

to be sure it is. correct, even when the unit is not used la the problem. The code is unable to make,

p these checks when a unit containing as array is not used la the problem. It is not necessarily an error,

|- but the user should double check to be sure that unit was latentionally omitted from all the arrays.
1

WORDS OF STORAGE ARE NEEDED FOR THE WEIGHTS, BUTK5184 "**

9 ONLY WORDS ARE AVAILABLE **

| This message from subroutine RDBIAS ladicates that the allocated computer storage is not suffl.
j cient to process the biasing or weighting data for the problem. lacrease the region sias in the 'go step"

of the job controllanguage.The additional required region siae is four times (the difference of the two'

! numtwrs plus 1023) divided by 1024. A STOP l$1 is executed when this message is printed. .

,

1. ;

, .

.,m . . , , - , . - . , . . , - . - - . -,,,,--.. ._, . --,mv .- ,-.~,--.,-2.-- , - -.-......-.-.---,n--- y.-.,--- --., ,,.y-m -- . -



__

*

i

,

F11.7.31

K5-185 "* ERROR "* THE NUMBER OF SETS OF BIASING CORRELATION DATA
EXCEEDS THE NUMBER THAT WAS WRITTEN WHEN THE BIASING DATA

| WAS READ. WERE #RITTEN, BUT AN ATTEMPT WAS MADE TO |
READ t

|
1

| This message from subroutine WAITIN is accompanied by a STOP 148. It is indicative of a code
! error, unless accompanied by error messages related to the biasing input data.

i

'

K5 186 "* ERROR *" THE NUMBER OF SETS OF BIASINO AUXILIARY DATA4

l EXCEEDS THE NUMBER THAT WAS WRITTEN WHEN THE BIASING DATA
WAS READ. WERE WRITTEN, BUT AN ATTEMPT WAS MADE TO

,

READ4

I

*
This message from subroutine WAITIN is accompanied by a STOP I49. It is indicative cf a code

error, unless accompanied by error messages related to the biasing input data.

K5 187 ""* WARNINO INTERVALS IN THE ABOVE RANGE WERE NOT USED.
THIS COULD LEAD TO IMPROPER BIASING. ""*

i

: His message from mbroutine LODWTS is printed to remind the user that at least one of the speci.
j fled interva!4 was not utilized in the problem. This can result in improper biasing. Biasing should not

i be used between fissile units. When biasing is used, it should be flat or lacreasing as distance from the
fissile material increates and flat or decreasing as a history moves toward fissile material. See Sect.'

Fil.5.3 for additional assistance.'

K5 188 '" ERROR "* HOLE NUMBER REFERENCES UNDEFINED UNIT
NUMBER NUMBER-

i nis message is priated by subroutine READOM if the unit number referenced by the hole is less
,

than one or greater than the largest unit number in the geometry data. %e message is printed by sub-
i routine HOLE if the unit number referenced by the hole is larger than aero and not greater than the
! !argest unit number la the geometry data, but is a unit number for which all data are missing. The
.

message is priated by subroutine HOLCHK if the unit number referenced by the hole is undefts.ed.
4 Message K5165 may accompany this message. Specify a valid unit number (thole see EXTENE ED *

GEOMETRY DESCRIPTION Sect. Fil.4.4) and resubmit the problem. |'

*

BOUNDARY IS NOT A CUBE OR CUBOID. - f.] K5189 "* ERROR *" ALBEDOS WERE SPECIFIED FOR A PROBLEM WHOSE OL*TER

THE PROBLEM WILL NOT EXECUTE.

I
This message from subrouties JOMCHK is printed if the outer geometry region is not a cube ori

cuboid. A REFLECTOR or REPLICATE geometry description immediately following a CORE, |,

ARRAY or CUBOID is considered to be a cuboid. If reflection is desires' on a surfeos of some other I4

shope, it will be neessaary to describe actual geometry regions of the appropriate material.

K$.190 ERROR IN PICTURE DATA OPTION IS NOT VALID FOR KEYWORD;
; PIC =.

His message from subroutine RDPLOT indicates an lacorrect option associated with the keyword

| PIC=. Sen Sect. Fil.4.ll, Acceptable options include MAT, MIX, MIXT, MEDI, BOX, BOXT,
UNT, UNIT, IMP, BIAS, WTS, WOT, WOTS or WEIGH.'

i

.
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,

'

K5 191 "*" ERROR "*" START TYPE IS INVALID FOR A PROBLEM s

THAT DOES NOT HAVE A GLOBAL ARRAY. *"" ERROR "*" '

|

i This message from subroutine DATAIN occurs if the start type (NST- in the start data,
Sect. Fil.4.8) is 2,3,4, or 5. A global array is required in order to use the specified start type.

i K5192 MATRIX INFORMATION BY ARRAY WAS SPECIFIED AS YES IN THE PARAM-
! ETER DATA (MKA-), BUT IS NOT ALLOWED BECAUSE ARRAY DATA WERE
[ NOT SPECIFIED.

l His warnias message from subrouties DATAIN is self-explanatory. The code redefines the prob-
lem so matria information will not be collected by array number.;

K5193 MATRIX INFORMATION BY HOLE WAS SPECIFIED AS YES IN THE PARAM..

ETER DATA (MKH ), BUT IS NOT ALLOWED BECAUSE HOLE DATA WERE
$ NOT SPECIFIED.

| This warning message from subroutine DATAIN is self-explanatory. The code redefines the prob-
; tem so matrix laformation will not be collected by bois number.

!
j K5-194 MATRIX INFORMATION BY UNIT LOCATION WAS SPECIFIED AS YES IN

THE PARAMETER DATA (MKP=), BUT IS NOT ALLOWED BECAUSE A GLOB-*

| AL ARRAY WAS NOT SPECIFIED.

3 His warnias message from subroutine DATAIN is self explanatory. The code redefines the prob. -}
*

j! lem so matria laformania= will not be collected by unit location.

K5 195 "*" ERROR *"" CHARACTER STRING EXCEEDS THE SPECIFIED4

i LENGTH. CHECK FOR ENDING DELIMITER.

This error message is from subroutine RCHRS. It indicates that either the character string exceeds
,

132 characters or the ending delimiter was omitted for 'ITL- (plot title, Sect. Fil.4.ll) or for
COM- (unit comment. Sect. Fil.4.4, or array comment, Sect. Fil.4.5). A STOP 153 is executed
when this message is printed.

| K5 196 A PROBLEM CANNOT BE RESTARTED WHEN RESTART DATA DO NOT EXIST
FOR THE SPECIFIED GENERATION AND THE NEXT GENERATION FOR
WHICH RESTART DATA ARE AVAILABLE IS LARGER THAN THE F

REQUESTED NUMBER OF OENERATIONS. EXECUTION IS TERMINATED.
h

This neessage from subroutine RDCALC ladicates that a problem was to be restarted but the
,

requested number of gaaerations (GEN =, Sect. Fil.4.3) was smaller than the beginales generationi

number (BEO , Sect. Fil.4.3). De beginales y :-"= number for a restarted problem is the gen-,

b erstion at which the calculation of k eNectives and associated leformation is resumed. Therefore, the
number of generations to be run must be larger than the beginning generation number. Correct the-

| data and resubmit the problem. A STOP 154 is executed when this emessage is printed.
t

I K5197 "* ERROR IN UNIT *" A VALID GEOMETRY REGION MUST PRE.
CEDE A REPLICATE REGION.

Bis inessass from subrouties KENOO indicates that a replicate specification follows sa invalid
geometry specification (for example, REPLICATE lausediately follows a UNIT specification).

,
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| K5-198 *" ERROR '" ARRAY CONTAINS AN ERROR IN THE INPUT DATA.
|

| This message from subroutine ARAYIN is printed as the result of an error in the FILL input data
j for the specified array. One or more messages from the library routine YREAD should immediately

precede this message and indicate the nature of the error. Correct the data and resubmit the problem. ;

Messages K5-32, K5-33 and/or K5-85 may also print as a result of this error.

K5-199 '" ERROR '" AN ARRAY WAS SPECIFIED IN THE GLOBAL UNIT, BUT
ARRAY DATA WERE NOT ENTERED.

'

I

This message from subroutine SORTA occurs if array data are not entered when the global unit
geometry specifies an array by using either CORE or ARRAY. A STOP 156 is executed in conjunc.
tion with this message. Enter the appropriate array data and resubmit the problem. -

F11.7.2 STOP CODES
The STOP codes that are encountered in KENO Y are listed in tabular form, indwating the subrou-

time where they occur and the associated error message. A STOP is executed whenever a fatal error is
recognized. Look up the assocuted message number to determine the appropriate corrective measures.
A traceback may be generated whenever subroutine STOP is called to print a message. If no traceback
is indicated in the STOP CODE table, a stop is executed as soon as the associated message is printed.

4
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STOP ASSOCIATED )
NUMBER SUBROUTINE TRACEBACK MESSAGE

100 ARAYIN yes K5-25
101 ARAYIN no K5-31
102 CRMAX yes KS135
103 CROS no KS-126
104 CROS no K5-127
105 WRTALB no K5-71
106 ICEMIX so KS68
107 INDX no K5-124
108 INITAL mo KS-2
109 INITAL so K5-2
110 MAKANG yes K5-57
Ill MIXCRS yes K5-32
112 MIXER yes K5-53
113 MIXER yes KS-54
114 MIXIT yes K5-15
115 NORMID no K5 56
116 NSUPG yes K5-79
117 NSUPO no KS-41
118 PARAM no K5-7 or K5-8
119 PRTLBA no K5-89
120 RDALB no K5-49 *

121 RDCALC no K5-il6 or KS 146
or K5-147 or K5177
or K5118

122 RDICE no KS50
123 RDRST no K5-48
124 RDTAPE no KS-69
125 READGM no KS-20
126 SAVST6 yes K5140 .'.
127 SRMAX yes KSl36 '

128 START yes K5-101
129 MASTER no K5100
130 MASTER no KSil7 or K5-128
IJl VOLFIS no KSI10
132 WRTICE no KS-72
133 WRTRST no KS70
134 TRACK no KS-42
135 DATAIN yes K5-142
136 DATAIN yes KSI43
137 ARAYIN no KSI5I
138 SORTA yes KS153
139 SORTA no K5154
140 LODARA no KSl55
141 READGM no KLI57
I42 SORTA no K5-159
143 HOLE no KS-160
144 FLDATA' so KS161
145 CRMIN yes K5167
146 SRMIN ym KSl68 .
147 MASTER yes K5182
let WAITIN no K5185
149 WAITIN so K5-186
150 WATES yes K5-22
131 RDBIAS no K5184
132 DATAIN so K5-46
153 RCHRS yes K5-195
154 RDCALC no K5196

j 155 OEOMIN yes KL25
'

156 SORTA yes KS-15
,,

,
- )
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APPENDIX A

Fil.A ALPHABETICAL INDEX OF SUBROUTINES

This section provules a convenient alphabetical index whereby the user can locate a brief summary
of the function of a subroutine. It also provules a list of the subroutines from which the subroutine is
called in addition to listing the subroutines and library routines it calls. A " for a page number indi-
cates a FORTRAN-supphed library routine.
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F11.A.2 |
|

s
1

SUBROUTINE CALLING CALLED PAGE
NAME SUBROUTINE SUBROUTINE NUMBER

ACOS STRT5U **
........._ - ..........____ .__. ..........................

ADJUST NOLCNE MOVE F11.3.34
.-___....... _.................. .==_=--- .............__...

ALBEDO TRACK F11.3.41
s ..._-......... ==.........._...._ __.-_.......... ......

ALBIN TRACK ASIRN F11.3.f?
FLTRNi

'
...__.................= =....._........._.................

ALBRD DIFALB ALBU53 F11.3.t8
.... .....____......................................___.

ALBUSE ALBRD IO F11.3.18
RITE

__. ................ __.....................................

ALOCAT MAIN M2.2.1

3 Q48009
....... _____...__....... ...__.. _......_ .____.._.........

ALOG CORRE **
, ._______..............__..............__.........______.....

ANGLES PRANG FIND F11.3.22
0

__..........__.......____ ........__ ...............________

ARALBA JOMITY PRTLBA F11.3.30
__......__ ____.....__......._____ ..... ____............

t ARA 8IE CORSIE LSCAN F11.3.30
i. ......___..._............... . ......___....................

. ARAYIN DATAIN AREAD F11.3.7 .

BOX F11.3.9 !.,

CLEAR '

NLFWRD
IREAD

>

; MOVE
: RCNRS
! RDsOX
! STOP
j YREAD
. ..___.........__................. .....__..........___.__...

AREAD ARAYIN M2.2.4
' DATAIN

INITAL
KENOG
MIXIT,

PARAN
5 RCNRS
,

RDSIAS
RDORGN
RDFLOT
RDREF'

RDSTRT
1 ................___.......__...........__................_..

~
.

.

!

3
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SUBROUTINE CALLING CALLED PAGE
*

NAME SUBROUTINE SU3 ROUTINE NUMBER
ARSIN START 1 **

VOLUME

|
.............. .__._- ..--....--___..........--... .........

j ASIRN ALBIN M2.2.60
STRTSU
TRACK

...........................................................-
'

BADMON FRANG F11.3.22.

........ .....__ .....................-_...................

BANKER GUIDE MOVE F11.3.40
F11.3.41

........................ ................... ...............

BOX ARAYIN F11.3.9
._----_ ......................----. -- ...... ..........._.-

-

BOXC LOADIT F11.3.32
......-- ........................--.. --..... ...... -....

CNKSTR GUIDE MOVE F11.3.40
L SQRT F11.3.41

TRKWRT
.........--_..........................-_....--..--_...... ..

CHOOSE START 4 FLTRN F11.3.45
I

START 5 F11.3.45
. ......-_.. .................--........ ...................

CLEAR ARAYIN M2.2.9
CORRE

|* DATAIN
FILLSG,

*' FLDATA
.,

GEONIN
J GUIDE

MOLE
NUNTER
LODARA

'

LODWTS
MAKANG,

MASTER
NATE,

'I MESE
.l, MIXCRS

4 NNITL
'3

NSTART
FARAM

' RDALB
i RDICE

RDFLOT
RDTAPE .

RGUSG*

,- RT/.atA
L EAVST6

SORTA
. START
;1' UNTCR.
] YOLUME

.. ._____ ..... _____.................... .................. .
.

CLOSDA MAIN M2.2.10
MIXER.

'

j 000009
:, ................ ... .-____..........______-......-- .......

CMPRS MIXMIX F11.3.21
.............................__............ ....---.........

I

\'

l

.

I

, ,
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,

SUSROUTINE CALLING CALLED FAGE .)
NAME SUBROUTINE SUSROUTINE NUMBER

CORRE MASTER ALOG F11.3.5
CLEAR F11.3.25
RATIO
REED
RITE

.----..........-.-....................---..............-....
CORSIS J0MITY ARASIS F11.3.29

SQRT
--....................................---...................

COS STRTSU "

....................................-....................-..
CRMAX MOLEXT CRSFRD F11.3.34

J0MCMK DOTPRD F11.3.35
SQRT
STOP
VECADD
VECNRM

...--....................--.......................... ......
CRMIN HOLMOL CRSPRD F11.3.34

DOTPRD F11.3.35
SQRT
STOP
VECADD
VECNRM

...................--.......................................

CR0S TRACK SQRT F11.3.47
......................--....................................

I CBSPRD CRMAX F11.3.35 /
CRMIN F11.3.36 A'
SRMAX I'11.3.35

* SRMIN F11.3.36
...................--...... ..................... ..........

DATAIN MASTER ARAYIN F11.3.4
AREAD F11.3.5
CLEAR F11.3.6
EXTRA

| FLDATA

|
GROMIN

' IDX1D
10WRT
MIXIT
RDSIAS

;

RDFLOT
RDREF

I RDRST
RDSTRT

i RT
RTARA

I SAVST6
| STOP

! NRTFLT
t
i .............................-- ............................
E

DIFALB FLDATA ALBRD F11.3.18'

L ..............................................................
DOTPRD CRMAX F11.3.35

CRMIN F11.3.36
SRMAX F11.3.35
SRMIN F11.3.36

')............................................................

q-v. .. ., . . . . . . - _ _ ,_,,,
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SUBROUTINE CALLING CALLED FAGE
NAME SUBROUTINE SUBROUTINE NUMBER

DSQRT EDITOR **

KEDIT

| NATE

| FLTEEF
.........._.................................................

DTASBT IONRT N2.2.20
............................................................

EDITOR REDIT DSQRT F11.3.57
............................................................

EXP FREAK **
! ............................................................

EXPRN TRACK M2.2.50
............................................................

EXTRA DATAIN F11.3.7
,

............................................................

FILLSG NSUFG CLEAR F11.3.26
FIL2D F11.3.20
RD
REED
RITE
RT
SGALS
SGWT

............................................................

FIL2D FILLSG RD F11.3.28
............................................................

FIND ANGLES Q F11.3.22
-

............................................................

FINDBX LOCATE F11.3.45
~') ............................................................
,

FISFLX GUIQB JSTIME F11.3.40
LOOPER F11.3.42
NATE F11.3.55
SQRT
STATIS

............................................................

; FITFLK NAS1BR FRTFLX F11.3.58
RD

............................................................

FLDATA DATAIN CLEAR F11.3.8
DIFALB F11.3.17
REED
RGUSED
RITE

.
SORTA
SORTR
NATES

............................................................

FLTRN ALBIN N2.2.60
CMOOSE:

f
NSTART
START

f
START 0i

START 1
STARTS
STRTSU
TRACK

............................................................

9

9
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T
SUBROUTINE CALLING CALLED PAGE )

NAME SUBROUTINE SUBROUTINC NUMBER

FREAD MIXIT M2.2.27
PARAM
RDSIAS
EDORGN
RDFLOT
RDSTRT+

XXIN
...._..............................__._..........._. .......

FREAK MASTER EXP F11.3.4
SQRT F11.3.6

_........ ...............................................__.:

GEOMIN DATAIN CLEAR F11.3.7
KENOG F11.3.11
READGM+

_.......... .._._.. ................... ...__...... ........
GETMUS PRANG F11.3.22
.......__..........._....... ...............................

GETFTR RCNRS M2.2.64

......... .......................... .......................

GOCURS VOLUME NUNTER F11.3.37
..__........................................................

GTISO SORT 3K M2.2.60
START

|i STRTSU
,,

j TRACK .

' p..._..... ........... _...............__ ...................g ,

#
GTVOLS VOLUME F11.3.37
__ ............._............ ................__.............

GUIDE MASTER BANKER F11.3.4
CNRSTR F11.3.5'

- CLEAR F11.3.40
i FISFLx

INDK
IOLEFT
JSTIME
NSTART

, PULL
,

| RD
RDCALC
REED
RESET

,

.i RITE
SQRTp
START'

(j TRACK
WRTCAL.

t ............. __............................................

I 'e MLFWRD ARAYIN F11.3.9;.
<

............................................................3
NOLCMK JOMCNR ADJUST F11.3.34

NOLEXT

| NOLNOL
............................. .....____ ..__ ...............,

NOLE LODARA CLEAR F11.3.31"

SORTA STOP
..................................._................. ......

e

.
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SUBROUTINE CALLING CALLED FAGE
NAME SUBROUTINE SU3 ROUTINE NUMBER

MOLEXT NOLCNK CRMAX F11.3.34
SRMAX
XXLIM

---....................................__.._........... .--.

MOLXOL NOLCMK CRMIN F11.3.34
SRMIN
XENIN
XXMIN

............... . ........... ..............................

MUNTER GOCURS CLEAR F11.3.37
VOLUME NOVE

: ........................_...................._. _ ..........

ICENIX NASTER RDTAFE F11.3.4
F11.3.5,

F11.3.23
.........__..___ ................. .........................

, ICOMPA RTADJ M2.2.37
STARTS

.. ...................... ..................................

IDX1D DATAIN IREAD F11.3.7
* ................................................ ...........

INDX GUIDE F11.3.41
............................................... ............

INITAL NAIN AREAD F11.3.1
QeSOO9 IOLEFT

| JSTIME
i, NESAGE

.. PARAM

-| SCANON.

- ............................................................
.

10 ALBUSE M2.2.39
NAKTAP
NIXMIX
RDALB
RDARA
RDBIAS

: RDCALC
t RDICE
' RDFLOT

RDRST
RDSTRT
RDTAFE
RDWTS
SAVST6

'
WAITIN
WATES
WRTALB

i

1. WRTARA
.

l' WRTCAL
1
'; WRTICE

WRTFLT !

.| WRTRST
WRTNTS

............................................................

IOLEFT GUIDE N2.2.41t.

| INITAL
IOSDUN

; ............................................................

IONUNS Q88009 N2.2.84
............................................................

-

,

I

t
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SUBROUTINE CALLING CALLED PAGE 3,
NAME SUBROUTINE SUBROUTINE NUMBER

IOSDUN JOMITY 10LEFT F11.3.4
MASTER F11.3.5

...... .....................................................

IONRT DATAIM DTASET F11.3.8
............................................................

IREAD ARAYIN M2.2.42
IDX1D
RENOG
MIXIT

*
FARAM

; RDFIAS
. RD50X
a' RDFLOT

RDSTRT*
.

XXIN
............................................................

IXALE LIMLN F11.3.26
'

NSUFG
............................................................

JLL2 MIXER F11.3.194
.

............................................................

J0MCNK J0MITY CRMAX F11.3.30a

NOLCNK F11.3.33
SRMAX
XXLIM

J0MITY MASTER ARALBA F11.3.4
CORSIS F11.3.5,

i IOSDUN F11.3.29
JONCMK (C

*

LOADIT C

PRTJON
VOLUME

............................................................

JSTIME FISFLX M2.2.47
GUIDE
INITAL
KEDIT
MASTER

r .
' MATRIX

START
............................................................

KEDIT MASTER DSQRT F11.3.4
EDITOR F11.3.6
JSTIME F11.3.56
LOOPER
MATRIX
PLTKEF
RNDOUT
SQRT,

| ............................................................

KENOG GBOMIN AREAD F11.3.11
IREAD-

MOVE
'

RCNRS
f RDORON
f XXIN
'

XXINA
; ............................................................

l LABL MATRIX M2.2.48
,

............................................................

f

I
.

., . - . ...g.
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SURROUTINE CALLING CALLED PAGE
NAME SUBROUTINE SUBROUTINE NUMBER
LDWRT TRACK F11.3.47
.......................--.....--............................

LEGEND PRANG F11.3.22
1.........................-------............................

LIMLN NSUPG IXALB F11.3.26
............................................................

LISTQA INITAL M2.2
................................... ........................

LOADIT JOMITY BOXC F11.3.29
LODALS F11.3.31
LODARA
PRTARA
REED

--.....--..................... .............................

LOCATE MESE FINDSX F11.3.39
START LOCBOX F11.3.45

MOVE
POSIT

........................................-...................

LOCBOX LOCATE F11.3.39
F11.3.45

LODARA F11.3.32
SORTA F11.3.17
START F11.3.45
TRACK F11.3.48

............................................................

LODALB LOADIT REED F11.3.32
..............................................._...........

LODARA LOADIT CLEAR F11.3.31
j BOLE

J LOC 30X
f REED

............................................................
,

LODRGC RGUSED F11.3.17
. ..........................................................

LODWTS MASTER CLEAR F11.3.4
PRTWTS F11.3.5

.

i RD F11.3.38
REED

............................................................

LOOPER PISFLZ REED F11.3.55
IC1L IT RITE F11.3.57

............................................................

LREAD MIIIT M2.2.50
....................... ....................................

LSCAN ARASIS F11.3.30
RGUSED F11.3.17

............................................................

| MAIN ALOCAT
i CLOSDA

INITAL>

MASTER
>

............................................................
I

MARANG NIXER CLEAR F11.3.19
PRANG F11.3.21
REED
STOP

............................................................

MARTAP MIXER 10 F1 h 3.19
| REED

SCOOT
,

| ............................................................

I

t

I

I
t

i

|
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'

SUBROUTINE Ct.1 LING CALLED FAGE
NAME SUPROUTINE SUBROUTINE NUMBER

MASTER MAIN CLEAR F11.3.4
QoS009 CORRE

DATAIN
FITFLX
FREAK
GUIDE
ICBMIX
IOSDUM
JOMITY

t JSTIME <

KEDIT
LODNTS
MIXER
NSUFG
OPENDA
FOINT
FRTFLT
STOP
WRTRST

............................................................

MATK FISPLX CLEAR F11.3.55
MATRIX DSQRT F11.3.57

............................................................

MATRIX KEDIT JSTIME F11.3.57
LABL
MATE
SQRT ,

............................................................

MESAGE INITAL M2.2.51 "

! ............................................................

! MESM PRINT CLEAR F11.3.39
LOCATE

............................................................

MGCwRD MIX 2D M2.2.52
............................................................

,

MIXCRS MIXER CLEAR F11.3.19
| STOP
f ............................................................

| MIXER MASTER CLOSDA F11.3.4
JLL2 F11.3.5
MAKANG F11.3.19

i MARTAF
MIXCES

f MIXMIX
OPENDA> .

REED
STOP
XLNTNS

............................................................

? MIXIT DATAIN AREAD F11.3.7
: FREAD F11.3.12
: IRBAD
L LREAD
l RDMIXT

RITE,

STOP
............................................................

i

5
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SUBROUTINE CALLING CALLED PAGE
NAME SUBROUTINE SUBROUTINE NUMBER |

MIXMIX MIXER CMPRS F11.3.19
10 F11.3.20
MIX 1D
MIX 2D
MIX 2M
NNITL
NORM 1D
NORM 2D
PRTMIX

- REED
RITE
SUNSCT

*
----- .... . . . . . . . . - - - - - - __....----....--- _ ....-.---

MIX 1D MIXMIX F11.3.20

p ===- ................--.-_....----.. .--. ___

MIX 2D MIXMIX MGCWRD F11.3.20
r
; ----- ...--.....--..........--..= ......= ............--

MIX 2M MIXMIX F11.3.20
__.......--..--...---------------.....----------- .

NOVE ADJUST M2.2.53
ARAYIN
BANKER
CHKSTR
HUNTER
KENOG

, LOCATE
l NSTART

RDPLOT
RESETr,

U' S
RTARA

,- SAVST6
* SORTBK

START
START 6
TRACK
VOLUME
WATES

_......--...--- - -- __--- .......--

' NNITL MIXMIX CLEAR F11.3.20
RITE

-.. ..-- -- ._ _ .--. ==__ .......-- ..... ---

NORM 1D MIXMIX F11.3.21
----- - - - - = . - - - - - - - - - - - . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . - -

NORM 2D MIXMIX F11.3.21
L -----..--.- = - = = - - - - - . . . - - ---- __ _._______===... --...

|- MSTART GUIDE CLEAR F11.3.40
FLTRN F11.3.42'

,

MOVE F11.3.54
SORTBK

*

. _ _ _ - . ...-- _= ----... _ ___ ...--....
'

NSUPG XASTER FILLSG F11.3.4
IXALB F11.3.5

,

LIMLN F11.3.26
^ OPENDA

I POINT
PRTXS

'g REED
'

, w . RITE
RTADJ

- t STOP
,_

--...--....--.. == .....=== . . - - -- _.....
,

'
i

'

'4 s;

I

I
%

, -- ~ . .

-_._g 4, -7,,,, --p- - y..- q-w- ,,--we v
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|
SUBROUTINE CALLING CALLED PAGE N

NAME SUBROUTINE SUBROUTINE NUMBER '

OPENDA MASTER M2.2.56
MIXER
NSUPG

= = - - - - . . . . - - . . - - . . . - - - - - = = _ _ _ _ _ _ _ _ - - - - - - ==--.-----......

PARAM INITAL AREAD F11. 3.2 -
CLEAR F11.3.3
FREAD
IREAD
RNDIN
RNDOUT
TIMFAC
SREAD

---...... ..... --- _ ...... .--... ...

<
-

DSQRT F11.3.57PLTERF KF7IT
.... .... --. .-~...--....--.............. --..---......

POINT MASTER F11.3.4
MSUPG F11.3.5

- -------....==_ . . . . . . . . . - - - _ _ _ _ _ = = ____.--- ......__ - ==

POSIT LOCATE F11.3.39
F11.3.45

====--- ..= - ===- - .-....---------------.. .--.---.

PRANG MAKANG ANGLES F11.3.22
BADMOM
GETMUS
LEGEND
RD

_ RITE
_=.... .._ -- .... _=.---. .- ..==___ --

PRINT PRTPLT MESN F11.3.39
.,,

. ..._ ----- ___ __.____ .- -. ........=
_

PRTARA LOADIT F11.3.32,

.....--...-- ...-- _ __===.. ______...== -...==_-- .--

PRTFLX FITFLX SQRT F11.3.58
- - - . . - - . - - . . - = = - - - . . . _ . . . --....--.... --.... =..

PRTJ0M J0MITY F11.3.30
.... --.. =.. ... ... ..=_ ....--.

3 PRTLBA ARALBA STOP F11.3.30
4 .._ ==..... ==. __=-- --.. _=... __.... ----- .

i PRTMIX MIXMIX F11.3.20
------.. _ --=...._ - - - .. = = . _ _ ......-- ......--

PRTPLT MASTER PRINT F11.3.4
REED F11.3.5
RELATE F11.3.38
UNTCRS

.= ..__ - .....__ ==. . ---.........--. ............

; PRTNTS LODWTS F11.3.38
, =====--- ......--- ....._ ==.... -- ...---- --....-- .
I PRTXS NSUPG PRT1D F11. 3 . 2'6
j PRT1DS F11.3.27
j PRT2DS
1 REED
-

-----......._ . . .___ ..........---... ------........
~

PRT1D PRTXS M2.2.57
------..... ___ . . . . --=.. ............ ....--

PRT1DS PRTXS F11.3.27
= = - - - ....._ ____--- ...... -- __ .........---. .= - ...

I PRT2DS PRTXS F11.3.27
-____- ......=- --- ... - --.. .--...... ==..

PULL GUIDE F11.3.40
F11.3.42 "f)s.. --.... .....--............--. ... ...__ ......--.....

i

e

...,.7. y y y
-

- - ..
,

. , . . - . . . - . -

,~ ,
- .i ..i-- . . . . . _ .
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..

SUBROUTINE CALLING CALLED PAGE
NAME SUBROUTINE SUBROUTINE NUMBER

Q ANGLES F11.3.22
FIND F11.3.22

. . . . . . . . . - - . . . . . . . . - - - - . . - - .-----------------..----...--

Qe8009 ALOCAT ,

ICLOSDA .

INITAL i

i

IONUNS
NASTER i

|

SETSIN i

i
,

_ ....--. - ....-- -------...---...---...------------

I RATIO CORRE F11.3.25
, .......--......--.------.......--.. ---.. --....--...--.

RCHR5 ARAYIN AREAD F11.3.10
6

KENOG GETPTR F11.3.11'

RDPLOT RCRDLN F11.3.13
RSTPTR
STOP

. . . - - ...- - _ _ . - - - _...---..--... --. -------------.---

RCRDLN RCNRS M2.2.64
...-_-- _=_=._ _= __ ........---... -- .----- _..--_

RD FILL 5G M2.2.15
FIL2D
FITFLX
GUIDE,,

h LODWTS
L PRANG

3GALB
l SGWT

n .......--....__ _.. _. . ....--......- ==. -- .......

4, / RDALB RDRST CLEAR F11.3.15
IO

. RITE
- . . . . - - - _. ____ .---...... . _ _ _ . . . - =.----....

RDARA RDRST IO F11.3.16
RITE;

'
_ _ = - - - - __..- - = . . . . . . . . . . . . . . - - ....--.-

,i RDBIAS DATAIN AREAD F11.3.8
i FREAD F11.3.14
s 101

j IREAD
NAITIN

. . . . . . . . = - - _ . ==_ - _ = - . . . _ = =__ .=-- _ =-----

RDBOX ARAYIN IREAD F11.3.9
- -- __ -- ...-- .....--.......------....------ .=-- =.......

RDCALC GUIDE 10 F11.3.40
. RDGRP F11.3.41

RITE F11.3.43
RNDIN

.

.----.----...- __..- =............-- ... ...... _

T RDGRP RDCALC F11.3.43
1 -_...---.....--....._-.... ....-----...... ......-_.--..

I RDICE RDRST CLEAR F11.3.16
>> IO |i

'

RITE
.. --. ...---...... ---...--.......--...- ......---....

RDMIXT NIXIT F11.3.12
r-
, . . . . . . - - _..---. ...---................. .. ....----...

RDORGN KENOG AREAD F11.3.11
FRRAD

,

i . - - - . . . - - . - _ .........-- .--...........- ......= ..

. . .

,

r-m _ - . _ _ - , - e. -. . _, --
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i

)3
SUBROUTINE CALLING CALLED PAGE i

NAME SUBROUTINE SUBROUTINE NUMBER
RDPLOT DATAIN AREAD F11.3.8

CLEAR F11.3.13
, FREAD
i-

| 10
l. IREAD
! MOVE
'

RCHRS
SQRT

--=_ ........ ------ ........ =====---.....--- = = _

RDREF DATAIN AREAD F11.3.7
.....--.'... ...---....=- ...-.......

i RDRST DATAIN IO F11.3.8
RDALE F11.3.15

,; RDARA .

J RDICE
RDWTS-

RITE
'

._ _.....__ ...................--...........------ =-

8 RDSTRT DATAIN ARRAD F11.3.8
FREAD
IO
IREADe

_ ------ .........=_ _ = _ _ = - = - - _ _ . . . . . . . . . . - =-- =_.

RDTAPE ICEMIX CLEAR F11.3.23
IO
RITE
SQRT
XSEC1D

{: I! XTENDA
>., .:

... ---,.......____ . - - . . . . . . - - . - - _=y
RDWTS 2DRfS IO F11.3.16'| RITE

a =___- - _=..... - - - - - = . . . - - . . . . . . . . . . . .

READGM GBOMIN F11.3.11
,e ......--- -----.........._______=. ....__ - = =. =_ _

I REED CORRE i M2.2.15
.} TILLSG .

j 1F.3ATA
2 GTID3

*

Lt. ADIT '

LCtJLB
LODARA
LODWTS
LOOPER*

MAKANG'
:.

1 MAKTAP
MIXER

[' MIXMIX
| NSUPG
'' PRTPLT

* PRTXS
SGALE
SORTA
START 6

,j WATES

(. WRTALE
. WRTARA

WRTCAL*

WRTICE y

WRTRST /
WRTNTS

. ---- -- . _ = = - - - - - _
- ---- _ . . _ = = = = - - - -

.

P

.. . p e y.. . g- 3m .yw;n - -.ea -~

!
*

. _ . . - -



r
I

+

.

.

!
|

Fil.A.15
1
r |
I

.

!

I SUBROUTINE CALLING CALLED PAGE
NAME SUBROUTINE SUBROUTINE NUMBER

RELATE PRTPLT F11.3.38
......--....--........- .......------......--....=____=_==

RESET GUIDE MOVE F11.3.40
| F11.3.41

- = = = - - _ -.------------ ____=___.-------..................--

RGUSED FLDATA CLEAR F11.3.17
LODRGC
LSCAN

.-- ----... -==...........--.._ =.....--._ .---

RITE ALSUSE M2.2.15
CORRE
FILLSG
FLDATA
GUIDE
LOOPER
MIXIT

; MIXMIX
NNITL
NSUPG ,

PRANG
RDALB
RDARA
RDCALC
RDICE
RDRST

~

RDTAPE
f RDWTS
I RT
1, RTARA
i * SAVST6

WAITIN.
.

WATES*

' WRTPLT
; ====- _-------- ...--- ...... ____===_.. _____ -------_

RWDIM PARAM M2.2.60
; RDCALC
, ..--------= __..=-===-- ...___ ........--..--.--......

l. RNDOUT KEDIT M2.2.60
4 PARAM
'

TRKWRT
WRTCAL

. - ====- =----------------........ _ _ .---.........--.......
.

. RSTPTR RCHMS N2.2.644

i
t ---____ ___====...-- ==-- .. ....._______=_ -........--

RT DATAIN RITE F11.3.6 .

FILLSG F11.3.28
.

.. .- -_... ...--.----.---.----....__ -- --...

RTADJ NSUPG ICOMPA F11.3.25
-----..--.........--................. ............==___===..

1 RTARA DATAIN CLEAR F11.3.7
f MOVE

2ITE
-.....== --- .....-- .... ..........====--- =..--

SAVST6 DATAIN CLEAR F11.3.8
IO
MOVE
RITE
STOP*

-
.---....--====__ ..............--.,-... ... ........--....

a
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Fil.A.16-

SUBROUTINE CALLING CALLED PAGE '

NAME SUBROUTINE SUBROUTINE NUMBER
SCANON INITAL N2.2.64
----------...............--------..........--------.-.......

SCOOT NAKTAP F11.3.19
--................-----.......-----------..........-------..

SETBIN Qe8009 N2.2.64
...............-- ====......====___.........-------.........

SFLRA STRTSU N2.2.60
TRACK,

---.......----. ......-.........- -- ===........----......

SGALB FILLSG RD F11.3.28
I REED
r
- ----...--.----........--.... =-..................-..--...

| SGNT FILLSG RD F11.3.28
; ........---.....----.....---- ....------ ----..---------. --

i SORTA PLDATA CLEAR F11.3.17
i NOLE

LOC 50X
REED
STOP,

............--......................------.......------.....

SORTBK NSTART GTISO F11.3.54
NOVE,

...--......== ===== --------..--......--.------.... .----,

SORTR FLDATA F11.3.17
..;..........- .= . .== ___=.======___........--------

SQRT CNKSTR **

CORSIE
CRNAX

]
'CRNIN

CROS
E

.s
FISFLX
FREAK
GUIDE
KEDIT

. NATRIX
i

PRTFLX
RDFLOT
RDTAPE

[ SRNAX
' SRNIN

STRTSU
TRACK
VOLUME
XRNIN

i XXLIN
i XXNIN .

.= ___...............--..................................

I SRNAX HOLEXT CRSPRD F11.3.34
JONCNK DOTPRD F11.3.35

'

SQRT
P

STOP
'

VECADD
", VECNRN
- ......................... .........---.--..__.....__........

SENIN NOLMOL CRSPRD F11.3.34
DOTPRD F11.3.35
SQRT
STOP
VECADD
VECNRM i

.

--........... ........ -------....--.........---............

, , , .+, y p m , - wi w =4rr- - * - n e ey * 4 ? *-*, - " - - -

_.m .. m..
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SUBROUTINE CALLING CALLED PAGE
NAME SUBROUTIN3 SUBROUTINE NUMBER

START GUIDE CLEAR F11.3.40
FLTRN F11.3.40
GTISO F11.3.44
JSTIME

i LOCATE
l

LOC 80X
MOVE
START 0
START 1
START 2
START 3
START 4
START 5
START 6
STOP
STRTSU
VOLFIS

-. ....-..- ===_ -......--.... --------.....= _=

STARTO START FLTRN F11.3.44
--.....-- ..... == _......-- ___... _.......--------

START 1 START ARSIN F11.3.45
START 2 FLTPN

===__ .....==-- = = = _ _ _ _ _ - - - - - . = - - - - - - = = = . . . . = = = = _ _ _ = . . . . - -

START 2 START START 1 F11.3.45
START 5

...--... - __.--..........- - - - - - __ _.......--....

START 3 START F11.3.45
y -_-- ----.....- _.----- ................ .....--

STARTS START CHOOSE F11.3.45
..... . - ___.............--.__ .. --..--...... --

.

% START 5 START CMOOSE F11.3.45(
!, START 2 FLTRN

___............---.-------.............---...------.....,

START 6 START ICOMPA F11.3.45
'

MOVE
! REED

.....---...........--. -_. == ...... ..........----

I STATIS FISFLX F11.3.56
--..--..... - .----...--..........--...............--...

? STOP ARAYIN M2.2.67
CRMAX.

CRMIN
DATAIN

'

HOLE
MAKANG

'

MASTER
MIXCRS
MIXER

i MIXIT
NSUPG'

'. PRTLBA
j RCuRS
1 SAVST6
*

SORTA
SRMAX
SRMIN
START
NATES

.............--....___ ..--........---...........-- ---..

.

4

F 49

.__-- _ _ _ - - _
- - . . , , , , ._- _ ~n .-. .,
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SUBROUTINE CALLING CALLED PAGE
NAME SUBROUTINE SUBROUTINE NUMBER

STRTSU START ACOS F11.3.44
ASIRN
COS
FLTRN
GTISO
SFLRA

|
SQRT

....................---.. -...... ...---.......-----.....

SUNSCT MIXMIX F11.3.21
.................. ....---.. -- ......--------....----

TIMFAC PARAM M2.2.68
.

..=- . __.........--.- ....--......---------...--- ---

TRACK GUIDE ALBEDO F11.3.40
a ALEIN F11.3.41

ASIRN F11.3.47
CROS
EXPRN
FLTRN
GTISO
LDWRT
LOCBOX
MOVE
SFLRA
SQRT
TRKWRT

.- - __= ==.....=== __ ___..............--...

i TREWRT CNKSTR RNDOUT F11.3.41

L TRACK
L ..--.--.......--..== __=.....---- ... _...............

1 UNTCRS PRTFLT CLEAR F11.3.38
i ~

..........= ..................................--...---....

VECADD CRMAX F11.3.36

) CRMIN
SRE\X
SRMIN*

, ==-- _=..............--...............................

~i VECNRM CRMAX F11.3.36
CRMIN
SRMAX'

SRMIN
.................-_===------- ===.----.........-------....--

VOLFIS START F11.3.44
....... ...--.---.--........--..............................

VOLUME JOMITY ARSIN F11.3.30
CLEAR F11.3.37
GOCURS
GTVOLS
NUNTER
MOVE;;

'

SQRT,s
--...........................T ...........--... --------..

p' WAITIN RD5IAS 10 F11.3.14
1 RITE
1
- .......--.....---..--. ....--........--. ...-----...........

b WATES FLDATA 10 F11.3.18
a
~

MOVE
REED

.

RITE
STOP

|
- . - - - . - - - - . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . - - . . - - . - - . . . . . . - -

4

'

1

|

. . , ,. _ , _ - ..~.. .-.-- ..
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SUBROUTINE CALLING CALLED PAGE
*

NAME SUBROUTINE SUSROUTINC NUMBER
i

WRTAL8 WRTRST 10 F11.3.24 i

REED I
1

__ ._.._..._____...._.._____...___.-__....._ . ..__.......__
)

WRTARA WRTRST IO F11.3.24 i

REED !

.............__..._...___.....__........_......-_...-.......

WRTCAL GUIDE 10 F11.3.40
REED F11.3.42
RNDOUT
WRTGRP

.......................__._....._......_ .-_. _ ............_

WRTGRP WRTCAL F11.3.42
=-- ......_..=_ _....__....___......___......== ..

WRTICE WRTRST IO F11.3.24
REED

.__..... ==._._............___. .....__-.......______..

WRTPLT DATAIN IO F11.3.8
RITE

...__.__.______..........______.... ._-__..___==-- -_.....__

10 F11.3.5WRTRST MASTER *

REED F11.3.24
WRTALE
WRTARA
WRTICE
WRTNTS

--.___. .........__ __.-- _.. ........._ .-_....

WRTNTS WRTRST IO F11.3.24
REED

,

. ..- __. ......__.........__._-.-..-. . ..........___.

XLNTES MIXER F11.3.19
__...... ........=_____-- ._._.._......__........_-......

XRMIN HOLHOL SQRT F11.3.34
........ _.=_ =................ ..-.__ ....-_--_______ ...

XSEC1D RDTAPE F11.3.23
.. ........ ..................- .==- ......--... ....

, XTENDA RDTAPE M2.2.72
.. ..............- .=___ _._______. ............_

|

r XXIN KENOG FREAD F11.3.11
i IREAD

__..... ____-____............................-__-_____..-...

XXINA KENOG F11.3.11
...._.__- ............ ...__._.=__ -- ===___ ...............

XXLIM NOLEXT SQRT F11.3.34
JOMCNK

.--- .-_.......=------ ........._...........- - ====..

XXNIN HOLMOL SQRT ' F11.3.34
_____.....__.-- ====.____..........__. _______-_________..

YREAD ARAYIN M2.2.73
..._-....... . .................__.. ... ._...__. .......__.

i SREAD PARAM M2.2.76
) -.- ...__.__.-_....______. _......__.._ _..............____
,

s

.
4

)

I

!
-

.

|

.m-
*
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APPENDIX B

]
F11.8 ALPHABETICAL INDEX OF COMMONS

'

|

This section lists the labeled common blocks used in KENO V.a and an alphabetical listing of the
subroutines that reference them.

.

^

COMMON COMMON
7 NAME SUBROUTINE NAME SURROUTINE
' AL3 NAM ALBIN DIMEN ARASIE
| ALBRD ARAYIN

ALBU53 BOX
CORRE BOXC
DATAIN CORRE
DIFALB CORSIE
FILLEG DATAIN
FLDATA EDITOR
GUIDE FILLSG
KEDIT FIL2D
LIaLN FIND 8X
LOADIT FI5FLX
MASTER FITFLX
NSUPG FLDATA

| PARAM FREAK
POINT GRONIN

s RDALE GUIDE,

RDREF NOLCNE'

RDRST ICENIX
SGALB INITAL
TRACK JONCHE
NRTALS J0MITY
NRTRST KEDIT

j KENOG
| ANGLE ANGLES LIMLN
) BADMON LOCATE

FIND LOC 30X
GETMUS LODARA
LEGEND LOOPER
PRANG MASTER
Q MATRIX,

| Nest
'

BLKLNC MASTER MIXER
PARAM MIXIT
RDTAPE NSTART

NSUPG
t

i
$

%

Fil.B.1

.. . .. . 7
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Fil.B.2 '

-

COMMON COMMON
NAME SUBROUTINE NAME SUBROUTINE

,

DIMEN(cont'd) PARAM DRTAC5(cont'd) LOOPER
POINT MASTER

l: POSIT MIXER
PRINT MIXIT
PRTJON MMITL
PRTPLT NSUPG
RD3IAS PRANG

RDSOX PRTFLT*

RDCALC RDALB'

I RDGRP RDARA

1 RDICE RDCALC
RDREF RDICE

tj RDRST RDRST
'

RDSTRT RDTAPE
"4 RDTAPE RDWTS

READGM RT
'

RESET RTARA
RGUSED SAVST6
RTARA SGALB
SORTA SGWT
SORTR SORTA
START START 6
STATIS WAITIN
TRACK WATES
VOLFIS WRTALS
VOLUME WRTCAL ..

WRTCAL WRTICE '.

WRTGRP WRTFLT'

WRTICE WRTRST
'

WRTRST WRTWTS
X3EC1D

FINAL EDITOR
i DRTACS ALBUSE FISFLX

] CORRE GUIDE
es DATAIN INITAL

d FILL 5G KEDIT
' FIL2D MASTER

,

FISFLX MATRIX-

}
FITFLX START
FLDATA STATIS*

,

GUIDE TRACK,

ICEMIX LOOPER*

,- INITAL
LOADIT

ii LODARA
f) LODWT5
o

|?
,-

a

ff
,

,

)

... ., . . . . _ . _ _ _ . _ . _ _ . . . _ __. _ _.

,

. , , + .._.s - _ _ _ _ _ _ _ _
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Fil.B.3.

|
|

*
I

l

COMMON COMMON
NAME SURROUTINE NAME SURROUTINE
LIFETM EDITOR LOGIC (coat'd) PARAM

FISFLX POINT
'

GUIDE POSIT
KEDIT PRTJON.

MASTER PRTFLT
ROCALC PRTXS
STATIS RATIO
TRACK RDEZA5

U WRTCAL RDEOX
; RDCALC

LOGIC ALERD RDGRP
ARASIS RDREF
ARAYIN RDRST
CNK5TR RDTAPE
CORRE READGM
CORSIE RESET
DATAIN RTARA
EDITOR SORTA
FILL 5G 50RTR
FIL2D START
FISFLX STATIS
FITFLX TRACK
FLDATA VOLFIS

~'

.-T GUIDR VOLUME,
' V IC3 MIX WATES

IDX1D WRTCAL
INITAL WRTGRP
JOMcHE
JOMITY LPNT MASTER
KEDIT START 6,

*
KENOG
LIMLN MATRX FLDATA

* LOCATE MATRIX
'

LOOPER NSUPG
MASTER RESET;;
MATRIX SORTA
MISH TRACK
MIXER PARAM
NSUPG POINT

.

4

%

,. . - ..r o

-
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Fil.B.4

.

~

F

COMMON CCNNON
NAME SUBROUTINE JANE SUBROUTINE

NUTRON ALBIN STDATA CNKSTR
CNKSTR DATAIN
CMOOSE RDRST
CROS RDSTRT
FIND 5X START
FLDATA STAPTO
GUIDE START 1
LOCATE START 2
NESE START 3
MSTART START 4
RESET START 5
START STARTE
STARTO YOLFIS
START 1 WRTRST
START 2 .

START 3 TITL ARASIS
START 4 CORSIS
START 5 DATAIM
START 6 EDITOR
STRTSU FITFLX
TRACK FREAK
TREWRT GRONIN

GUIDE
PICT MESE NOLCNK

PRINT NOLEXT r
"PRTFLT NOLMOL -

RDFLOT ICENIX
RELATE INITAL

JONCNK
POINTR DATAIN KEDIT

FILLSG KENOG
ICENIX NASTER
JONITT NATRIX
KEDIT NSUPG

( LOADIT PARAN
NASTER POINT
NSUPG PRTJON
POINT PRTLBA
RDCALC PRTNIX
WRTCAL PRTPLT

PRTWTS
RUNTTP DATAIN PRTXS

INITAL RD50X
MAIN RDPLOT
PARAN RDTAPE
QoS009 READGM

TRACK
VOLUME

i

_. _. _ . . , . ._ . _ . . . . . .....
.

.
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Fl1.B.5

.

CONMON COMMON
MANE SUBROUTINE NAME SU3 ROUTINE
UNIT ALBIN UNIT (cont'd) PARAM

ALBRD POINT
ALBUSE POSIT
ANGLES PRANG
ARASIE PRINT
ARAYIN PRTARA
BOX PRTFLX
CNESTR PRTJON,,

CORRE PRTLBA
CORSIE PRTFLT
CROS PRTXS
DATAIN 0e8009
DIFALB RATIO
EDITOR RDALB
FILL 3G RDSIAS
FIL2D RDBOX
FIND RDCALC
FI5FLX RDGRP
FITFLX RDICE
FLDATA RDPLOT
FREAK RDREF
GROMIN RDRST
GETNU5 RDSTRT
GUIDE RDTAPE
ICENIX RDWTS
IDX1D RBADGN

' ' . , INDX RT
/ INITAL RTARA

JONCNK SAVST6.

JONITY SGALB
KEDIT SGWT
KENOG SORTA
LDWRT SORTR
LINLM START
LOADIT START 2i

LODARA START 6
LODWT5 STATIS

'

LOOPER STRTSU
NAIN TRACK
NAKANG TRKWRT
NAKTAP VOLFIS'
NA8TER VOLUME
NATE WAITIN

*

, NATRIX WATES
MIXER WRTALB
MIXIT WRTCAL
MIXMIX WRTGRP

~

NNITL WRTICE
WSTART WRTRST
NSUPG WRTWTS,

.

*
,;

a 5 y@*PW '
.

__
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APPENDIX C

! Fil.C KENO-V INPUT SUMMARY

This appendix consists of a summary of the KENO V input data requirements.
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! Tabic Fil.C.I. Summary of parameter data

TITES The title must be eatered first set colummet See Sectica Fig.4.3

FASAaBSTSSS Formata BSAD Panam eater parameter data bere EMD PASAAI
af parameters are entered, they must follow the estle. See Sectsons rst.4.3, res.s.3 and Fat.s.a.

Eg7 879. DSFluttTOc ERY J f9, 98FINITIOlf FE U fD. D8FINITION EsY 870. OsFINITIOes

t pseD= gavea reados number 355= TSS esecute problem IEEma 30 0 metria by hole ESC = 44 mised usecs

Tas- 30.mia esecuttom tsmetatal FLI. ISO fluses CEM= 80 0 cofactor k by hole ALS= 79 albedo'

TSA. 8. Sala batch tSee detal FDel. 81 0 fission densities FRIE = IBO fles, prod. by hele WT8= $$ weights

arrA= 0.5 average we8ght ADJs #* edjelat calculatica MWLa 31 0 ImLE at highest level L1s= 0 working usecs ]
WT5= 3.9 wt. for splittsag AME= 88 0 e!! misture asecs IIEA= Is0 metras by array SET = 16 scratch I

D
WTL= t/NTE Bussian poulette we EAP= 31 0 spec eagles 8 probe. CEA= 80 0 cofactor k by arrey 387 S read restert DJ

Gass = 103 ase. et generatsees ESt= 31 0 1-D asecs FRA= IBO fles. prob. by array NSS= 8 write restart

espG= 384 Isa. per goaerettem X83= 3I0 3-D asoce MAL = NO IIEA et htgest level

NSE. 3 generations etapped PEI= MO flossoa spectrum PLT = TBS printer plots tracks

BBS= 0 gens. between restart FID= Is0 estra t-B asecs SUG= $10 debug ytist

ases. Gesse25 sentros beak positions FAS= Is0 #8ss 6 abs. TBE= MO print mestros tracks

Esse. O estra beat entries Mare tuo metras by location Pwf= MO print avg. weight

urs= upG fiss10m beak pos&tions CEP= MO catector k by loc. PGala NO unprocessed geometry

EFS= 9 estre beak astries FIBF= NO fiss. pree, by loc. 850= ISO self-multiplicat!On
,

ISD. O Mo. et estra t-D's anEU. 31 0 metras by salt IIUB= 38 0 neutrons por fission

LasG= 4000000 words of storage CEU= MO cofactor k by mast FAX = no albedo-asec array

BSG= 1 restert at this gem. FIIU= IBO 88ss. prod. by matt

usS= 200 blocks for d.e. mast

NL8= 789 length of 4.e. block
-

.

% * e

W

4

-

.
y
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Table Fil.C.2. Summary of array data

AntAT Formats DBAD ARA &Y array parameters data type orientation date bud ARRAY
S.. S.ctions Fii.s.s. Fii.s.s and Fu .s.7 ,

Depeat the sequence ASRAW FARAMSTBBS DATA TTFE OSISWTATI0el DATA for each array used la the problem.

AsaAY FAmausTsas RAlu m*

_ESTuotD DEFAULT DEFINITION FALL
LOOP*

ASA= 1 No. definlag the array
McE= 1 No. of salts la I directica

< uuY= 1 No. of masts in Y directica
1 MUE= 1 No. of malts la 5 direction

7 j GSL= masara The global, salverse or
4 overall array aumber**

^} Con = noas della comment della
1 optional comment is a

mastmum of $33 characters.'
,

** Can be defaulted by the code. If specified.
At need be entered only once per problem.

OmisuTATION DJA L OSIBuTATION DATA POR LOOP
sator mask numbers o Ame every position ta the array. Bater the malt number and aime numbers that defame the
when entering data utilastag the options in this table. the count posattoates of that unit. Data for each of these tem entries
field and option field must he adjacent alth no imbedded blanks. are sepeated until every position la the array has been defined.
The operaad fleid may be seperated from the option field by one or Data for an array is terstaated by eatering SMS LOOF.
more blaahs. Fall data for an array ends utth bud FILL.

SMTsa DATA In Tus POeus

*T1
"COUu? OFTIOd OPERAND DATA "

FIELD FISLD FisLD CoeuBENTS iMTRY CoeussuTS'

b
j stores j at the current posittoa in the array LTTFE The unit or hos type. LTYPS must he greater than 4. ba

a a j stores j in the most a positions la the array III Starttag posittoa la the E direction. IIS must be at
1 e j stores 3 in the most 1 pos8tions la the array least 1 and no larger thei. the value entered for MUE.

,

1 g j stores j in the most a positions &a the array 132 Bading position la the I direction. II2 must be
F j IS11e rematador of the array with malt No. j at least I and no larger than the value of ague.

,

| starting with the current array positioe INCE The number of malts by which increments are
A 3 sets the current posittoa la the array to j made la the I direction.

,

1 S tacremsats current position in the array by i ITS The startlag posittoa ta the T direction. IY1 must be
allows shipping a positions. The value of 1 et least 1 and less them the value entered for uuT.
may be positive or negative. IY2 Bading position to the T direction. IT2 must be

1 0 j repeats the previous j entries 1 times. The at least I ame no larger than the value of uvT.
default value of 1 is 1. INCY The number of matte by which lacrements are made

1 m j repeats the previous j entries 1 times. Sa the positive T direction.
taverting the sequence each time. The default IES Starting position la the 5 direction. 151 must be
value of 1 is 1. at least 1 and no larger than WWE.

1 m j Startlag with the entry at -1 from the carrent la the positive T direction.
position, store entries la taverse order until IE2 Bading position la the 3 direction. 182 must be
position -tiejl is reached. Default watee of 1=1. at least I and no larger than NUS.

,

1 F j atternately stores j and -j la the aest 1 INCE The number of malts by which increments are made
positions of the array. Sa the positive 5 direction.

1 1 j k provides 1 entries linearly taterpolated
between j and k, and the end potate ti.e. a
total of 1,2 potats.t j and k must be ;

separated by at least one blank.
T term 8 mates the data reading for the array.

,

I

.

9
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Table Fil.C.3. Summary of biasing data j
.

i

SIAS Formats SSAD BIAS keyword correlation data ausiliary SND SIAS4

av.ighting s S.ctions ris.o.: and r n.s.e

BBYvote DescaIPTION MATsa!AL ID BNe8GT GROUPS TEICRMSSS/INCBBMENT

ID= COBBBLATION DATA util be read aest. concrete 301 16, 27, 123 5 cm

ad motorial ID. Bater from table at right. parsffin tot 16, 27, 123 3 cm
to use weighting date from the library. water Set 16, 27, 123, 210 3 em

abga beglanlag bias ID graphite 6100 16, 27, 123 as cm
9

lead ending bias ID 4
=

M

1

WTa AUSILIARY DATA w!!! be read aest.
{

- WTS= ?.?I 174%Y DATA will be read most.
vttitt material title
le material ID.
asets number of sets of group structures
BBPEAT TMEINC, NUNINC, MGPWT, WTATG 585T8 TINSS

- thtiac thickness per tacrement
I nomise number of Sacrements

agput number of energy groups for this set of wts
wtavg enter munisce agput values of stavg.'

For COR88*.ATION DATA, the Materte! ID is chosea from material ID coluna above Ethe keyword is ID=).
For DUEILIAST DATA, the material ID is chosen by the user and the keyword is NT= or WT3=.

Beginatag and ending bias ID's are defamed by the user. The geometry specificattom that has the
bias ID equal to the beginalog bias ID utilises the ut avg's from the first laterval of material ID.

<
.

. .-

.)
\s

.

' - ' '
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Table Fil.C.4. Summary of boundary Condition data

SEDS Formate DEAD BNDS face code albedo maae BMD BUDS
1 (albedo or See Section Fil.4.7
Y boendary

condittoast The sequence FACE CODE ALBEDO NANS la entered as many times as necessary to defame the appropriate
3

albedo boundary conditions. The default for all faces is vacuum.

FACS CODSS FOR BMTESING SOUNDARY 4ALBSDOS CONDITIONS.

FACB FACE FACE FACE
CODE DSFlu! TION CODE DEFlu1 TION CODE DSFINITION CODS DSFINITION

+ES= positive I face XFC= both I faces *TE. positive I and Y faces 48T= positive Y and 8 faces
638 positive X face YFC* both T faces SET = positive I and Y faces -IY= negative I and Y faces
-ES= negative I face SPC= both 5 faces 4TE= positive E and Y faces -ES= negative I and I faret
eTB. positive Y tace *FC= all positive faces $58= positive I and 5 faces -TE= negative Y and 8 faces
4TB= positive Y face SFC= all positive faces eBE= positive I and 8 faces YEF= all E and Y faces
-T3= negative Y face -FC= all negative faces SES= positive I and 5 faces SEF= all I and 8 faces
+13 positive 8 face ITF= all X and Y faces SSE. positive X and 3 faces STF= a!! Y and 8 faces
assa positive 5 face RSF= all E and 3 faces +TE= positive T and 8 faces -YE= negative E and Y faces
-ta= negative 8 face TEF= all Y and 5 faces *ST= positive Y and 8 faces -8E= negative I and E faces
ALL= all 6 faces *IT* Positive E 884 Y faces STE= posittve T and 3 faces -ST= negative Y and 8 faces

*f!
==

; . " " .

b
ALBSDO MANSS AVAILABLE 05 TMS EBuO V ALSEDO LIBSARY, FOR USB MITN TuS FACE CODES SA

ALBBDO ALSSDO ALSEDO
MAus DESCRIPTION MAus DSSCRIPTION MANS DBScaIPTION

DFSu20 l2 &ach double PS water CONC-4 4 inch concrete differential VACggu vacuum condition
4 - DPOu20 differentist albedo with COut albedo with 4 tacadent VOID

DPS 4 lacident angles COWC4 angles YACg
,

DFO VAC
COuc-8 8 tack concrete differeattal

m2O 12 Sach water differeattet CONS albedo with 4 lacident SPECULAR mirror taage reflectica,

WATER albedo with 4 incident CONCS angles BIR80s'

angles utRR
SPSC

j PARAFFIN 12 lach paraffin differen- CONC-12 12 lack concrete differential SPE
PASA tial albedo with 4 lacident COul2 albedo with 4 !acadest MIR
WAE angles CONCl2 angles

t CARBOM 388 ca. Carbon differeatta! CONC-16 16 lach concrete differential PERIODIC periodic boundary condition
GSAPMITE albedo with 4 lacident angles COM16 albedo with 4 !acident Psat

1 C CONC 16 angles Psa
'

BTNTLaus 12 !ach polyethylene CONC-24 24 tack concrete differeatta!
POLY differential albedo with COu24 albede with 4 !acident
Cu2 4 !acident angles CONC 24 angles

!
,

1

)
|

l
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Table FII.C.5. Summary of geometry data

GSOIIETRY Pormats READ GEOII eater geometry regica data here 388D GBolt
t er.gloal S Sectione ris. ... ris.s.i.a. ris.s.s .ad rii.s.
.

GBOIBSTRY BEGICII DArA consists of StuPLE GeoissTRY SEGIOII DATA and BETENDED GROIESTRY 35G3018 DATA.

BIRTRA G80185TRY REGIOtt DATA In TMS FOLLOutuG FOasis
,

! OPTICIBAL GLOSAL SPECIFICATION
UNIT a
OPTICISAL GROIssTRY COEutsIIT
SIIIPLE GSOISETRY DEGIDII DATA

and/or
EXTRIIDBD GROISETRY REGICII DATA

i

3 = o e o o e e o e o e o e o e e o e e o e e o e e o e o
e

allTER SIIEPLE GBOIBETRY RSGION DATA IN TBS FOLLOIIIIIG FORIII

i GLOBAL Bater only to specify this unit as the global salt.
, ' l Unit a

j Cogs-delim comment delin This optional comment can be up to i32 characters.
; It me.st begia and end with a do!!stter.
! igeon mis no. bias ID dimensions optional origia data GORIGal coordtaatsel optional chord data (CMORD)

'r1
Sater as many geometry description specifications as necessary to describe the unit and as many [
units as necessary to describe the system. -

b
OSIIRPLE G50085TRY 38GIOII IMPI'? DATA geg'JingsgatTS

4

' ; TYPE OF TYPE i TYPE 2 TYPE 3 TYPE e TYPE s tvPM s
! DATA DATA DATA DATA DATA DATA DATA
a

4>

4

i igeon Spumas ECYLIuDan YCYLIuDan CYLIuDan Cuss CunOID
' mem!Spusas ExamICYL*Y YuamICYLtX SculuDan

NSat!SPMS3S*X ENSmICYL-Y YMBa8ICYL-E SMRIBICYL+E
usIIISPusas-E EMBIIICYLtB YERIIICYL* 8 SMSIBICYL-E,

MEIIISPusBE+Y EMEIBICYL-8 YNSIt!CYL-S SMSHICYL4Y
MSIIISpusas-Y SERIIICYL-Y
MSHISPNSBEtB
NRIIIS PM558-8

*
dimensions R tradiust B *II -M B + M -Il R +Il -18 * E -I * E -I + Y -Y + 8 -8

optional ,sater the Rater the Bater the sater the omit omit
origia 'I Y S coord. Y 8 coord. I E coord. E Y coord.
coord. of origin of center- of center- of center-

line line line
J

optional Bater the Bater the Batar the Bater the omit omit
chord diet. to dist. to diet, to dist. to
data ** plane plane plane plane -

** Chord data is not applicable for SPasas ECYLIuDea YCYLIIsDas CYLINDam or SCYLINDam

.

%,
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Table Fil.C.5 (conti.iued)

GsousTRY BMTBS BETSIIDSD GSONSTRY DATA IN TME FOLLOWIIIG Foam
troglost
scoat.D

igeon ref. ID bias ID thickness per region origia coordtaates areg

WITEMDSD GBOISSTBT REGIDII IMPUT DATA BBQUIRENSMTs
TYPE OF TYPB 1 TTpt 2 TYPE 3
DATA DATA DATA DATA

igene ABRAY NOLS BSPLICATE
COSE SSFLBCTOR

arlComesDT
CCOassuDs

CORE 800a|

ref. ED array no. emplaced misture 30.
unit la generated

aunoer regionsj
i

bias ID omit for ASSAT emit first bias ID
]

thick.treg. ooit omit variable **

origia Bater the Bater the omat
coord. E Y E coord. I T S coord

of most seg. of origia
pt. of array

.

areg emit omit neo. of regions
to be generated

e

**The number of dimensions to be entered is the same as the
region precedtag the replicate or reflector specification
because the generated regions have that shape. The valme
of the dansastoms is the thickness of each generated region
of materlat on that surface.

.'
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Table Fil.C.6. Summary of mixing table, data

MIITUBas Formate BSAD MIET ssec parameters mistag table BND MIIT
This date is entered only if an AmrE worktag format ISbrary
is belag used. ILIB=3 in the parameter date. Do not enter

; ... ..ction. . l.ibrary is used.af an ICs mised (IScal in the parameter date.
. . . an. . ....

f EssC FABAmsTsms coastste,of keywords and associated values.:
- These parameters. Af entered, need be entered

oaty once.

.

*T!
4 "
g ESTuoma DSFAULT DEFINITICII ~
'

h'
SCT= 1 No. of discrete scattertag eagles, ao

0 is isotropic
1 is Fl
2 is F3
3 is P5

Bes. .00003 Cross section message cutoff value.
' j Use to suppress message No. E5-60

i

F

MIIING TASLE DATA consists of til a keyword and misture ID for the misture
The keyword is MIE=
The desired misture number follows the

i keyword.
1 (2) auclide Idee

434 aumber doamity**
** the sequence tal 638 as repeated

, for each nuclide la the misture.,

BarSAT the sequence 413 tan's ISB's until
all the mastures have boom described.

1

e

a G .-

--_
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Table Fil.C.7. Summary of plot data

PLOT Formate READ PLOT plot pasameters BaID PLOT
plot parameters must be entered for each plot that is to be made.
See SectSons Fil.4.tl and Ftt.5.9

EstuORD Dar& ULT DSFINITIOII ERYWOa0 DEFAULT DEFINITIOII
TTL= prob. della pt&t! delle A one character UAI= prew. plot X componest of direction costae for the

title de18 miter signals the beglaatag and 0 IF VAX On AX auls of the plot tecrosel
and of the title. WAE is read

'
ptatt to the plot title. VAI= prov. Plot T component of directica costae for the

RIC= m&T Type of pictures MIETURE, UNIT blO. O IF UAE OR AE asis of the plot Escroset
or SIAS ID N0. NAE is read

WAI= prew. plot 5 component of direct &oa costas for the
MIITUaS ------- MAT 4 IF UAE OR AE amis of the plot factosel

IIII VAX is read
IIIIT BDela prov. plot I component of direction costae for the
MIETURS S IF VDal 08 Bel eats of the plot Edoval
IISDI NDII Se read

- IISDIA VDN= prov. Plot T component of directica costae for the
* 4 IF UDOI OR Del asis of the plot Edoval
*

UIIIT IIO. - BOE WDel is read
DOIT WDII= prov. Plot 5 component of direction costas for the g
SOETTPS S IF UDel OR Dal sais of the plot teowa) -

"Derr VDel as read
BeIIT DLE= borisostal speclag between pelats on plot h
UNITTTPS DLD= vertical speclag between potate on plot M>

IIAI= mo. of latervals to be praated across page
BIAS ID 1s0. -- - INP IIDele no. of latervals to be priated down page

BIAS LPI= 8 lines per Sach printed down the page
SIASID IICN= C55800 della CMa8 della e one character
WTS delimiter signets the beglanlag and end3

usIG of the character string.
WSIGIITS SUII= VBS TBS sitows the problem to esecute
IIGT 50 terminates prohlen after data checklag
IIGTS PLT = TBS TBS allows the plettet to be made

IsL= prov. plot I coord. of upper left corner of plot 300 allows readtag the plot data witboat
WUL= prov. plot T coord. of upper left corner of plot making a plot.
BUL= prov. plot 5 coord. of upper left corner of plot
ELa= prov. plot I coord, of lower right corner of plot
TLa= prov. plot T coord. of lower right corner of plot
sta= prov plot I coord. of lower right corner of plot
PLOT ORIGIIIs ** default valaes of Csas are given below.

e t t SIaIGLE UIIIT-coincides with orsgin of geometry BSDIA 0 1 234 5 6 7 8 9 le 18 12 13 14 15 16 17 18 19 20 21 22
description. Casas 123456789 A B C D E F G N I J K L M

saa sams AmaAT-at the most negative posat of the array, sesDIA 23 24 25 26 27 28 29 38 31 32 33 34 35 36 37 34 39 40 49 42
41 ewer left-hand back corner of the glonen arrays. CMas u O P Q R S T U T w I T S e, 3 - + B e

436 asFLacts0 ABRAT. cosocides with the ortgla of the NSDIA 41 44 45 46 47 48 49 50 51 52 53 54 55 56 57 50
Coas or AmaAT description of the global array. Cua8 6 > a s . . 3 e * = I 4 g < / e

.
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Table Fil.C.8. Summary of starting data

STAaT Formate BSAD START enter start data here END Staa?
The default value et start type as sero.

8 See Section F11.4.0

a

START 3008IB80 OPTI0stAL STASTING STAat 880u3a59 OPTIONAL STAmTING'

TYPS DATA DATA DISTBIBUTIOel TYPS DATA DATA DISTBIBUTION SSTNoap DSFAULT DEFINITION

! 9 - MST unifor. > NST S ,8 .pite -NST= . . tart tT-
385 TFE PSP TFE= 8.8 I coordtaate
ESP TFT TFT= 8.8 Y coordtaate
185 TPS TFS= 0.8 8 coordinate
VSP NES NES= 8 I !ades of unit pos. -

885 NTS NTS= 4 Y andes of unit pos. *f1
SSF NSS MSS = 'S S tedes of unit pos. C
BFL SFS= f4selos spectre *

PSP S NST SFS multiple LaBO= 8 number of last asutronj ,

TFE PSP spikes NSE= 8 source unit number oj
T TFT PCT = 0 fraction

i NST ESN costae TPS ESN= -3 -I of source cubold
ESP WSE ESP = *E +3 of source cubold
TSN TSN= -Y -T of source cubold.

VSP TSP = *T +T of source cubold
885 5 MST PSP Sa specitted $85= -8 -8 of source cubold
ssp IssE units SSpa +8 +9 of source cubold
SFL BFL= NG start la reflector
P8p 6 NST NES arbitrary PS6= N0 print start 6 tapet

TFE NTS potats PSF = N0 print starttag points

2 IBST ISM costae with TFT NES
NES ISP fractica la TPS EFS*

NTS TSN apocatted IJBU+ PS6
MSS TSP unit PSP
FCT 885

SSF
SFL
PSP

*LIBU aust be the last entry for each set of
i
' start 6 data. The LNU of each successive

,

i
s.t of ta .ust - i.re.r th.a ti,. se.t.

I

:

|
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APPENDEX D

Fil.D SAMPLE PROBLEMS

This section contains sample problems to demonstrate some of the options available in KENO V.
All the options of KENO IV except generalized geometry and the search capability are available in
KENO V. A brief problem description and the ===ar,=ted card input data are included for each sam-
pie problem. Different options may be easily activated by mainng changes in the data. These problems
are set up using the nuclide identifiers from the Hansen-Roach 16-group AMPX working format library
which is specified on Unit 41 of the job control language. The auchde identifiers for this titrary are
listed in Table Fil.D.1 at the end of this section. 'Ilie unit number is defined by the parameter LIB- in ;

the parameter data.

.

SAMPLE PROBLEM i 2C8 BARE

This is a simpic 2x2x2 array of uranium metal cylinders as described in the article, " Critical Three-
Dimensional Arrays of U(93.2) Metal Cylinders,'' by J. T. Thomas. This critical experiment is desig-
nated in Table II of that article as cylinder index 11 and reflector index 1. Figure Fil.D.1 shows the
critical experiment.

,

CARD INPUT
! SAMPLE PROBLEM 1 CASE 2C8 BARE

READ PARAMETERS TME-3.0 FLX-YES FDN .YES FAR=YES LIB-41 END PARAMETERS
READ MIXT SCT=1 MIX-192500 4.48006-2 92800 2.6578-3 92400 4.827 4

^

92600 9.57-5 END MIXT
READ GEOMETRY
CYLINDER I 1 5.748 5.3825 -5.3825

. CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
! END GEOMETRY
i READ ARRAY NUX-2 NUY-2 NUZ-2 END ARRAY

END DATA.,

SAMPLE PROBLEM 2 CASE 2C8 BARE WITH 8 UNIT TYPES MATRIX CALCULATION

This problem is the same as sample problem I except it is set up as a mixed box problem with each
unit of the array defined as a different unit type. Matrix k-effectives will be calculated for this problem
by both unit type and array position. The print flags are set to print all matrix data.

,
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CARD INPUT -

SAMPLE PROBL.EM 2 2C8 BARE WITH 8 Ut.u "YPES MATRIX CALCULATION
READ PARAM TME=3.0 LIB-41 FLX-YES FDN-YES
MKU-YES FMU-YES MKP=YES FMP=YES
END PARAM READ GEOMETRY UNIT 1
CYLINDER I 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
UNIT 2
CYLINDER 1 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
UNIT 3 CYLINDER I 15.748 5.3825 -5.3825 CUBOID 016.87-6.876.87
-6.87 6.505 -6.505
BOX TYPE 4 CYLINDER 1 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
BOX TYPE 5
CYLINDER I 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
UNIT 6
CYLINDER I I 5.748 5.3825 -5.3825 CUBOID 0 1 6.87 -6.87 6.87 -6.87
6.505 -6.505 UNIT 7 CYLINDER I 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
UNIT 8
CYLINDER I 1 5.748 5.3825 -5.3825 .

CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505 END GEOM
READ MIXT SCT-1 MIX-192500 4.48006-2 92800 2.6578-3 92400 4.827-4 h'
92600 9.57 5 END MIXT
READ ARRAY NUX-2 NUY-2 NUZ-2 LOOP 10*13*2 7'l 31112 21
111 422122111I 56'1221 6221111221
7 II1221221 8221221221 END ARRAY
END DATA

- .

SAMPLE PROBLEM 3 2C8 15.24 CM PARAFFIN REFL

A 2x2x2 array of uranium metal cylinders is reflected by 6 in. of paraffin on all faces. This criti-
8cal experiment is designated as cylinder index 11 and reflector index 5 ic Table II of Ref.1. Figure

Fil.D.2 shows half of the critical expenment, which consisted of the half shown and the mirror image
of it. These two assemblies were moved together to achieve criticality. The top reflector is missing in
Fig. Fil.D.2 but was present when criticality was achieved.

|
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CARD INPUT

SAMPLE PROBLEM 3 2C8 15.24 CM PARAFFIN REFL
READ PARAM LIB-41 FLX-YES FDN-YES TME-10.0 PWT-YES END PARAM'

READ ARRAY NUX-2 NUY-2 NUZ-2 END ARRAY
READ MIX SCT-1 MIX-192*.00 4.48006-2 92800 2.6578-3 92400 4.827-4
't2600 9.57-5 MIX-2 11018.2581-2 6100 3.9702-2 END MIXT.

READ GEOM
i CYLINDER 1 1 5.748 5.3825 -5.3825
! CUBOID 0 1 11.74 -11.74 11.74 -11.74 11.375 -11.375

| CORE O I -23.48 -23.48 -22.75
! CUBOID 2 2 26.48 -26.48 26.48 -26.48 25.75 -25.75

CUBOID 2 3 29.48 -29.48 29.48 29.48 28.75 -28.75
CUBOID 2 4 32.48 -32.48 32.48 -32.48 31.75 -31.75 i

'

CUBOID 2 5 35.48 -35.48 35.48 -35.48 34.75 -34.75
CUBOID 2 6 38.72 -38.72 38.72 -38.72 37.99 -37.99
END GEOM
READ BIAS ID-400 2 6 END BIAS END DATA

<

SAMPLE PROBLEM 4 2C815.24 CM PARAFFIN REFL AUTOMATIC REFL
i
i This problem is the same as sample problem 3 except it is set up using the automatic reflector
| option instead of describing the reflector manually.

4

CARD INPUT

j SAMPLE PROBLEM 4 2C815.24 CM PARAFFIN REFL AUTOMATIC REFL
READ PARAM TME-10.0 PWT-YES LIB-41 FLX-YES FDN-YES END PARAM'

1 READ GEOMETRY CYLINDER I 1 5.748 5.3825 -5.3825
| CUBOID 0 1 11.74 11.74 11.74 -11.74 11.375 11.375
i CORE O I -23.48 -23.48 -22.75
l REFLECTOR 226*3.05
j REFLECTOR 276*.241
j END GEOM
i READ MIXT MIX-t 92500 4.48006-2 92800 2.6578-3 92400 4.827-4

| 92600 9.57-5 MIX-2 11018.25812 6100 3.9702-2 SCT.I END MIXT
1 READ ARRA NUX-2 NUY-2 NUZ-2 END ARRAY

READ BIAS ID-400 2 7 END BIAS L

END DATA
\

-

SAMPLE PROBLEM 5 2C812 INCH PARAFFIN ALBEDO REFLECTOR

This problem is the same as sample problems 3 and 4 except the reflector is represented by a 12.ia.

; paraffin albedo. Note the decrease in execution time when using an albedo reflector instead of doing
; actual tracking. Note also that k effective is somewhat higher for this system, probably due to the small

edge sias of the system.2'

i

! !
i
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'
CARD INPUT

SAMPLE PROBLEM S 2C812 INCH PARAFFIN ALBEDO REFLECTOR
READ PARA
FLX-YES FAR-YES FDN-YES TME-5.0 LIB-41 END PARA
READ ARRAY NUX-2 NUY-2 NUZ-2 END ARRAY
READ MIXT SCT-1 MIX-192500 4.48006-2 92800 2.6578-3 92400 4.827-4
92600 9.57 5 END MIXT
READ BOUNDS ALL-PARAFFIN END BOUNDS
READ GEOM CYLINDER 1 1 5.748 5.3825 -5.3825
CUBOID 01 11.74 -11.7411.74 -11.7411.375 -l1.375 END GEOM i

,

END DATA

.

SAMPLE PROBLEM 6 ONE 2C8 UNIT (SINGLE UNIT)

One of the 2C units is described and run u a single-unit problem, and its k-effective is calculated..

-

CARD INPUT

SAMPLE PROBLEM 6 ONE 2C8 UNIT (SINGLE UNIT)
READ PARA LIB-41 FLX-YES FDN-YES FAR-YES TME-3.0 END PARA
READ MIXT SCT-1 MIX-1 92600 9.57 5 92400 4.827-4 92800 2.6578-3

[ 92500 4.48006-2 END MIXT e

READ GEOMETRY CYLINDER I I 5.748 5.3825 -5.3825 '.E-
'

END GEOMETRY END DATA

SAMPLE PROBLEM 7 BARE 2C8 USING SPECULAR REFLECTION ' , -

One of the 2C8 units' is described and the 2x2x2 array is simulated by using specular reflection on
the positive x, y and z faces of the unit. This is a simulation of sample problem 1.

CARD INPUT

[ SAMPLE PROBLEM 7 BARE 2C8 USING SPECULAR REFLECTION.

READ PARA LIB-41 FLX-YES FDN=YES FAR=YES TME-3.0 END PARAMETERS
I READ MIX SCT.I MIX-I 92800 2.6578 3 92500 4.48006-2 92600 9.57 5

92400 4.827 4 END MIX3

k READ GEOM CYLINDER 1 1 5.748 5.3825 -5.3825
V CUBOID 0 1 6.87 6.87 6.87 -6.87 6.505 6.505
? END GEOM

READ ARRAY END ARRAY
,

READ BOUNDS +FC-SPECULAR END BOUNDS END DATA

|
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SAMPLE PROBLEM 8 INFINITELY LONG CYLINDER FROM 2C8 UNIT

The fuel and cylli; der radius from sample problem I is used. The length of the cylinder is arbitrarily
chosen to be 20 cr.s and the unit is specularly reflected on the top and bottom to create an
infinitely long cylinder.

'
;

\ ) ' ' ' . ,
g .

CAR,D INPUT
-

g

i SAMPLE PROBIEM 8 INFINITELY LONG CYLINDER FROM 2C8 UNIT
READ PARAWO LIB-41 TME-3.0 END PARAM
READ MIXT'SCT=1 MIX-I 92800 2.6378-3 92600 9.57-5 92500 4.48006-2

. ,92400 4.327-4 + END MIXTURES
READ GEOMETRY CYLINDER 1 1 5.748 10.0 -10.0

[ CUBOID 0 ?,6.87 -6.87 6.87 -6.87 10.0 -10.0
END GEOMETRY ,

READ BOUNDS ZFC-MIRROR. END BOUNDS
READ ARRAY END ARRAY

'

END DATA
,

SAMPLE PROBLEM 9 INFINITE ARRA,Y OF 2C8 UNITS
The geometry description from sa:nple problem I is used and the cuboid is specularly reflected on

all faces to create an infinite array of 2C8 units having an edge to edge spacing of 2.244 cm in the x
and y directices and 2.245 cm in the z directma.

CARD INPUTs <

i SAMPLE PROBLEM 9 INFINITE ARRAY OF 2C8 UNITS
' READ PARAM TME-5.0 LIB-41 END PARAM
READ MIXTURES SCr=1 MIX-t 92500 4.48006-2 92800 2.6578-3,

92600 9.57-5 92400 4.827-4
END MIXT
READ ARRAY END ARRAY,

READ BOUN ALL-MIR END BOUN
READ GEOM
CYLINDER I 1 5.748 5.3825 -5.3825 CUBOID 0 1 6.87 -6.87 6.87 -6.87

,6.505 -6.505 END GEOM END DATA t
,

SAMPLE PROBLEM 10 2C8 BARE WRITE RESTART
'

This problem is the same as sample problem 1, a 2x2x2 array of metal cylinders. Restart informa-
tion is written on Unit 95 after the completion of every lifth generation.

,
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'CARD INPUT
,

SAMPLE PROBLEM 10 CASE 2C8 BARE WRITE RESTART
READ PARAMETERS TME-2.0 FLX-YES FDN=YES FAR=YES LIB-41 RES-5 WRS-95
END PARAMETERS
READ MIXT SCT-1 MIX-192500 4.48006-2 92800 2.6578-3 92400 4.827-4
92600 9.57-5 END MIXT
READ GEOMETRY
CYLINDER I 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
END GEOMETRY

'

READ ARRAY NUX-2 NUY-2 NUZ-2 END ARRAY
END DATA'

,

SAMPLE PROBLEM 11 2C8 BARE READ RESTART DATA
I nis problem is a restart of sampic problem 10. The problem is restarted from the 10th set of re-

start data that was written by sample problem 10 (i.e., it restarts with the fifty first generation).

'

CARD INPUT

SAMPLE PROBLEM 11 2C8 BARE READ RESTART DATA
READ PARAM BEG =51 RST-95 RES-0 END PARAM !,h| END DATA

1

SAMPLE PROBLEM 12 4 AQUEOUS 4 METAL

This problem is a critical expenment consisting of a composite array' 3 of four highly enriched ura-,

.

nium metal cylinders and four cylindncal plexiglas containers rdled with uranyl nitrate solution. Hee

j metal units in this expenment are designated in Table II of Ref. I as cylinder index 11 and reflector

,1 index 1. A photograph of the expenment is given in Fig. Fil.D.3.
;

.
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CARD INPUT
l

SAMPLE PROBLEM 12 4 AQUEOUS 4 METAL MIXED UNITS
'

READ PARAM LIB-41 FLX-YES FDN=YES TME-5.0 NUB-YES SMU-YES MKP=YES
MKU-YES FMP=YES FMU-YES END PARAM
READ MIXT SCT=1 MIX-1 92860 3.2275-3 925014.4802-2 MIX-2 1102 5.812
7100 1.9753-3 8100 3.6927 2 92501 9.8471-4 92860 7.7697-5

'

MIX-3 6100 3.5552-2 1102 5.6884-2 81001.4221-2 END MIXT
READ GEOM !

'

BOX TYPE 1
CYLINDER 2 1 9.525 8.89 -8.89
CYLINDER 3 1 10.16 9.525 -9.525
CUBOID 0 l 10.875 -10.87510.875 -10.87510.24 -10.24

,

BOX TYPE 2
CYLINDER I I 5.748 5.3825 5.3825
CUBOID 0 1 6.59 -15.16 6.59 -15.16 6.225 14.255
BOX TYPE 3
CYLINDER I I 5.748 5.3825 -5.3825
CUBOID 0 1 6.59 -15.16 15.16 -6.59 6.225 -14.255
BOX TYPE 4
CYLINDER I 1 5.748 5.3825 5.3825

'

CUBOID 0 1 6.59 -15.16 6.59 -15.16 14.255 -6.225
BOX TYPE 5*

'

CYLINDER 1 1 5.748 5.3825 -5.3825
CUBOID 0 1 6.59 -15.16 15.16 -6.59 14.255 -6.225

'

END GEOM READ ARRAY NUX-2 NUY-2 NUZ-2 LOOP;
# 13R2121121 2 9R1 3 3R12 213R1 4 6RI 2 21 5 3R12 212 21

! END ARRAY
END DATA

i

SAMPLE PROBLEM 13 TWO CUBOIDS IN A CYLINDRICAL ANNULUS

This critical experunent* consists of two assemblies of 93.2% mU-enriched uranium metal
(p -18.69 /cc) stacked vertically. The bottom assembly contains a uranium metal cuboid offset to the3
left within a uranium r.aetal cylindncal annulus. The top assembly contains a uranium metal cuboid off-
set to the right within a uranium metal cylindrical annulus. The cuboid extends above the annulus. A
drawing of the two sectiora, and the total assembly is given in Fig. Fil.D.4.

.
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CARD INPUT 3

SAMPLE PROBLEM 13 TWO CUBOIDS IN A CYLINDRICAL ANNULUS
READ PARAM TME-3.0 LIB-41 END PARAM
READ GEOM
UNIT 1,

CUBOID 1 16.35 -f..V 6.35 -6.35 7.62 0.0
CYLINDER 01 13.9P.R 62 0.0 ORIG 4.0934 0.0
CYLINDER 1 1 If.0P7.62 0.0 ORIG 4.0934 0.0
CUBOID 0 1 12.95 4 -25.1434 19.05 -19.05 7.62 0.0'

UNIT 2
j CUBOID 116.354.356.354.358.560.0

CYLINDER 01 11.97 8.56 0.0 ORIGIN 6.0934 0.0
CYLINDER 1 i ib.05 8.56 0.0 ORIGIN 6.0934 0.04

CUBOID 0 1 21 1434 -12.9566 19.05 -19.05 8.56 0.0

} UNIT 3
CUBOID 116.354.356.354.352.6160.0
CUBOID 0 1 25.1434 -12.9566 19.05 19.05 2.616 0.0$ -

END GEOM
READ MIXT SCT=1 MIX-192500 4.48006-2 92800 2.6578-3 92400 4.827-4

! 92600 9.57-5 END MIXT
READ ARRAY NUX-1 NUY-1 NUZ-3 FILL I 2 3 T END ARRAY END DATA

|

L
: SAMPLE PROBLEM 14 U METAL CYLINDER IN AN ANNULUS
I This critical experiment' consists of a 93.2% 23sU-ennched uranium metal cylinder within a cylindri-

cat annulus of the same material as shown in Fig. Fi1.D.5. The uranium metal specification is identi-,

:,
cal to that used in sample problem 13.

'

.

CARD INPUT>

SAMPLE PROBLEM 14 U METAL CYLINDER IN AN ANNULUS
READ PARAM LIB-41 TME-3.0 END PARAM-

^

READ MIXT SCT=1 MIX-I 92500 4.48006-2 92800 2.6578-3 92400 4.827-4
92600 9.57 5 END MIXT
READ GEOM
CYLINDER 1 18.8910.109 0.0 ORIG 5.08 0.03

.
CYLINDER 0 1 13.97 10.109 0.0

! CYLINDER 1 1 19.05 10.109 0.0
1 END GEOM

1 END DATA
i

d SAMPLE PROBLEM 15 SMALL WATER REFLECTED SPHERE ON PLEXIGLAS COLLAR

5 This critical expenment is a small highly enriched uranium sphere supported by a plexiglas dough-8

j nut in a tank of water. The sphere extends down through the hole of the doughnut. However, the
a KENO V geometry package cannot ngorously describe a doughnut. Therefore, the KENO V

mock up of this problem describes the doughnut as an annular cylindrical plate and the sphere is sup-
ported by it. Both are contained in a cylindrical tank of water. A drawing of the experiment is given in 3
Fig. Fil.D.6. This drawing shows the sphere above the cylindrical collar for the sake of clarity. The >*

|. sphere is actually supported by the collar and exte ads into the opening in its center. The actual experi.
E ment utihand a torus or doughnut instead of a cylindrical collar.
L l
'

i
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CARD INPUT

SAMPLE PROBLEM 15 SMALL WATER REFLECTED SPHERE ON PLEXIGLAS COLLAR
READ PARAM LIB-41 TME-8.0 FLX-YES FDN=YES END PARAM
READ MIXT SCT-1 MIX-t 92500 4.7048-2 92600 9.5932-5
92400 5.6717-4 92800 4.6611-4 MIX-2 6021.0 MIX-3 5021.0

f END MIXT'

READ GEOM
UNIT I
HEMISPHE-Z l 16.5537 CHORD -5.09066,

q CYLINDER 3 1 4.1275 -5.09066 -7.63065
9 CYLINDER 2112.7 -5.09066 -7.63065

CUBOID 314P12.7 5.09066 -7.63065' UNIT 2
HEMISPHE+Z l I 6.5537 CHORD 5.09066-

CUBOID 314P12.7 6.5537 -5.09066 i
,

CORE O I -12.7 -12.7 7.092175
CYLINDER 31 17.97 2P7.09224

REPLICATE 3 2 3*3.0 5
END GEOM -

; READ BIAS ID-500 2 6 END BIAS
| READ ARRAY NUX=1 NUY-1 NUZ-2 FILL 12 END ARRAY

READ PLOT TTL 'X-Z SLICE THROGH THE CENTER OF THE SPHERE'
'

,

p XUL--20.0 ZUL-10.0 YUL-0.0 XLR=20.0 YLR-0.0 ZLR= 10.0
|- UAX-1.0 WDN=-l.0 NAX-130 NCH '*0'

lI END PLOT. m() END DATA-

N
" SAMPLE PROBLEM 16 UO2F2 INFINITE SLAB K-INFINITY

This problem solves for the k-infinity of an infinite number of slabs of uranyl fluonde solution con.
[, tained in pyrex glass and separated by borated uranyl flounde solution. The uranyl fluonde slab is
i 4.958 cm thick,93.2% enrided, and has a density of 578.7 8 U/ liter. The pyrex glass is 1.27 cm

L thick and is present on both faces of the uranyl fluoride solution. A total of 27.46 cm of borated solu-
I tion separates the pyrex glass of adjacent slabs of solution.1.482x10-27 atoms of boron per milliliter is

present in the borated solution.

b
l CARD INPUT
'I

SAMPLE PROBLEM 16 UO2F2, INFINITE SLAB K INFINITY;.
READ PARAMETERS TME=5.0 LIB-41 AMX-YES XAP-NO END PARAMETERS
READ MIXT SCT-1,, ,

Q
MIX-t 925081.382 3 928514.978-5 92852 4.978 5 9100 2.963 3

,

8100 3.340 21102 6.088-2 MIX-2 13100 5.3-4 5100 4.59-3'

.

;j 8100 4.492 2141001.802 211100 2.380 3 MIX-3 1 1.0 51001.482 3
END MIXTa

! READ GEOMETRY
h CUBOID 1 1 2.479 -2.479 100 -100 100 100
D' CUBOID 213.749 -3.749100 -100100 -100
| CUBOID 31 17.479 17.479100 -100100 100
" END GEOM ''

,

, ./ READ BOUNDS ALL= MIRROR END BOUNDS READ ARRAY END ARRAY.

END DATA
,

END
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SAMPLE PROBLEM 17 93% UO2F2 SOLUTION SPHERE ADJOINT CALCULATION "}
A single 93% enriched uranyl fluoride sphere is run as an adjoint calculation. The result for the for-

ward and adjoint k-effectives should be the same within statistical error when the problem is run both
ways.

.

CARD INPUT

: SAMPLE PROBLEM 17 93% UO2F2 SOLUTION SPHERE ADJOINT CALCULATION
READ PARAMETERS TME=5.0 LIB-41 ADJ-YES AMX-YES XAP=NO END PARAMETERS
READ MIXT SCT=1
MIX = 192500 3.206-4 92800 2.339-51102 6.52'6-2 8100 3.3306 2
9100 6.879-4
END MIXT

( READ GEOMETRY
SPHERE I i 16.0
END GEOM.

END DATA
*END

SAMPLE PROBLEM 18 IF27 DEMONSTRATION OF OPTIONS

A reflected cubic array of 27 cylinders of aqueous uranyl nitrate in Plexiglas bottles ' The walls of
the bottles were 0.64-cm thick and each bottle was fdled with 5 liters of 92.6% enriched solution at an
H/usU atomic ratio of 59 and an N/ sU atomic ratio of 2.006. The 3x3x3 array was surrounded by a23

.

6-in. paraffin reflector. Most of the print options availabis in KENO V.a are exercued in this prob- ?oli ,y
'; lem. A perspective of this critical experunent is shown in Fig. Fil.D.7. A photograph of one of the.

- expenments utilizing 27 of the Plexiglas bottles is shown in Fig. Fil.D.8. Sample problem 18 has
'

15.24 cm of paraffm on all 6 faces rather than the 2.54-cm Plexiglas shown on 5 faces.
.
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| CARD INPUT

SAMPLE PROBLEM 18 IF27 DEMONSTRATION OF OPTIONS PROBLEM
READ PARA TME-10. GEN-53 NPG-350 FDN-YES NUB-YES LIB-41

| MKU-YES FMU=YES MKH-YES FMH-YES MKP=YES FMP-YES MKA-YES FMA-YES
| PWT=YES FAR=YES FLX-YES AMX-YES PAX-YES PGM=YES LNG-20000

END PARA
READ MIXT SCT-1 MIX-192508 9.8435-4 92852.000077660 7100.0019746

4 8100.0370861102.058076 MIX-2 6021 MIX-31102.0825716100
READ BOUNDS .ZB= H2O END BOUNDS,

READ GEOM UNIT 1 CYLINDER 1 1 9.52 8.7804 -8.7804 ,

CYLINDER 019.52 8.9896 8.7804
CYLINDER 21 10.16 9.6296 -9.4204;

| CUBOID 41 18.45 -18.4518.45 -18.4517.8946 -17.6854
' UNIT 2 ARRAY I 3*0.0

UNIT 3 ARRAY 2 3*0.0
UNIT 4 ARRAY 3 3'0.04

UNIT 5 ARRAY 4 3*0.0
GLOBAL
UNIT 6 CUBOID 4155.3501 -55.350155.3501 55.350153.3701 53.3701

; HOLE 2 55.35 18.45 17.79
HOLE 3 -55.35 l8.45 -53.37
HOLE 4 18.45 18.45 -53.37,

l HOLE 5 55.35 55.35 -53.37
; REPLICATE 3 2 6'3 5 REPLICATE 3 7 6*0.241 END GEOM

;-] READ BIAS ID-400 2 7 END BIAS
READ ARRAY,

i ARA-1 NUX-2 NUY-2 NUZ-2 FILL F1 END FILL
i ARA-2 NUX-2 NUY-2 NUZ-1 FILL FI END F LL
: ARA-3 NUX-1 NUY-2 NUZ-3 FILL FI END FILL
i ARA-4 NUX-3 NUY-1 NUZ-3 FILL F1 END FILL

END ARRAY
READ START NST-6 TFX-0.0 TFY-0.0 TFZ-0.0

: LNU-350 PS6-YES
END START<

READ PLOT
TTL-? IF27 XY PLOT AT Z-0.0 7 XUL-0.0 YUL-141.18 ZUL-68.61
XLR-141.18 YLR-0.0 ZLR-68.61 UAX-1 VDN- I NAX-130 NCH-7.* 3 7
RUN-YES END TTL-? UNIT MAP IF27 XY PLOT AT Z-0.07
PIC-UNIT NCH-? 1234567 END PLOT END DATA
END

:

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARRAY OF ARRAYS (SAMP PROB 12)

This critical experiment was described previously as SAMPLE PROBLEM 12. The laput data given
below utiliw the array of arrays option. See Fig. Fil.D.3.

,-
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CARD INPUT s,

|
'

SAMPLE PROBLEM 19 4 AQUEOUS 4 METAL ARRAY OF ARRAYS (SAMP PROB 12)
READ PARAM LIB-41 FLX-YES FDN=YES TME-2.0 NUB-YES SMU-YES MKP-YES
MKU-YES FMP=YES FMU-YES END PARAM
READ MIXT SCT-1 MIX =1 92860 3.2275-3 925014.4802 2 MIX-2 1102 5.812

l 7100 1.9753-3 8100 3.6927-2 92501 9.8471-4 92860 7.7697-5

[ MIX-3 6100 3.5552 2 1102 5.6884-2 81001.42212 END MIXT
'

READ GEOM
UNIT 1
COM=' URANYL NITRATE SOLUTION IN A PLEXIGLAS CONTAINER' f

,

CYLINDER 219.525 2P8.89
CYLINDER 31 10.16 2P9.525
CUBOID 014P10.875 2P10.24

l UNIT 2
? COM ' URANIUM METAL CYLINDER'

CYLINDER I I 5.748 2P5.3825
CUBO!D 014P6.59 2P6.225

/ UNIT 3
COM 'lx2x2 ARRAY OF SOLUTION UNITS'

" ARRAY I 3*0.0
UNIT 4
COM='lx2x2 ARRAY OF METAL UNITS PADDED TO MATCH SOLUTION ARRAY';

ARRAY 2 3*0.0
REPLICATE O I 2*0.02*8.572*8.031

,

END GEOM m

READ ARRAY ARA-1 NUX-1 NUY-2 NUZ-2 FILL F1 END FILL Y'

ARA-2 NUX=1 NUY-2 NUZ-2 FILL F2 END FILL GBL-3 ARA-3 NUX-2 NUY-1 NUZ-1
COM ' COMPOSITE ARRAY OF SOLUTION AND METAL UNITS'

? FILL 4 3 END FILL
END ARRAY,

/ END DATA
l
!

i
I SAMPLE PROBLEM 20 TRIANGULAR PITCHED ARRAY

,,

7This problern is a critical experiment consisting of seven cylinders la a triangular pitched unre-
flected array. The central cylinder has six cylinders arranged around it. The surface.to surface separa.
tion between the units is 0.15 cm. Each unit co:uists of a 60 mil thick aluminum can with an 8 in.-

inside diameter, filled with a solution of 93.2% enriched uranyl nitrate with a H/*U atomic ratio of
f. 44.3 and a density of $76.87 30/l. The apparatua for conducting this experiment is shown la

|t Fig. Fil.D.9.
1
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CARD INPUT |

[ SAMPLE PROBLEM 20 TRIANGULAR PITCHED ARRAY
READ PARAM TME-5 LIB-41 END PARAMi

READ MIXT SCT-1 MIX-1925081.3773-3 92852 9.9222-5
8100 3.3246-2 9100 2.9531-31102 6.0586-2 MIX-213100 6.0242-2 END MIXT j

READ GEOM
UNIT 1
CYLINDER I i 10.16 18.288 0
CYLINDER 2 1 10.312 18.288 . 152 j

|UNIT 2
CUBOID 014P50 50 .152
HOLE 13R0
HOLE 121.006 2R0
HOLE I -21.006 2RO
HOLE I 10.503 18.192 0
HOLE I -10.503 18.192 0
HOLE I 10.503 18.192 0
HOLE I 10.503 -18.192 0
END GEOM
READ ARRAY NUX-1 NUY-1 NUZ-1 FILL 2 END FILL END ARRAY
RE AD MIXT SCT-1 MIX-t 925081.3773 3 92852 9.9222 5
8100 3.3246-2 9100 2.953131102 6.0586-2 MIX-213100 6.0242 2 END MIXT
READ PLOT 'ITL ' HEX ARRAY' PIC-MIX
XUL-0 YUL-100 ZUL-10

'l XLR-100 YLR-0 ZLR-10 UAX-1 VDN--I NAX-120
NCH ' 12' END PLOT'

END DATA

SAMPLE PROBLEM 21 PARTIALLY FILLED SPHERE

This critical expenment consisted of a partially filled, unreflected sphencal container. His alumi-s
;

num container had an in:ide diameter of 27.244 in. and a wall thickness of 1/16 in. It is referred to>

in the report as the 27.3 in. diameter vessel De sphere was 98% filled with uranyl fluoride at an
enrichment of 4.89% with an H/*U atomic ratio of 1099. The height of the solution in the sphere was
64.6 cm above the bottom of the sphere. A schematic diagram of the apparatus used in the experiment
is given in Fig. Fil.D.10. The steel tank was ignored.

.

. .

CARD INPUT

SAMPLE PROBLEM 21 PARTIALLY FILLED SPHERE
! READ PARAM TME-5 LIB-41 END PARAM

READ GEOM'

HEMISPHE Z l I 34.6 CHORD 30.
SPHERE O 1 34.6
SPHERE 2 1 34.759
END GEOM
READ MIXT SCT=1 MIX-192400 2.54 7 92500 6.17415 92843 7.6067 4
92844 4.2788 4 8100 3.3260 2 9100 2.4949-3 1102 6.1531 2
MIX-213100 6.0242 2 END MIXT'"

END DATA |

;

, . . . _ , , , . . _- _.m < _ _ , _ - - . ~ _ _ , - .. -. _ -.
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Table F11.D.I. KENO 1% Hassee-Reech cross section library i

Mixture Title ID j

j CARBON STEEL 7.82s/cc C. 003921. FE. 083491 100
' TYPE 304 STAINLESS STEEL 7.93/cc CONTAINS C.CR MN,FE.NI.SI 200

OAK RIDGE CONCRETE 2.3s/cc 300

ORDINARY CONCRETE 2.37 /cc 3013

MAGNUSON CONCRETE 2.153/cc 302

'

X(E) POLY 1THYLENE 0.92 /cc H. 079433, C. 039716 4013
DE/E POLYETHYLENE 0.923/cc H. 079433, C. 039716 402

X(E) WATER 0.9982s/cc H. 066742 O. 033371 501

DE/E WATER 0.99123/cc H.066742,O.033371 502

| X(E) PLEXIGLAS 1.182s/cc H. 056ss4, C. 035532 O. 014221 601

DE/E PLEXIGLAS l.182s/cc H. 056884, C. 035552, O. 014221 602
#

,
MAGNUSON VERMICULITE 701

5 Fl=====* Title Searce ID
HYDROGEN X(E) Haasee Roach 1101

HYDROGEN DE/E Hansen Roach 1102

DEUTERIUM X(E) Hansee Roach 1201

LITHIUM-6 Haasse Roach 3100,

i LITH!UM-7 Hassee Roach 3200

L BERYLLIUM Hansse Roach 4100
I BORON (setural) Hansen Roach $100

L CARBON Hansse Roach 6100-

NITROGEN Hassee Roack 7100

OXYGEN Hansse Roach 8100
'

FLUORINE Haases Roach 9100

SODIUM Hansen Roach 11100

MAGNESIUM XSDRN 12100

ALUMINUM Haases Roach 13100,

*
SILICON XSDRN 14100.

SULFUR XSDRN 16100

CHLORINE Hansee Roach 17100,
,

POTASSIUM Hansen Roach 19100

CALCIUM GAM 2 20100
'

TITANIUM GAM 2 22100

VANADIUM GAM-2 23100

L CHROMIUM AEROJET 24100

I MANGANESE XSDRN 25100
| IRON Haassa Roach 26100

COBALT Hansen Roach 27100

L NICKEL Haamse Roach 28100

COPPER XSDRN 29100
'

ZINC GAM-2 30100

ZIRCONIUM Haassa Roach 40100

NIOt!UM Haassa Roach 41100

[ MOLYBDENUM Haases Roach 42100

CADMIUM GAM 2 48100

INDIUM GAM 2 49100

CERIUM Hassee Roach 58100
"'

SAMARIUM GAM 2 62100

- , _ . _ . . . -.. ... .. -
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Tame F11.TL1-(cent.) ]
FImment Title Sm ID

EUROP!UM GAM-2 63100

GADOLINIUM GAM-2 64100

TANTALUM Haases Roach 73100

TUNGSTEN GAM-2 74100
,

LEAD XSDRN 82100

TH-232 INFINITE DILUTION Haassa Roech 90200,

TH-232 SIG P - 20 Hemsse Rou:h 90202
7

TH-232 SIG P = 40 Haassa Roach 90204

TH-232 SIG P = 50 Hansen Roach 90104,

i TH-232 SIG P - 60 Haamse Roach 90206

TH-232 SIG P = 80 Haasen Roach 90208
'

TH 232 SIG P - 100 Hansen Roach 90210

: TH-232 SIG P = 150 Hansse Roach 90212
- TH-232 SIG P - 200 Hanssa Roach 90214

TH 232 SIG P - 300 Haasse Roach 90216

TH-232 SIG P - 400 Hansen Roach 90218

TH 232 SIG P - 600 Hansee Roach 90220

TH-232 SIG P = 800 Hansse Roach 90222

TH-232 SIG P = 1000 Haasse Roach 90224

TH-232 SIG P = 1250 Haassa Roach 90109

TH 232 SIG P = 1500 Hansse Roach 90226

TH-232 510 P - 1750 Haassa Roach 90111

TH-232 SIG P = 2000 Haases Roach 90228

; TH-232 SIG P = 2500 Haasen Roach 90113
'

j TE 232 SIG P - 3000 Hansee Roach 90230

TH-232 SIG P = 3500 Hanssa Roach 90115

TH-232 SIG P - 4000 Haasen Roach 90232

,j TH-232 SIG P - 6000 Hansen Roach 90234

] TH-232 SIG P - 10K Hansse Roach 90236

', TH-232 SIG P - 20K Haases Roach 90238

U-233 Hansen Roach 92300
! U-233-1 SIG P 20 Hansen Roach 92301

; U-233-2 SIG P = 40 Hanssa Roach 92302
*

|, U-233-3 SIG P - 60 Hanssa Roach 92303

(. U-233-4 SIG P = 100 Hansse Roach 92304

U-233-5 SIG P - 200 Hansen Roach 92305
' J-233-6 SIG P - 400 Haasse Roach 92306

U-233-7 SIG P - 600 Hansen Roach 92307

U-233-8 SIG P = 1000 Hansee Roach 92308

U-233-9 SIG P = 2000 Hansen Roach 92309
S U-233-10 SIG P - 4000 Haassa Roach 92310
1 U 233-11 SIG P - 6000 Hansse Roach 9231I

g U-23312 SIG P = 10000 Haases Roach 92312
| U 234 Mihaicao Mod of H-R U 238 92400
i* U 235 YR Hannes Roach 92500

j U-235-IR SIG P = 20 Hansen Roach 92501

U 235-2R SIG P - 40 Haases Roach 92502

U 235-3R SIG P - 60 Haases Roach 92503

U-235-4R SIG P - 100 Haaseo Pwh 92504 -

U 235-5R SIG P = 200 HannesR mb 92505

U-235-6R SIG P = 400 Haasse Roach 92506

. . . . . . , _ _ , _ . - , . - . - - . . _ . - . -
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Table F11.D.I. (cost.)

Eleaseet Title Searce ID
U-235-7R SIG P = 600 Haasse Roach 92507

U-235-8R SIG P = 1000 Hansse Roach 92508

U-235-9R SIG P = 2000 Hansen Roach 92509

U-235-10R SIG P = 4000 Hansse Roach 92510

U-235IIR SIG P = 6000 Hansse Roach 92511

U-235-12R SIG P = 10000 Hansse Roach 92512

U 236 Mikenese Med of H-R U 238 92600

U-238 Y Hansse Roach 92800

i U-238 SIG P = 12 Hansse Roach JRK Med 92801

i U-238 SIG P = 15 Haases Roach JRK Mod 92802

U-238 SIG P = 20 Haases Roach JRK Mod 92803

U-238 SIG P = 25 Hassee Roach JRK Mod 92804

U-238 SIG P = 30 Hansse Roach JRK Mod 92805
,

~

U-238 SIG P = 35 Haases Roach JRK Mod 92806

U-238 SIG P = 40 Hansse Roach JRK Mod 92807

U 238 SIG P = 45 Haases Roach JRK Mod 92808

U-238 S:0 P = 50 Haases Roach JRK Mod 92809

U 238 SIG P = 55 Hansen Roach JRK Mod 92810

U-238 SIG P = 60 Hansse Roach JRK Mod 92811

U-238 SIG P = 65 Hansen Roach JRK Mod 92812,

U 238 S G P = 70 Haases Roach JRK Mod 92813

U-238 SIG P = 75 Hansen Roach JRK Mod 92814

i U-238 SIG P = 80 Hansen Roach JRK Med 92815
I U-238 Si1 P = 85 Haasen Roach JRK Med 92816,

d U-23% sit. * = 90 Hansen Roach JRK Mod 92817

U-232 SIG t = 95 Haasse Roach JRK Mod 92818

U-238 SIG P .100 Haasse Roach JRK Mod 92819

U-238 SIG l = 110 Haasse Roach JRK Med 92820

U-238 SIG P = 120 Hansse Roach JRK Mod 92821
*

,

U-238 SIG P = 130 Hanssa Roach JRK Mod 92822*

| U-238 SIG P = 140 Hansse Roach JRK Med 92823
3 U-238 SIG P = 160 Hansse Roach JRK Mod 92824

l U 238 SIG P = 180 Hansee Roach JRK Mod 92825

U-238 SIG P = 200 Hannes Roach JRK Mod 92826

U-238 SIG P = 220 Hansee Roach JRK Mod 92827

U-238 SIG P = 2 0 Haases Roach JRK Mod 92828

U 238 SIG P = 260 Hansee Roach JRK Mod 92829

U-238 SIG P = 280 Hansse Roach JRK Mod 92830

U-238 SIG P = 300 Hensee Roach JRK Mod 92831

U-238 SIG P = 330 Haasse Roach JRK Mod 92832

U-238 SIG P = 360 Haasse Roach JRK Mod 92833
'

U-238 SIG P = 400 Hansse Roach 92834

U-238 SIG P = 450 Haases Roach 92835

U-238 SIG P = 500 Haasse Roach 92836

U-238 SIG P = $50 Hassee Roach 92837

U-238 SIG P = 600 Hansen Roach 92838

U-238 SIG P = 650 Haassa Roach 92839

U 238 SIG P = 700 Hansse Roach 92840

U 238 SIG P = 800 Hannes Roach 92841

v U-238 SIG P = 900 Hansen Roach 92842

. , , , - , , . , , , . - - - - -
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|'

Tehle F11.D.I. (cent.) i !

Flamenet ikie Seeree ID
U 238 S10 P = 1000 Haases Roach 92843

U 238 SIO P = 1500 Hannes Roach 92844

U-238 SIG P = 2000 Haasse Roach 92845

U-238 SIG P = 3000 Hassee Roach 9346
U-238 SIG P = 4000 Haassa Roach 92847

U 238 SIG P = 5000 Haasen Roach 92848

U 238 SIG P = 6000 Haases Roseh 92849

U-238 SIG P = 8000 Hannes Reesh 92850

) U-238 SIG P = 10000 Hansse Reach 92851
? U-238 SIG P = 20000 Hansen Roach 92852
- U 238 SIO P = 40000 Haasse Roach 92853

U-238 SIG P = 60000 Hansse Roach 92854,

U-238 SIG P = 100000 Haasse Roach 92855

U 238 lR SIO P = 20 Hansen Roach 92856

U-238-2R S10 P = 40 Haassa Roach 92857

U-238 3R SIG P = 60 Haases Roach 92858
- U 238-4R SIO P = 100 Haasse Roach 92859

U-2385R SIO P = 200 Hansse Roach 92860-

U-238-6R SIO P = 400 Haases Roach. 92841

U 238-7R SIG P = 600 Hanese Roach 92842

PU 240 Haassa Roach 94000

PU-2401 SIG P = 50 Hasses Ranch 94001.

; PU-240-2 SIG P = 100 Haasee Roach 94002

PU 240 3 SIG P = 200 Hansse Roseh 94003 '

i PU 240 4 SIG P = 400 Haasse Roach 94004
*

PU 240 5 SIG P = 600 Haases Roach 94005

PU-2404 S10 F = 1000 Hansen Roach 94006

PU-240 7 SIO P = 2000 Haases Roesh 94007
'

PU-2404 SIG P = 4000 Hansse Roach 94004

PU 240 9 SIO P = 6000 Hassee Roesh 94009

PU 24010 SIG P = 10000 Hansse Roach 94010 t

PU 240 Il SIO P = 20000 Hansse Roach 94011

PU 24012 S10 P = 40000 Hameen Roach 94012

PU 24013 SIG P = 60000 Hansse Roach 94013 :

PU 24014 SIG P = 100000 Haases Roach 94014 |

PU 24015 S10 P = 200000 Hansse Roach 94015

f PU-24016 SIG P = 400000 Haasse Roach 94016

PU-24017 SIG P = 600000 Hansse Roseh 94017

PU 24018 S10 P = 1000000 Hanese Roach 94018

i PU 241 OAM 2 94100

] PU 242 OAM 2 94200
3 PU-238 Haasse Roseh 94800
*

PU 238-1 SIG P = 100 Peroussess 94801

PU 238-2 510 P = 1000 Penuessen 94802,

PU 238 3 SIO P = 10000 Penisunse 94803

PU 238 Y Pensannen 94804

PU 2J9 Haamse Roach 94900

PU 2391 SiO P = 20 Hennes Roach 94901 =

PU-2J9 2 SIO P = 40 Hansse Roach 94902 )
PU 239 3 SIG P = 60 Haases Roach 94903
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.

Tame F11.D.1. (cent.)

Flammmet '!1 ele Seeree ID
PU-239-4 SIG P = 100 Hansse Reesh 94904

PU 239 5 SIO P = 200 Hennes Reesh 94905

PU 239 4 SIO P = 400 Hesses Rossh 94906

PU 239 7 SIO P = 400 Haassa Reesh 94907

PU 239 4 SIO P 1000 Hanssa Reest 94908

PU 249 530 P = 2000 Hesses Reesh 94909

PU 23910 SIO P = 4000 Hessen Reesh 94910

PU-239 il SIO P = 4000 HennesRensh 94011

PU 23912 SIG P = 10000 Hanssa Reesh 94912

PU 23913 SIO P = 20000 Hessen Reesh 94913

PU 23914 SIO P = 40000 Hesses Reesh 9 # 14

PU 23915 SIO P = 40000 Hansse Reesh 94915

PU-239-14 SIO P = 100000 Haases Reesh 94914
|
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Fig. Fil.D.I. Critkal 2C8 bare assembly
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Fig. Fil.D.4. Drawing of two cuboids in an annulus critical assembly
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REFLECTED SPHERE OF U METAL.
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GABFLE PROBLEII 4 2C0 15.24 Cu FAaAFFIM BBFL AUTORIATIC REFL

ESDIA BIAS GRONSTRY DSOCRIPTIOII FOR T11005 UIIITO UTILISED IM TMIO PROGLEII
BEGICII MUN ID,

UMIT 1 -----

~

l CTLIIIDSB 1 1 RADIUS = 5.7400 +5= 5.3025 -8 = -5.3025 CaIITsaLIMs Is AT I= .0 Y= .0

2 CUDOID 0 1 +E= 14.740 -I = -11.740 +T = 11.740 -Y = -11.740 *E= 11.375 -5 = -11.375

eeeeeeeeeeeeeeeeees GLosAL eseeeeeeeeeeeeeeees
----- UNIT 2 BETERIIAL TO LATTICE 1 ----

i AmeAv MUmssa a *E= 23.400 -E = -23.400 +r= 23.400 -r = -23.400 +s= 22.750 -s = -22.750 3
; I

2 CUBOID 2 2 ex = 26.400 -E = -26.400 *T = 26.400 -Y = -26.400 +5 = 25.750 -5 = -25.750 E
3 CUBOID 2 3 *I = 29.400 -I = -29.400 +Y = 29.400 -Y = -29.400 +E= 20.750 -5 - -20.750 'J

4 CUBOID 2 4 *E = 32.e00 -2 = -32.400 +T= 32.400 -Y = -32.400 +E= 31.750 -8 = -31.750

35.400 -I = -35.409 *Y = 35.400 -Y = -35.400 +5 = 34.750 -8 = -34.7505 CUGOID 2 5 +I =

6 CUDOID 2 6 *E= 30.400 -I = -30.000 +T= 30.400 -Y = -30.400 +8= 37.750 -8 = -37.750

7 CUBOID 2 7 *E= 30.720 -E = -30.720 *Y = 30.720 -Y = -30.720 +s- 37.390 -s -37.990
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SAMPLE PROSLBM 4 2CS 95.24 CM PAaAFFIM RSFL AUTOMATIC SSFL

eees FISSION DBMSITIES coes

FISS1001 PsacaMT TOTAL
UNIT 95GION DBMSITT DEVIATION FISSIONS

i i t 1.192s-64 0.54 9.9415-01
2 S.8 0.0 0.0

GLOBAL UBIIT,

2 1 0.0 0.0 0.0
2 0.0 0.0 0.0
3 0.0 0.8 0.8
4 8.8 0.0 0.0

- 5 0.0 0.0 0.8
:) 6 e.e e.e 0.e
* 7 d.e 0.0 0.9

sl
zi
.%

. ' . ,.{*
' SAMPLE PROSLEIB 4 2C8 15.24 CM PAaAFFIM BEFL AUTOMA G C REFL

FLUMES FOR UIIIT I 'f1
"

BEGIOst I psGIOes 2;-

GBOUP FLUE PSBCaseT FLUE FSRCENT %
DSVIATIOII DSVIATI001 =

08
1 7.4465-05 1.00 2.342s-05 2.04
2 1.330s-94 1.00 4.3995-05 1.39
3 0.2778-45 1.43 2.6958-85 8.65

+ 4 1.2015-44 1.01 4.969s-05 1.29
5 9.434s-05 1.45 3.180s-05 1.41
6 1.6395-85 3.17 1.2055-05 3.27
7 2.450s-06 6.39 7.2178-06 3.92
0 1.5415-06 6.18 6.9945-06 3.53
9 6.9305-87 c.18 6.3155-06 3.60

le 2.0745-07 9.69 3.921s-06 5.42
18 1.5065-07 9.53 3.715s-06 5.14
12 1.5968-07 14.04 3.9335-06 5.28
13 2.656s-07 19.54 3.3345-06 5.97
14 9.825s-07 12.19 2.0935-06 5.47
15 1.0545-47 6.61 7.4445-06 4.35

' 16 3.663s-07 2.63 6.0375-05 2.18

G
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ShuPLE P909LBu 19 4 Aque058 4 MaTAA AAAAT OF ARRATS esamp PSOS tal

u!EING TASL5

Neussa OF SCATTsatus ANGLSS = 1
CDOS$ SBCTION NSSSAGE TuBSSEOLS =3.Sa-85

BuTST u!ITUSS IIOCLISS Deus!TY

'
t 1 92660 3.22750s-43
2 1 92508 4.44420s-42

| 3 2 1982 5.Steess-62
4- 2 7168 1.97530s-83

; s 2 else 3.692 ss-42
4 6 2 92541 9.847195-44

* i 7 2 92864 7.769745-85
8 3 EISO 3.55530s.82 9N
9 3 1892 5.60440s-82 C

10 3 8100 9.422148-82 -

N
be
@

CROSS SSCTIONS BSAD FROM TBS AMPE MOBatuG LItahat 05 UNIT 41

1982 ETD80 gab DS/s WAWS5u BOACE.
6808 CAmeou Baussu BOAcu
FISO WITaOGau NAWSBN ROACE

' Stat OSTGau BauSBN BOAcu
92585 5-235-tm SIG P = 28 NAussu DOAcu
92068 W-238-5B SIG p = 244 MAustu 20ACs

214 IO'S Maas 9800 NIRING CDOES-SSCTIONS ................

1-D CaOSS SBCTIon ASSAY ED MuutsSS
1 2002 1452 27 10 Isle

27 30*S uses 9830 pasphaluG Tus CROSS SaCTIous ................
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see see
see SAMPLE paOSLBH 19 4 AQUSOUS 4 MBTAL AmeAY OF ABSATS ESANP PaOm 128 ***
eee eee
seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees
oeoseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesseeeeeeeeeeeeeeeeeeeooeeeeeeeeeeeeeeeeeos
eee eee ,

!ese seeees SPACE AuD SUPBmGROUP INFOsmATION *eteo, ese
ee* eee
ee* 186224 WOBOS IS TuS TOTAL SPACE AVAILABLE. ose
eee eee

, ,

; * 8 ee* 1287% WOSDS WERE USED FOR NON-SUPSSGROUP STORAGE. eso
. ese ee,

oes 183353 WOaDS OF STORAGE Aa8 AVAILABLE FOR SursaGaOutse DATA. ***
J

i ese see
,

i e** 196928 WORDS OF STORAGE ASE AVAILABLE FOR COMStaOCTING THE SUPSAGROUDS. ese

! ... e..
ose 183315 WOaDS OF STOaAGS AaB AVAILASLB TO BACM SUPERGROUP. eee
see see

i :- ese 152 WOaOS AaB NSSSSD fos TSE LAaGSST GaOUP. ese .

:*' ese see
see 13151 WOaOS OF STORAGE IS SUFFICIENT TO SUM THIS PROaLEN. ese
ese eso
ese 14459 WOaDS OF STORAGE WILL ALLOW THE paOaLau TO aum WITN ONE SurstGaOUp. oes er1
ese eos =*

~
; eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.

eeeeeeeeees.eeeeeeeeeeeeeeeeeeeeeeee.oo.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ps >

4 e.e eee as. ;
ee* STARTING EMDING ESEC ALaSDO TOTAL ese "

i' ese SUPERGROUP GROUP GR3UP LBMGTM ESuGia LEuGTE ese
' ese ese

4 ese see
1 ++e 1 1 15 283 8 1542 ***
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SAMPLE PROSLBM 19 4 AQUEOUS 4 MSTAL AmeAY OF ABRAYS ISAMP PROS 128

MSDIA SEAS GBOMSTRY DSSCRIPTION FOR TMOSE UNITS UTILIIBO IN TMIS PSOBLEM -

ROGION NUM ID

----- UMIT I

UBAMTL MITRATE SOLUTION IN A PLEXIGLAS CONTAIMSR.

I
1 CTLIMDSa 2 1 RADIUS = 9.5250 *E= 8.0000 -5 = -0.8900 CBMTSaLINE IS AT I= .8 Y= .0

2 CTLINDSR 3 i RADIUS = 10.160 *E = 9.5254 -5 = -9.5250 CaMrsaLIMS IS AT E= .0 Y= .0

18.075 -I = -18.875 ,Y = 10.875 -Y = -10.075 *E= 14.244 -5 = -10.2483 CUSOID 0 1 +I =
.

I
j ----- UNIT 2 ----- 3
.

USAMIUM MSTAL CTLIMDBA *

N
'

S CTLINDSS 1 1 RADIUS = 5.7400 *E= 5.3025 -5 - -5.3025 CsMTeaLIMs IS AT I= .8 Y= .0 h
2 CueOID 8 1 *E = 6.5900 -2 = -6.5984 *T = 6.5900 -T = -6.5900 +E = 6.2254 -5 = -6.2250

' l
j UNIT 3 BETERMAL TO LATTICE l -----

SE232 ASSAY OF SOLUTION UNITS

21.758 -2 = .8 +T = 43.500 -Y = .8 *E= 40.968 -5= .01 ARRAT MUMBER 1 *I -

----- UNIT 4 SETsaMAL TO LATTICE 2 -----

1E232 ASSAT OF METAL UNITS PADDED TO MATCM SOLUTION ARSAT

I ASRAT MUMSSR 2 *E= 13.100 -I = .8 *T= 26.360 -Y= .8 *E= 24.948 -E= .0

2 CutOID e t *E= 33.180 -I = .0 *T= 34.930 -Y = -8.5700 *E= 32.930 -E = -0.0300

i
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Fi1.L2 MICROFICHE OF COMPLETE SAMPLE PRORLEM OUTPUT |
|

Microfiche of the computer output from all the sample problems is located at the end of the Appen. I

dices. The microfiche is labeled Sect. Fil.E.2 and has the corresponding title,
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APPENDfX F

I

I
Fil.F MICROFICHE CROSS REFERENCE OF YARIABLES USED IN EENO V

|

The cross reference listing of the variables used in KENO V is given on microfiche located on the
following page. The microfiche is labeled Fil.F and has the corresponding title.
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ABSTRACT
r

!
' The JUNEBUG-II code is an exceptionally valuable tool which is used to verify and validate

three-dimensicnal (3-D) combinatorial geometry and KENO geometry models. It uses the MARS
geometry system for modeling complicated multipic array lattices as well as simple combinatorial,

geometry models. Ieput for JUNEBUG-II is very flexible and will accept standard KENO-IV input!

data, as well as combinatorial MARS geometry input.

JUNEBUG-II is an improved version of JUNEBUG which has been updated to provide faster
running times and more efficient storage allocation. Variable I/O units are now used, a new and
more efficient COMMON structure has been developed, and ~ program errors detected by users have
been climincted.
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i

F12.1 INTRODUCTION
JUNEBUG-II is a tool used to verify and validate three-dimensional combinatorial geometry

and KENO geometry models. It uses the MARS geometry system for modeling complicated multi-
pie array lattices as well as simple combinatorial geometry models. Input for JUNEBUG-II is very
flexible. It will accept standard KENO-IV input data (see Sect. FS), as well as combinatorial
MARS geometry input (see Sect. M9). JUNEBUG-II is based on JUNEBUG, but it has a new
COMMON structure, variable I/O units, and some error corrections which improve running time

*

and storage allocation.

The main features in JUNEBUG-II are:t

1. the code accepts geometry input for MORSE-SGC/S (MARS) and KENO-IV codes;

2. the user may specify or default the bodies to draw and the bodies to check for
intersections;

3. the user determines by geometry zone or material media regions of space which are
transparent, nontransparent, or invisible;

4. the user specifies the subspace to plot;

5. the user determines the viewpoint;

6. the user determines the arrays to plot or skip;

7. in geometry models containing smaller arrays nested inside of larger arrays, the user
specifies the depth of nesting to be plotted; -

;

p 8. multiple plots from different viewpomts with different transparency specifications are
| t- availabic in a single rua;
'

9. plot resolution is adjustable for " quick" plots; therefore, computer time requirements are
user-controlled;

,

10. JUNEBUG-II uses the DISSPLA Graphics System for device independent plot capabil-
j

ities. This allows the plot output to be diverted to any device the user selects.;

This document is designed to introduce users to the concepts involved in 3-D geometry plotting.a

1 Section F12.2 introduces and discusses the following topics:

1. the criteria for drawing a line;

2. the concept of plot resolution, the amount of detail drawn, and the resolution involved;

,,
3. the concept of hidden lines and how it is applied in JUNEBUG-II;

s

| 4. the procedure JUNEBUG-II utilizes to determine and draw combinatorial body
p intersections;

5. the combinatorial bodies available in JUNEBUG-II. |

j' Section F12.2 is intended as a broad overview of the code to aid the user in obtaining good plots
with a reasonable amount of computer time. Section F12.3 contains the JUNEBUG-II Input
Description. Sample problems for JUNEBUG-II are given in Sect. M9.A on the MARS
Geometry System. Tables F12.1.1 through I 12.1.4 define variables in labelled commons.

,

|

m.-' |

|

L F12.1.1
|

. . . . - - --
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F12.1.2

.

Table F12.1.1 Definitions of Variables in COMMON TMBE
N

1

Variable Name Definition
.

KI Pointer to body flag inpot array '

KV Pointer to zone transparency array

IERG Error flag -
If =0, exit on error.
If = 1, continue.

ILG Signal to indicate whether this is a
new view.
If =0, initiate new view;= 1, otherwise.

ISPR Debug print level - controls amount of
output printed for various errors.*

If = -1, ZEXITS will be called to print
the combinatorial geometry zone transfer
table.

ISRP Boundary test - If =0, universe; if= 1,
array.

L KMLU Pointer to Master Lookup array.

h.
1 KMDM Pointer to Master Data Management array.

NMLU Size of MLU array.

NXR Block number at which data transfer is to
i start on direct access read or write

NAS Associated variable for direct access I/O.

Number of record physically following the
one just promwrl

Table F12.1.2 Definitions of Variables in COMMON VEWDIM

Variable Name Definition

| SID(6) Plot subspece in absolute univesse or
level 0 space - global'

SID(1) is XMIN; SID(2) is XMAX:
SID(3) is YMIN; SID(4)is YMAX:
SID(5)is ZMIN; SID(6) is ZMAX.

l

i

SED (6) Plot subspace in other universes -
local coordinate. -

.)
VX(3) Viewpoint coordinates - globati

!

. 7y,..-e...,.,..;~. 7.; , . .

,

- _ _ _ _ _ _ ._ _ _ _ . , . . , . .- . _ . - - . -
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F12.1.3

Table F12.1.3 Definitions of Variables in COMMON RESOL

Variable Name Definition

| MI Minimum increment for straight line
resolution.

MX Maximum increment for straight line
resolution.

MLI Minimum increment for curved line'

resolution.
,

! MLX Maximum increment for curved line
resolution.

.

RES Segment size facter for straight lines

ROS Segment size factor for curved lines>

IPL Indicates how coordinates of points
on a circle are stored. If = 0, x,
y, z is stored in 3 separate arrays.
If = 1, x, y, z is stored in one array
of dimension 3* number of points.

g)%
.

Table F12.1.4 Definitions of Variables in COMMON LINE
i

i Variable Name Definition

U X-direction cosine of vector from one
point to another in a view

[ V Y-direction cosine of vector from one
point to another in a view I,

.
.

I W Z-direction cosine of vector from one
point to another in a vi we

,

DST Distance between two poma on plotting
line.

1

' %
| %

. . . -
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| F12.2 GENERAL DESCRIPTION OF GEOMETRY PLOTTING CONCEPTS
i

All lines drawn by JUNEBUG.II must meet the following conditions:

1. the points on the line must be on an input zone boundary,

2. the points on the line are associated with a given body; the body must be referenced in
at least one adjacent zone description;

3. the points must be visible from the viewpoet; all material zones between the viewpoint
and the points drawn must be transparent or invisible;

4. the points must be inside the subspace specified to be plotted;
.-

5. space around the points mus't be well defined or the job will, depending on user option,
either abort or leave the plot space vacant..,

If a plot is missing a line the user believes should be present, the user should make certain the
line meets all the above requirements. Code zone boundaries inside the same input zone are not
plotted, since they do not constitute a possible media boundary.

e

Before determining if a line is to be drawn, a method must be defined to describe the line. This
introduces the problem of plot resolution.

In more simple terms, plot resolution is the number of points used to define a given curve or line f

in space. The line between two points determines an interval on the curve. The size of the interval
: determines the number of intervals defining the line and the detail of the line plotted. The more

intervals in a line, the more points to process in the program, hence requiring more computer time.
al O
$' The plot resolution determines the amount of detail plotted on body intersections. If an inter-

section is not completely drawn, the plot resolution should be increased. The user must decide if
the additional detail desired is worth the additional computer time required.

i

U The resolution used in a plot may be different between straight lines and curved lines. This fea-

1]:
ture gives the user some flexibility in optimizing his run time. The user inputs a minimum number
of intervals for a line, a maximum number of intervals for a line, and a recommended interval

|j length. The minimum and maximum number of intervals for a line take priority over the recom-
mended interval length.,

The total length of the line is divided by the recommended interval length to determine the
,j number of intervals required to draw the line. If this number is less than the minimum number of

intervals, the minimum number of intervals is drawn. If this number is greater than the maximum"

number of intervals, then the maximum number of intervals is drawn. This criteria is input for-

both straight lines and for curved lines on the first card of the program input. The resolution size
is used to determine the resolution for the lines defining all body boundaries. If the user is plotting'

a lattice array, the increased resolution may be very costly. Computer time for JUNEBUG-II is3

directly proportional to the line resolution required.
,

After lines for a model have been defined, a selection of the lines to draw must take place. A
plot with too many lines will look cluttered. A plot with too few lines will lack detail and possibly
depth. To add depth to a figure and reduce the number of lines drawn on a plot, geometry zones
are defined as being transparent, nontransparent, or invisible. The user should understand the hid-
den line logic in JUNEBUG.II so as to successfully utilize this feature with his models.

.

F12.2.1
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F12.2.2
,

A line is made up of points defining intervals on a line. Rays are tracked from the viewpoint to
each point on a line. Both points defining an interval must be visible from the viewpoint in order 'i
for the interval to be drawn. If a line disappears on a plot before it is actually hidden, then the line
resolution is too coarse. The user must decide if the extra detail is worth the additional computa-
tional cost.

Lines are hidden when they are not visible from the viewpoint due to blockage by a nontran-
sparent media zone. Lines may be selectively removed from plots in the following ways:

1. the body containing the line is not drawn;

2. if the line is an intersection of two bodies and the intersection flag is turned off for one
,

of the two bodies, then the intersection is not computed;

. 3. if the line borders a zone which is flagged INVISIBLE, then the line is not drawn; lines
d adjacent to or inside an invisible zone are not drawn;

4. the points on the line are outside the plot subspace.

Many geometry models contain body intersections. The intersections are necessary to describe
the particular shape being modeled. As such, they should appear in the geometry plot since they

*
contain useful information on the model shapes.

JUNEBUG-II does not attempt to analytically compute the intersections of the various com-
binatorial bodies. This process would be tedious and complicated. The approach taken is a very
simple technique which lacks math:matical complexity. After points have been generated for each

j of the defining borders (lines) of the bodies, then arbitrary lines are drawn connecting points at

b opposite sides of the bodies. These lines are parallel, in the case of cylinders, but not for planar
j surfaces. These lines are individually scanned and checked for intersections with each of the possi- (h.

ble bodies. This may at first appear to be inefficient, but this technique is quick and the logic is1

straightforward..

The time required to generate body intersectmas may be controlled by use of the plot resolution
. parameters and by selectively bypassing the body intersection scan for specific bodies. 'De plot res-
j olution parameters determine the resolution of the scan performed on each body. The body inter-
'l sect array in the JUNEBUG-II input allows the user to bypass the scanning of selective bodies. In
j most combinatorial geometry models, the number of intersectmg bodies is limited. If the geometry
P is a simple universe * or a KENO geometry model, then intersections may not exist, and it is not

necessary to check for them. Subroutine SCAN performs the body scans and passes the int rsect-
,

ing points to SIGHT. An intersection table is composed giving the sides of each intersecting body.
L For example, the table may determine side 2 of body 4 intersects side 3 of body 5. Subroutine
F XCHEK generates the table and is called to verify that an intersection has not been previously gen-

h erated. Some sides of some bodies may intersect twice, most only once. It is not possible for a side
'

of one body to intersect with the same side of another body more than twice. The actual sides'

intersecting and the intersecting points generated may be printed out if the user desires the infor-
mation. This is usually a very large amount of output.

~

JUNEBUG-II draws geometry from simple geometric enclosed volumes, called combinatorial
I bodies. The body descriptions are given in Sect. M9.2. JUNEBUG-II does not have all of the

combinatorial bodies implemented. The bodies JUNEBUG-II presently draws are RPP, BOX,
WED, SPH, ARB, and RCC. Models containing body types not implemented may be drawn but
will be mhsing the nonimplemented bodies. The missing body types are still available for geometry

.
modeling and ray tracing.

.

*See Sect. M9.3.1 for a description of the term universe. KENO users may consider a universe as ]
combinatorial geometry's equivalent to KENO BOX TYPES.

'

,
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F12.3 INPUT DESCRIITON

JUNEBUG may be run " stand-alone" or as part of SCALE. When run in SCALE, the user's
first input card should be =JUNEBUG beginning in column I and his last input card should be

|
END beginning in column 1.

JUNEBUG-II CARD INPUT (All input is free form)

CARD A (11 Entries Required)

MI Minimum number of intervals for straight lines > 4-

MX Maximum number of intervals for straight lines > MI-

MLI Minimum number of intervals for curved lines > 4-

MLX Maximum number of intervals for curved lines > MLI-

g IP(20) Transparency input will be entered as:-

!
= 0 by combinatorial or KENO input zone
= 1 by combinatorial code zone (not applicable for KENO INPUT)a

= 2 by cornbinatorial or KENO media

ISRP - Boundary test will be performed as:

= 0 across input zone boundaries in the same universe
= 1 across input zone boundaries in different universes;

j cell and array boundaries will be tested.
n NOTE: ISRP=0 is normally sufficient;

; ISRP=1 is a more rigorous test of the geometry.

! IERG Error Flag-

[ = 0 Exit on error (rect mmended)
; = 1 Continue plotting leaving undefined space vacant j

] NOTE: IERG= 1 may abort if user's plot is poorly defined. '

.i JMK Geometry Type-

= 0 COMJOM MARS INPUT
. = 1 KENO-IV INPUT

ISPR Debug Print Levelt-

= -1 Prints zone transfer table which can be very large.'

[ 0 to 5 (HIGHLY recommended ISPR = 0)! The larger ISPR, the more=

[ debug print the program gives the user. WARNING: ISPR=5 gives

( much output.
i

tSee Table F12.3.1 for additional information.

|

!

-
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F12.3.2

Straight Line Recommended Interval Size (cm)RES -

Curved Line Recommended Interval Size (cm) }ROS -

GEOMETRY INPUT (See Sects. M9.A and M9.B)

CARDS B-1 - If geometry is combinatoric.: MARS, input CARDS A.1 through A.7 should be,

'

entered (Appendix F12.A)

CARDS B-2 - If the geometry is KENO.IV, the KENO input should be a follows:
.

-Title Cardj -KENO Region Cards (Sect. M9.8)

; -END the KENO Input with DONE

CARDS B-3 - The array input, CARDS A.8 through A.10 should be entered (Appendix*

F12.A). A.10 is not needed for KENO-IV input.

PLOTTING INPUT

CARD C (two arrays of input)

j Body Draw / Skip Array (one entry for each combinatorial body or KENO
'

Region)

Body Intersect Array (one entry for each combinatorial body or KENO Region)

ENTER -1 and both arrays wiB be defamited. The default draws all bodies with y
'

];
.

' 'the exception of universe reference bodies (KENO CUBOID BOX TYPES - last -

card) and array reference bodies (KENO CORE BOUNDARY REGION).

J
p If the arrays are entered the input is:

J

For the Body Draw / Skip Array -
0 - SKIP the body
1 - DRAW the body

For the Body Intersect Array -.

L 0 - NO SCAN for intersections
i 1 - SCAN for intersections

f- CARD D (1 entry)

NVEW - Number of plots to dra'w
,

l CARD E - TITLE FOR PLOT: terminate the title with T; less than 40 characters.
l
f; CARD F - PLOT PAGE SIZE (2 entries) XP, YP (in.) Recommend 10.0 by 7.5 in. for
j Tektronix users and 13 by 10.49 in. for CALCOMP and GOULD plot users.

1

CARD G . PLOT SUBSPACE (6 entries)
XMIN, XMAX, YMIN, YMAX, ZMIN, and ZMAX

. The coordinates of these entries should be in absolute universe or level 0 space
,

for combinatorial MARS geometry.

)

t
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F12.3.3
' |

...For KENO-IV geometry the coordinates should be relative to the dimensions|

external to the CORE BDY card. If the problem has an array but no CORE
BDY card, then assume a coordinate system whose origin is 0,0,0 at the
lower left. hand corner of the lattice array.

CARD H ... PLOT VIEWPOINT.. (3 entries)
...VX(1), VX(2), VX(3)

!

Same coordinates as PLOT SUBSPACE BOUNDARY (see CARD G above)
_ _

Must be a large distance from the plot volume subspace to prevent plot
distortion. It cannot be insule of the plot volume.

| . The viewpoint must be insule of defined space, unless the geometry input is

|
strictly KENO-IV.

| EXAMPLE: 8500.0 6500.0 5000.0
CARDI ZONE TRANSPARENCY ARRAY INPUT....

.

IVS array

| (number of entries depends on IP(20) entry on CARD A)
;
'

ENTER 0 - TRANSPARENT ZONE VISIBLE BOUNDARIES

ENTER 1 - NONTRANSPARENT ZONE VISIBLE BOUNDARIES

ENTER 2 - INVISIBLE BOUNDARIES TRANSPARENT ZONE

h (Any lines bordering an INVISIBLE ZONE will not be drawn)

CARDJ .(Entries required is number of arrays + 1)
IAR array

01 ARRAY CONTROL (1 entry per array)
0 - DRAW the array

...! - SKIP the array

0-2 . Depth of geometric nesting to draw...
...(i.e.,0, I, 2, or 3 level of geometry to draw)

CARD K (2 entries)(Required if NVEW * 1)

,IPS - For next plot do you wish to rerced CARD E, F, and G
0-NO
I - YES
II - For next plot do you wish to reread CARD I and J
0-NO
I - YES

.

For each additional plot enter CARD K, optionally CARDS E, F, and G depending on IPS, CARD
H, and optionally CARDS I and J depending on II. This allows the user to generate consecutive
P ots changing transparency data, viewpoint, plot space, title card, arrays plotted, and depth of nest-l

i

ing plotted. Data not reread remains as set by the previous plot parameters.
s

, # i e
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Table F12.3.1. Debug Print Messages From JUNEBUG-II

Subroutine
Value of Printing

ISPR Message Message

>=2 ART DATA GENERATED FOR BODY NO.
IN UNIVERSE POSITION

OF ARRAY NO. _
IN LEVEL NO._

>=2 ART DATA GENERATED FOR BODY NO.
IN LEVEL-

>=1 DRAW Calls XREF to edit MLU and
MDM arrays.

; >=2 PLANE DATA GENERATED FOR BODY _
''

SIDE _ _ _ FROM _ TO _ .

-

-1 DRIVER Calls ZEXITS to print the
zone transfer summary tables.

!

>=2 RCS DATA GENERATED FOR BODY f -
. SURFACEf -
i
j >=2 SCAN BODY _ SIDE _ INTERSECTS (,]~
j WITH BODY _ SIDE _ -

>=2 SIGHT Calls TABE to print table of,.

adjacent zone pairs.

>=2 SIGHT Prints variables L,XQ(L),
YP(L),ZP(L).

j (only if IST-3)
1:

>=5 ZRAY IN ZRAY * MM,IST,IZBOD,IXBOD,
LL,KLOOP, LOOP,ISRP,ISPR _

e

r

>=5 ZRAY IN ZRAY THE 3-D PLOTTING
~ ARRAY COORDINATES ARE

____

i >=2 ZRAY Calls TABE to print table of
| adjacent zone pairs.

t

4

A
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F12.4 PROGRAM FLOW

JUNEBUG.II's logic flow is shown in Fig. F12.4.1. This section is intended to convey to the
i user the broad logic flow of JUNEBUG-II without a detailed description of the array structure util-

ized in data storage or an in-depth discussion of individual subroutine flow. The following discus-
sion attempts to explain the program flow given in Fig. F12.4.1.-

MAIN is the entry point for program execution. It calls MESAGE to print out the banner
page on the output. JUNEBUG-II reads the first card of data, and then calls ALOCAT, which

'

determines the amount of computer memory available for data storage. It passes the first word of
this space and the length of the space to DRIVER. This subroutine acts as the controlling driver of

4

- the program for the remamdae of the execution. DRIVER first calls the combinatorial input
routine JOMIN which calls JOMINI, JOMIN2, and AZIP to set up the geometry data storage. If
the problem input is KENO-IV format, JOMICK is called before JOMIN. The JOMICK routine

; translates the KENO input into combinatorial say and writes a binary data file which is read
by JOMIN2 when JOMIN is called. DSET is called from DRIVER to read the body data arrays.
These arrays determine whether a body is to be drawn or not, and whether intersections with the

? body are to be checked. These arrays may be defaulted, in which case DSET calls ODBOD. This
completes the input processing and array setup.

1

The following discussion is performed for each universe until all universes have been processed.
!

I DRIVER calls SETUP which calls BOOK. This constructs the direct access arrays for check-
ing for body intersections. A table is composed for all possible bodies which may intersect a given,

L body in a given universe. This list is used later in SCAN for checking for body intersections.
DRIVER then calls FLOW which calls DRAW. DRAW calls the body subroutines which generate

,

the points for the bodies in the universe being drawn. Each of the body routines for the planar
O bodies, ARB, BOX, WEDGE, RPP call Subroutine PLANE. Spheres and RCC's are generated by

RCS. RCS and PLANE generate the points for the body lines and call SCAN for intersection
.

checks. SCAN, RCS, and PLANE call SIGHT to check and store the points for the individual
bodies in each universe for final processing by ART and ZRAY. If boundaries are not tested

; across universe b>rders (variable ISRP is zero) then SIGHT calls G1 and verifies each point passed

1 is on an input rme border and is part of a body referenced in an adjacent zone description.
1 DRIVER repero the calls to SETUP and FLOW until points for all bodies in all universes have
'

been generated. SIGHT saves the processed points on a sequential access file. This completes the
universe processing. Next comes the wrap.up of the universe data and the actual plot generation.

"

DRIVER calls MOW which assimilates all the body data generated for each universe and
places this data on a direct access scratch file for use by ART. It constructs directory tables for
later use by ART. These tables describe the contents of each direct access record grouped by uni-

,

verse and body in the universe. i

:
.

I DISSPLA graph initialization subroutines are then called in DRIVER. GRAFIT, DSET, and
f. . ART are then called for each viewpoint. GRAFIT reads the graph title card and the viewpoint.
; DSET reads the transparency array for each plot. ART calls ZRAY and actually constructs the
e plot from the geometry input and the lattice array descriptions. ZRAY determines if each point on

a line is visible from the viewpoint and if the point is located on a zone boundary. This is similar to
,

the process used in SIGHT. In ZRAY if ISRP is I, then array boundaries are checked between ;

universes. . In SIGHT, when ISRP is zero, input boundaries are checked inside a single universe. ;

ZRAY calls CURVND which calls CURV3D to process the points before passing them to DISS- i

PLA to be drawn. CURV3D takes the 3-D points and generates a 2 D plot. This is the " guts' of
the plotting operation. The criteria in ZRAY for plotting a point is the same as in SIGHT. The
points must meet the criteria for drawing a line a described earlier in Sect. F12.2. They must be

,

on an input zone boundary and must be part of a body referenced in an adjacent code zone descrip-
tion. ZRAY checks across universe boundaries, as contrasted to SIGHT which checks across input
zone boundaries inside the same universe.

F12.4.1
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JUNEBUG MARS,

ROUTINES ROUTINES

JOMIN
JOMINI

MAIN JOMIN2 Input Processing ~ Read Control Input
JOMICK GENI and * Store Geometry Data
DRIVER AZIP Array Setup * Store Array Data
DSET FINEFI
ODBOD SAZAR

SETUP
'

BOOK
FLOW
DRAW Build Body Intersection

'

ARB Table
I G

Loop Over All Universes
! enerate Body BoundaryRCS

PointsBOX LOOKZ
WEDGE G1 Generate Points for All eScan Each Body for

g Intersectio,nsi RPP GG Bodies in Each Universe
h, CHEK Verify and Store Points

|! SORCER on Scratch File

j XREF by Universe h
SCAN
SIGHT
XCHEK

,

Y
, Retrieve Points from-

Process Points by Scratch File

f MOW Universe into a + Construct Universe
p Direct Access File Record Directory

h MOW all Points into a
L Direct Access File

h l
'

| Plot Initishzation -

i
I Y Retrieve Universe Dataf
(j GRAFIT Loop through Arrays from D.A.

] ART CALI All Levels + Generate Absolute
| ZRAY PILOT Generate Plot Coordinates

Verify and Plot Points-

4

|| CURV3D
Generates 3D DISSPLA

]Plot

Fig. F12.4.1. JUNEBUG-II Program Flow

!.
| '.
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C F12.5 SUBROUTINE DESCRIPTION

The following is a brief description of each of the JUNEBUG-II subroutines. The MARS sub-
routines are described in Sect. M9.D.

ARB

ARB is called from DRAW. It generates the points for the arbitrary polyhedron by calling
PLANE for each side of the body.

i,
; ART

ART loops over the geometry description and generates the 3-D plot by calling ZRAY. It is
called from DRIVER and obtains the plot points from direct access files sorted by universe. The
points passed to ZRAY are absolute coordinates. ART performs coordinate translation utilizing a
nesting table by calling CLEV.

BOOK

BOOK is called from SETUP. It generates a table of possible bodies which may intersect a,
''

given body in a particular universe. The table generated is the MLU array or Master Look-Up
array used in SCAN for checking for body intersections. The MLU array points to the MDM
array, the Master Data Management array containing the actual side and body table of
intersections.

j BOUND

!.
h BOUND is called from SIGHT and ZRAY to determine if the points to be drawn are part of a

body used in an adjacent zone description. All points generated and passed throughout
JUNEBUG-II are associated with a given body number. Points for body outlines have only one
body associated with them, while points generated by body intersections have two bodies associated
with them.

] BOX

'

BOX is called from DRAW to generate points fcr BOX bodies. It calls PLANE for each side
of a BOX. A BOX is a body type which contains six orthogonal sides arbitrarily positioned in
space.

CHEK

CHEK is called from DRAW. It sets flags ~in the MDM array not to check for intersections on
bodies already scanned and determined not to intersect.

.

: CIRCLE

CIRCLE is called from RCS and generates points on a circle parallel to the X-Y coordinate
plane. The points are later rotated to their true position in space. Circular points are needed for
cylinders and spheres.

-,

F12.5.1
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m

CROSS
'S
'ICROSS is used extensively for calculating the cross product of two vectors. It has several entry

points to compute vector addition (VADD), subtraction (VDIF), and the dot product of two vectors
(DOT).

CURVND

CURVND sets up arrays to be plotted and calls the DISSPLA routine CURV3D for plotting
these three-dimensional data.

DRAW

! DRAW is called from FLOW. It controls the looping over all bodies referenced in a given uni-
,

verse as prescribed in the MLU array. It calls ARB, RCS, BOX, WEDGE, RPP, CHEK,
SORCER, and XREF.e

)

DRIVER'

DRIVER is the controlling routine in JUNEBUG-II. It controls the entire program flow logic.
It calls JOMIN which calls JOMINI, JOMIN2, and AZIP or JOMlCK to read in the geometry
data. It calls SETUP and FLOW to generate points for each universe. It calls MOW to process

F the points by universe for later retrieval by ART. It calls COMPRS, and BGNPL for DISSPLA
plot initialization. It calls GRAFIT and ART for each plot to be generated. The entire program
flow is organized in this subroutine.

:

.}DSET

DSET is ca!!ad in two places by DRIVER. The subroutine is in two parts. The first part reads
in the body plot and body intersection input array or calls ODBOD to default the input. The sec-
ond part reads in the ARRAY plot or skip array and the depth of nesting array.
ELLIPS4

4

I ELLIPS generates points for an elliptical circle. At present the ellipse body type is not imple-

| mented; if it were, ELLIPS would be called by RCS. This subroutine is not called by any routine
in this version of JUNEBUG.II.-

} FLOW

| FLOW is called from DRIVER. It calls DRAW. This routine mainly sets array pointers for
J calling DRAW.

~

G

) GRAFIT

; GRAFIT is called by DRIVER. It reads the dimensions for the plot subspace, XMIN, XMAX,
f, YMIN, YMAX, ZMIN, and ZMAX and it reads the viewpoint coordinates, VX(1), VX(2), and

- VX(3). It calls DISSPLA routines PAGE, TITL3D, AXES 3D, VUABS, and GRAF3D.

,
INLIST

1
INLIST may be called to give a printout of the card image input. Not currently called. If

JUNEBUG is run under SCALE, the data are already printed out. ]
:

I"
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F12.5.3

JOMICK

This routine translates KENO-IV data to combinatorial geometry data and writes the resulting
data on a scratch file in the format required by JOMIN2.

1
'

I LINBRK
L |

LINBRK is a utility routine called by many subroutines in JUNEBUG-II. Given the coordi- |

nates for two points, it generates a set of coordmates for points at equal intervals between the two
end points. Furthermore, it computes the distance between the two points and the direction cosines
of the vector from the first point to the second point. It calls PLACE to verify both points are
within the plot subspace.

MAIN

This is the entry point for execution. 'Ihe first card of input with the control parameters is read
and printed out by this routine. The routine calls ALOCAT, which in turn calls DRIVER.

MOW -

MOW is called from DRIVER. It reads the sequential file containing point data for each body
in each universe and writes this data onto a direct access file for use by ART. It constructs a
directory for ART showing which records contain the data for a given universe.

MPACK

MPACK is a utility routine which packs an array of integers into a single integer word.

' ODBOD

ODBOD is called by DSET to default the body draw / skip array and the body intersect array.
Body not drawn by default are reference bodies for universes and reference bodies for arrays.

,

i PLACE
1

I PLACE is called from SIGHT. It determines if a point is inside the reference body of a uni-
verse. If the point is external to an array, it is discarded. This is important for properly drawing
universes modeled with bodies which extend beyond the universe reference body.

PLANE
4

PLANE controls the drawing and scanning of planar surfaces. It is called by RPP, WEDGE,
ARB, and BOX. It calls LINBRK, PSET, SCAN, SIGHT, and UNPACK.

,

i
i PSET

! PSET is a utility routine called by many routines in JUNEBUG-IL It takes coordinates in
. three arrays and constructs a single array of coordmates or it can perform the reverse operation. j

RCS
,

RCS is called by DRAW for body types RCC, SPH, REC, TRC, and ELL Only the RCC
and SPH are implemented in the present version of JUNEBUG-IL

. _ ,
,

, - , - - - - - - .



.

. F12.5.4

RISK
1.

'

RISK is called from ART to translate coordinates defined on geometry level NL1 to geometry
level NL2 using the nesting table stored in array LP. This translation is from a global coordinate ,

'to a local coordinate system. NL2 must be greater than or equa: to NLt. Because RISK is also
used in other codes that use the MARS geometry, it is packaged with i4ARS.

ROTATE.

ROTATE is called from RCS to perform a coordmate rotation and translation given a rota-
,

tional matrix and a translation coordinate. "Ihe routine can translate a coorthaste from a nonro-a

tated coordinate system into a rotated coordinate system or perform the reverse operation.>

7
RPP

.

RPP is called from DRAW to generate the points for the RPP body type. It calls PLANE for
J each side of the RPP.

'.:
SCAN.

SCAN is called from PLANE and RCS to compute intersections between bodies. The intersec-
tion points are passed to SIGHT for ultimate disposal. SCAN calls the combinatorial routine GG
to compute body intersections.

4

SETUP
t

SETUP is called by DRIVER. It calls BOOK to set up the possible body intersection table for h'
] each body referenced in a given universe. It constructs the MLU table and computes the maximum
j length of the MDM array.

SIGHT
!

i SIGIIT is called from PLANE, RCS, and SCAN. It processes points generated from body
i data and from intersection data. It will optionally test points for belonging to a valid line. It calls
! LOOKZ and Gl. The points are written out on a sequential file for retrieval by MOW.
.

P TABE
O
y TABE is called from SIGHT and ZRAY. It determines if points related to a given body are

valid zone boundary points. It compares the body descriptions of the adjacent zones to determine ify
' the body is referenced. If the body is not referenced, the points are eliminated.

~

.

,

i TANT
h

TANT computes the tangents on a cylinder from an arbitrary vwwpomt. It makes extensive use
''

of subroutine CROSS and its entries.
!

UNPACK'

UNPACK is a utility routine, which unpacks a packed integer,
i

|

,

. - s .. ,. ,- , . ~ , . _ . ..-
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WEDGE

WEDGE is called from DRAW to generate points for WEDGE body types. It calls PLANE
for each side of the wedge.

XCHEK
XCHEK is called from SCAN to record body side intersection correspondence and to retrieve

the information to prevent recomputing intersections previously computed.

XREF

- XREF is called from DRAW to optionally print out the MLU and MDM arrays. These arrays
contain the final intersection table generated by XCHEK during body scanning.

ZRAY

ZRAY is called from ART. It pracesses data points similar to subroutine SIGHT. ZRAY
works in absolute global coordinants and calls CURVND which makes the only call to the DISS-
PLA subroutine CURV3D for plotting the three-dimensional combinatorial MARS geometry.

1
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F12.6 SAMPLE PROBLEMS

Six examples of JUNEBUG-II input using Combinatorial MARS Input are presented in
Sect. M9 of the SCALE document. These examples illustrate isometric drawings of simpic com-

e binatorial geometry and more complicated MARS array geometry.

This section contains as illustration of a KENO.IV Model examined with JUNEBUG-IL.

Because of the relative simplicity and limitations of KENO.IV geometry, it requires the least
amount of additional input for a good drawing. The model pressated in Fig. F12.6.1 is the "4
Aqueous and 4 Metal * Problem given la Sample Probleat 19 of the KENO-IV Manual (ORNL- i

4938 or Sect. F5). The sample problem input and output are given in Fig. Fl2.6.2. The
JUNEBUG-II input is described below.

Card No. Description
.

- 1 JUNEBUG II Control Parameters*

2 KENO-IV Title Card
3-19 KENO-IV Mixed Box Region Cards
.20 Array Size Description

21 22 KENO Mixed Box Orientation Cards
I 23 Default Body / Draw / Scan Input

24 Generate ! Drawing ;

25 Plot Title Card'

| 26 PlotSize !

i 27 Dimaassons Plotted
j pd 28 Plot Viewpoint
! 29 Transparency Input
I 30 Array Draw Control

The geometry input for the array size specification and array content is given in the MARS
Input Description, Sects. M9.A.8 and M9.A.9. This sample problem ran approximately 33% fas. -

Iter with JUNEBUG-II than it did with JUNEBUG. "Ihe core storage required was also slightly-

! less. In complicated geometries with many bodies and zones the number of I/O requests may be up
i to 20% less with JUNEBUG II; and since the sias of one of the large arrays has been reduced by

I approximately a factor of 7, the core storage reduction is significant.

!
*

4

.

' e
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-JUNEBUG
5 50 5 502001-10.50.2

4 AQUEOUS 4 METAL
BOX TYPE I
CYLINDER 2 9.525 8.89 -8.89 16'0.5
CYLINDER 3 10.16 9.525 -9.525 16*0.5
CUBOID 0 10 875 -10.875 10.875 -10.875 10.21 -10.24 16*0 5
BOX TYPE 2
CYLINDER I 5.748 5.3825 -5.3825 I6'0.5
CUBOID 0 6.59 -15.16 6.59 -15.16 6.225 -I4.255 16*0.5
BOX TYPE 3
CYLINDER I 5.748 5.3825 -5.3825 16'0.5,

CUBOID 0 6.59 -15.16 15.16 -6.59 6.225 -14.255 16'0.5,

BOX TYPE 4
CYLINDER 1 5.748 5.3825 -5.3825 16*0.5
CUBJID 0 6.59 -15.16 6.59 -15.16 14.255 -6.225 16*0.5 2!

.

BOX TYPE 5 $
CYLINDER I 5.748 5.3825 -5.3825 16*0.5 L

1

CUBOID 0 6.59 -15.16 15.16 -6.59 14.255 -6.225 16*0.5
DONE

- 22201
13R21211210 2 9Rl 0 3 3Rl 2 213R10 4 6R12 210
5 3RI 2 2 I 2 2 I I
-I
I

4 AQUEOUS 4 METALS
10.0 7.5

-10.0 60.0 -10.0 60.0 -10.0 60.0
-8500.0 4500.0 7000.0
1II
O2
END

,

F12.6.2 Sampic Problem Computer Input and Output

i
.
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..... .ee..
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JUhEBUG ISOMETRIC GEOMETRY DISPLAY

STRAIGNT LINE BRBOLUT. / FACTORS
MINIMUM INCREMENTS 5
SEAXIMUM INCPENENTS 50
SEGMENT SIEE FACTOR 0.5000

CIRCULAR RESOLUTION FACTORS'

MINIMUM INCREMENTS 5,
- MAXIMUM INCREMENTS 50

SEGMENT SIEE FACTOR 0.2GtG
,.

* TRANSPARENCY DATA ;o-44J'?/1-CODE /2-MEDIA) 2

aROUNDARY TEST (0-UNIVERER/8-ARRAY 3 0 _r:
e'

BRROR FLAG 40-BXIT ON ERMOR/1-CONTINUE 3 0 phi

, , < . m.

_

f0 COMJOM/1-EENO IV) 1GEOMETRY TYPE
7

DEBUG PRINT LEVEL -1
.,+

DRIVER CALLING JOMIN
,

Fig. Fl2.6.2 (Cont)
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OPTION 0 NAS USED IN CALCULATING VOLUMES, FOR 1 REGIONS
0-SET VOLUMES = 1, 1-CONCENTRIC SPNEBES, 2-SLA38, 3-INPUTVOLUMES.

, VOLUMES i CC 3 USED IN COLLISIONS DENSITY AND TRACK LENGTN ESTINATORS.
REG 1 %

VOLUME 1.000D,00

ARRAY NO. 1 ARRAY SISE IS 2 BY 2 3Y 2

i

LEVEL 1 OF ARRAY NO. 1

I= 1 2
Y

2 3 1
1

; 1 2 1
!

i
~ '

LEVEL 2 OF ARRAY NO. 1 ' Tl'

HX= 1 2
Y

*m
* O

2 5 1

1 4 1

UNIVERSE SPECIFICATIONS
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M2.2.69 YREAD
I

CALLING SEQUENCE:

CALL YREAD (DD,LD, LIM,IT,LERR) |

FUNCTION:

YREAD is used to read an array using the free-form reading package
while allowing interpolation, filling, skipping, multiple repeats,
and arbitrary indexing.

3

(See Section M3 for a more complete description.)

ARGUMENTS:

DD,LD is the array to be read. DD is used for floating point nua-
.bers and LD for integers.

LIM is the number of entries in the array.
IT selects what kind of data are being read.

IT=0 selects integers.
IT=1 selects single precision floating point numbers.
ITs2 selecta double precision floating point numbers.

LERR logical flag which is set true if an attempt is made to store |
data outside the DD or LD array.

( .1 SUBROUTINES:-

.s

DREAD,AREAD

<

C0!910NS:

UNIT,QRDBUF

LANGUAGE:

FORTRAN

*
+

L

e
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M2.2.74
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\

M2.2.70 YOPACK D*

CALLING SEQUENCE:

WORDsYOPACK(WORD, CHAR,I)

FUNCTION:
.

YOPACK is used to insert a character into a word at an arbitrary
character position.

ARGUMENTS:

WORD is the word into which the character will be inserted.
1 CHAR is the character to be inserted.
.| I is the character position in WORD at which CHAR will be inserted.

LANGUAGE:

FORTRAN

'

'

,

"

.

4

F

,

i
:

.1
,

* P

t
'

.

l
::

I

.

y

'. .

' . _

!

[ , . -. - ,

.

. , . - - . . . , . .-_-r-. .,y - ..---_._..,,,nc.--.-,,_.,y--, - . w - _ - .__, _,. - , .,, .~4 _. _q



. _ .

.

'

+

. NUREG/CR-0200'

'

Volume 3, Section M6
ORNL/NUREX1/CSD-2/V3/R2

.

COMPUTING AND TELECOMg!NICATIONS DIVISION
at

Oak Ridge National Laboratory
Post Office Box I

Oak Ridge, Tennessee 37830

>

ORIGEN-S DATA LIBRARIES

J. C. Ryman

Manuscript Completed: Febsvary 1983
/M Date Published: June 1983
~'

Date Revised: December 1984 .

|
.

Prepared for the
Office of Nuclear Material Safety and Safeguards

U. S. Nuclear Regulatory Commission,
'

Washington, DC 20555
under Interagency Agreement DOE 40-549-75

NRC FIN No. B-0009

Martin Marietta Energy Systems, Inc.
,

operating the
! Oak Ridge National Laboratory Oak Ridge Y-12 Plant

Oak Ridge Gaseous DifA:sion Plant Paducah Gaseous Diffusion Plant
under Contract No. DE-AC05-840R21400

for the
DEPARTMENT OF ENERGY

i
.-

9

i

'
*

_ _ _ . _ , _ . _ . _ _ . - _ - - - - - - - - --- ~ - - - -



. . . - . . - . . - - . - . . . _ - -- _. . .

.

1

Redsed 12/84

^

LIST OF TABLES
i, ,

|a

24g1

Table M6.2.1 Units of Half-Life Indicated by the

Variable IU . . . . . . . . . . . .-. . . . . . . . M6.2.2
"

i Table M6.2.2 Definitions of Branching Fraction Variables . . M6.2 3. .

Table M6.2 3 Definitions of Nuclear Data Variables in Light
Element Libraries for a Thermal Reactor . . W .2.5. . . .

Table M6.2.4 Reactor Type as a Function of Variable IT . . . . . M6.2.6 !'
Table M6.2.5 Definitions of Spectral Indices for Thermal-

Reactors . . . . . . . . . . . . . . . . . . . . . . M6.2.7

$ Table W .2.6 Definitions of Nuclear Data Variables in ths
Actinide Library for a Thermal Reactor . . . . . . . M6.2.8*

Table W .2.7 Fissionable Nuolides Having Yield Data . . . . . . . M6.2.10
Table M6.2.8 Sources of Half-Lives, Recoverable Energies,

Gamma Energies, and Branching Fractions . . . . . . M6.2.16'

Table M6.2.9 Explanation of Key Numbers Referring to Sources
of Decay Data . . . . . . . . . . . . . . . . . . . M6.2.45

Table M6.3 1 Group Structures for original Photon Yield
Libraries . . . . . . . . . . . . . . . . . . . . . M6.3 1

' ' Table M6.3 2 Group Structures for ORIGEN-S Photon Yield
Libraries . . . . . . . . . . . . . . . . . . . . . M6.3 2;

; Table M6.3 3 FORMATS for Original Photon Yield Libraries . . M6.3.4. .

Table W .3.4 FORMATS for Current ORIGEN-S Photon YieldO Libraries . . M6.3.4
'

.... ............ . . .
'

Table W .7.1 Data in First Record of Binary Data Library . . M6.7.2. .e
Table M6.7.2 Structure of Binary Data Library . . . . . . . M6.7.3. . .

i Table M6.7.3 Initial Uranium Composition of Typical PWR

t, Assembly . . . . . . . . . . . . . . . . . . . . . .M6.7.10l
Table M6.7.4 Nuclides with Updated Cross Sections in Typical (

l PWR Libraries . . . . . . . . . . . . . . . . . . . M6 .7 .10 | '
( Table M6.8.1 DCB Parameters for ORIGEN-S Library Data Sets

at ORNL . . . . . . . . . . . . . . . . . . . . . . M6.8.1..

Table M6.8.2 Card-image ORIGEN-S Libraries at ORNL , . . . . . . M6.8.2*

Table M6.8.3 Some Binary ORIGEN-S Libraries at ORNL . . . . . . . M6.8.3
!

a

1 .

:'
4

te

.e

i .

t

a

i
e

! M6.v
!

;

w ,- -. . - - - - , . . . - - - - - , . - , . - . . , - - - - - . , - , -. - . - . , , . . . . - , ..,-.-.n.- . - . , , . . ~ , ,



-. - - - ... - - ._. - _

.

1

-
Revised 12/84

.

ACKNOWLEDGMENTS

The updating and description of the ORIGEN-S libraries could not
have been accomplished without the advice, assistance, and encouragement- .

df O. W. Hermann, who deserves much of the credit for this work.

Special thanks are due to A. G. Croff and C. W. Alexander of the
ORNL Chemical Technology Division, who provided the.ORNL Master Photon
Data Base and auch of the decay data. K.'P. Eckerman and S. B. Watson'

also provided a portion of the decay data. The author is grateful to M.
,

; A. Bjerke and R. W. Roussin for their help in accessing the ENDF/S-Y
'

decay data.
,

The author would like to acknowledge M. J. Bell, who developed the
original ORIGEN libraries, and C. W. Kee, G. W. Morrison, and R. E.-

Schenter, who developed the big light element and/or fission product '
,

libraries for ORIGEN.

Many colleagues at ORNL provided helpful suggestions and advice.
i In particular, the author would like to thank L. M. Petrie. J. P.
! Renier, and N. M. Greene. He would like to acknowledge the

| encouragement and supervision provided by G. E. Whitesides, R. M.
~

|' Westfall, and especially C. V. Parks. He is further indebted to 0. W.
j
h

- Hermann and C. Y. Parks for their review of the manuscript.
,

.

At the U. S. Nuclear Regulatory Commission, the author would like
to thank R. H. Odegaarden and other staff members for sponsoring and

I. directing the development of ORIGEN-S. Special thanks are also due to
P. Worthington and others of the USNRC Division of Engineering
Technology for sponsoring the updating of the card-image nuclear data
libraries.

The author gratefully thanks R. J. Patton and L. Norris for care-
fully preparing the drafts, final manuscript, and revisions.

r

n
~

li

,

.

..
.

M.6.vii
'

s
,

|
.

- _ _ - - _ _ _ _ _ . _ _ _ _ _ _ . _ . _ _ _ , _ _ _ - . _ . _ - _ . _
_ . . . _ _ _ _ _ _ _ _ _ . . ~ . _ _ _ _ , . _ _ . _ _ _ _ _ _ _ _ , _ _ _ .-

_



- .~ . _- _. _ _ . _ . - . - . - . - - .

|

,e '. '

:

| Revised 12/84
i

M6.4 DATA PROGRAMMED INTO ORIGEN-S AND COUPLE

,

Several items of nuclear data are programmed directly into ORIGEW S |
| and -COUPLE. Descriptions of these data are presented here. Although ,

'

these data are not part of the ORIGEb3 libraries, the user may on occa-
sion wish to change these data or to understand explicitly how they are
used.

The arrays EACTGP and EGROUP are defined by DATA statements in
subroutine FLIDIM in ORIGEb 3 and in subroutine CARDIM in COUPLE. The
array EACTGP contains the average energies of the 18 groups in the

'

original card-image actinide photon yield library. The array EGROUP
'

contains the average energies of the 12 groups in the original card-
~

image light element and fission product photon yield libraries. These :+

lare the average energies of Table M6.3.1. It should be noted that the
i arrays EACTGP, EGROUP, and EFPGRP can be read as input data in the 368,
i 37e and 39e arrays of ORIGEW S (Sect. F7.6.10) or COUPLE (Sect.

F6.5.8). When read as input data, these arrays contain the energy group

| boundaries (Agt the average group energies) for the card-image light
i element, actinide, and fission product photon yield libraries. These

data sioald be read in.galy,when the user has made his own card-image:

| photon yield libraries to be read using the criminal ORIGEN library
FORMATS of Table M6.3.3, and then saly. it different energy group.

*
- boundaries have been used. These data should agg,be read when photon-

.
h., yield libraries with the new ORIGEb 3 variable FORMATS are used.

?

k A number of data in the ORIGEN-S COMMON /SPECDT/ are defined by DATA
; statements in a Block Data subroutine of ORIGEN-S. These data, used in

the calculation of spontaneous fission and (a,n) neutron sources (Sect.
F7.2.8), are described below in their order of appearance in the COMMON

.| block. These same data are also defined for the SA32 COMMON /SPECDT/ in a
,

| Block Data subroutine of the SA32 control module (Sect. 32.2.7) .

[ (1) The variable NGAL is the numbw of energy groups in which
neutron spectra data are provided for (a,n) neutron sources due to
2i+ 2Cs, 244Cs, and Pu.238

1

(2) The variable NGSP is the , number of energy groups in which
! neutron spectra data are provided for spontaneous fission neutron !

[ sources from Ca and 244242 Ca. i
,

f (3) The array GRPAL contains the energy gro'up boundaries (MeV) for
[, neutron spectra from (a,n) reactions.
4

i (4) The array GRPSP contains the energy group. boundaries (HeV) for
[ neutron spectra from spontaneous fission.

(5) The array SA38 contains the neutron spectrum from (a,n) reac-'

,

._
tions due to alpha decays in 238Pu. I 1"

''

i ,

! M6.4.1
i

#

!
, . .
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'

(6) The array SA42 contains the neutron spectrum from (a,n) reac- 'T
242tions due to alpha decays in Ca.

|

(7) The array SA44 contains the neutron spectrum from (a,n) reac-
244Ca.tions due to alpha decays in

|
' (8) The array 3342 contains the neutron spectrum from spontaneous

fission of 242Ca.
t.

'

(9) The array SS44 contains the neutron spectrum from spontaneous
fission of 244Ca. ;,

:
(10) The array EALPH contains the mean alpha energies (MeV) for

those actinides which decay by alpha emission.

9
> (11) The array FA contains the alpha decay branching fractions

for the actinides.
,

' (12) The array SPONU contains the values of the spontaneous fis-
9 sion yield v ** " *" "'* """* * **SF'
b (13) The array HALFSP contains spontaneous fission half-lives
I (years) for a number of actinides.

| (14) The array AEK contains data for an empirical formula used
to estimate the spontaneous fission yield for those actinides having no
seasured value of v

SF*

p The array MSRS' in subroutine FLIDI1 in ORIGEN-3, and in subroutine
j CARDIM in COUPLg, contains the identification numbers of the fissionable
N nuolidea which have fission product yield data in the card-image nuclear
i data libraries (Table M6.2.7).
t

'| There are a number of arrays defined by DATA stittements in
j subroutine POWERF in ORIGEN-S which contain data used to compute the

recoverable energy (MeV per fission) for converting power to flux. tg

/ The array IDL contains the identification numbers of ten light
element nuclides having values of recoverable energy per neutron capture

, ,

in the array QCLIT. The array QNFISS contains values of recoverable
y, energy per (n, fission) ieaction for 30 actinides whose identification

p numbers are given in array IDA. The array QCACT contains values of
j recoverable energy per neutron capture for the same 30 actinides. The
p. array IDF has identification numbers for 30 fission products whose
d values of recoverable energy per neutron capture are given in the array
j QCFPR. The recoverable energy values in arrays QCLIT, QCACT, QNFISS,

and QCFPR were taken primarily from ENDF.5,23 The recoverable energy
per neutron capture is assumed to be 5.0 MeV for all nuolides for which

{ data are not given in the DATA statements. |

P
.)'

.

I
|
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Table M6.7.1 (Cont.)

Variable Name Description

THERM Thermal group flux weighting factor.
RES Resonance group flux weighting factor.
FAST Fast group flux weighting factor.
ERR Truncation error limit below which values computed by

ORIGEN-S are considered to be zero.,,
IDREFS ID number of nuclide in AMPX weighted cross section

library containing the weighting spectrum used to.

obtain ,the flux weighting factors THERM, RES, and
FAST.

NEWID ID number of binary data library.

A summary description of the data in all the records of a binary data
library is given in Table M6.7.2. Most of these data have been
described in earlier sections of this report.

Table H6.7.2 Structure of Binary Data Library
)
! C)
|

Record Length * Array Description'*

1 20 Header information of Table M6.7.1.-

- 2 20*NTIT TITLE Title cards containing descriptive
information.,

3 NFISO NUCFIS ID numbers of fissionable nuclides
having fission product yields.

4 3*NFISO SIGFIS Three-group fission cross sections for
nuclides in NUCFIS array in the order'
((SIGFIS(N,I),N=1,3),I=1,NFISO).

5 ITOT NUCL ID numbers for all nuclides in library.
6 ITOT .KD' KD(I) is the number of parents for pro-

duction of nuclide I by decay transi-
tions.'

j 7 ITOT NONO" NON0(I) is the total number of parents
- for nuclide I.' 8 NON LOC" LOC (J) is the position in array NUCL of
'

the parent of the transition stored in
position J of the compressed transition
matrix A.

9 NON A$ Compressed transition matrix for thermal
group neutron capture transitions.'

10 ITOT TOCAPf- Thermal group total capture cross sections.

.

-
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Table M6.7.2 (Cont.)
,

...

Record Length" Array Description

_

11 IACT FISSi Thermal group fission cross sections.
'

12 ILITE+IACT GENNEUi Thermal group neutron yields, expressed as
the sua of the product of neutrons per
capture reaction times the capture cross
section for that reaction, summed over
all neutron-producing reactions.

13 NON A$ Compressed transition matrix for resonance
.

group neutron capture transitions.
~

14 ITOT TOCAPS Resonance group total capture cross sect-
tions.

! 15 IACT FISS2 Resonance group fission cross sections.
'

16 ILITE+IACT GENNEU2 Resonance group neutron yields.
17 NON A$ Compressed transition matrix for fast group,

neutron capture transitions.
I 18 ITOT TOCAPS Fast group total capture cross sections.

19 IACT FISS3 Fast group fission cross sections.,

20 ILITE+IACT GgNNEU3 Fast group neutron yields.
21 NON A Compressed transition matrix for decay

z
transitions.

22 ITOT DIS" Radioactive decay constants. C
23' NON A ,d Compressed transition matrix for effective ''

I one-group neutron capture transitions and
'

for decay transitions.

TOCAg,d Effective one-group capture cross sections.| 24' ITOT c
!

25'' IACT FISS Effective one-group fission cross sections.
d'

26 ILITE+IACT GpEU Effective one-group neutron yields.-
27 ITOT Q Recoverable energy values.

I28 ITOT FG Fractions of Q. values due to photons.
f

29 ITOT AMPC RCG values for air,
I

i 30 ITOT WMPC RCG values for water.
I

31 ILITE ABUND Natural abundances of light element nuclides.
32 IACT SPONF Values of the product of the decay constant

times the spontaneous fission branching.

fraction times Avagadro's number (no longer
used).

'

s

'

33 IACT ALPHAN Values of the product of the decay constant
times the alpha decay, branching fraction
times Avagadro's number times the number
of neutrons per alpha decay (no longer
used).

34 NENLE+1 EGROUP - Mean photon group energies (NENLE values)
for light element photon yield data,,

'
ordered from low energy to high. The

; last value is the lower energy bound of
group 1.

;,

s'

I
!

|

|
i

ie. - i *
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.

Table M6.7.2 (Cont.)

Record Length" Array Description j

35 NINAC+1 EACTGP Mean photon group energies (NENAC values) r4

for actinide photon yield data, ordered
! from low energy to high. The last value
| is the lower energy bound of group 1. '

36 NgNFP+1 EFPGRP Mean photon group energies (NENFP values)
|

for fission product photon yield data,
ordered from low energy to high. The
last value is the lower energy bound of'

I group 1.
37 NENAC SFCAMA Multigroup photon yields for gamma rays

accompanying spontaneous fission, in the<

group structure specified by EACTCP. See
? Sect. M6.4 for details.

38 NENLE*ILITE GAMGRP Multigroup light element photon yields, in
the order ((CAMGRP(N,I),N=1,NENLE),I=1,
ILITE).'

39 NENFP*IFF GFPGRP Multigroup fission product photon yields, ,

in the order ((GFPGRP(N.I),N=1,NENFP), '
2

'I=1,IFP).'

,

40 NENAC*IACT ACTGRP Multigroup actinide photon yields, in the {

g . ) order (( ACTGRP(N.I) ,N=1,NENAC) ,I=1,IACT) . f

|

" Length in single precision words.
' NTIT is the number of title cards.

"These arrays are discussed in Sect. M6.2.5.
dj Effective one-group values have been weighted with THERM, RES, and FAST.

{ " Records 23 through 26 are present only in a binary working library.
* These variables are defined in Sect. M6.2.1.

i

't
'

.
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M6.7.3 GENERATION OF SOME USEFUL LIBRARIES '
,

.

'
As an aid to the beginning user, this section presents the input

data for COUPLE, ORIGEN-S, and SAS2 cases to generate some binary data
libraries which have been useful at ORNL.

!

The first example contains back-to-back runs of COUPLE and ORIGEN-S.
The first COUPLE case converts the data in the large light element, act-

s

inide, and large fission product card-image nuclear data libraries to a
; binary working library for an LWR. The flux-weighting factors used are

THERMao.632, RES=0.333, and FAST =2.0. The card-image nuclear data and
photon yield libraries are read from logical unit 28. The binary

working library generated by this case is written on logical unit 32. |1

: The second COUPLE case reads the binary working library from logi-
cal unit 32, adds beta-delayed neutron (8,n) decay transitions for 101
fission product nuclides, and writes an updated binary working library
on logical unit 33 It also writes an updated binary master library on
logical unit 31 (for which a DD card defining a scratch unit must be

- included in the JCL), but this library is not saved.

(-
The beta (negatron) decay transitions from the ORIGEN-S card-image

nuclear data libraries include the (S,n) decay transitions. Therefore, .

L 202 pairs of instructions in the 814, 824, and 838 arrays are necessary
to add the 101 (8,n) decay transitions to the library. The 814 array p.;;

contains 101 pairs of repeated parent nuclide identification numbers. U>

' The 82$ array contains 101 corresponding pairs of daughter nuclide
identification numbers, one of which gives the negatron decay daughter,
while the other gives the (8,n) decay daughter. The 83e array has 101
pairs of corresponding decay constants (i.e., total decay constant times
the corresponding branching fractions) derived from ENDF/B-V data.23 The
total decay constant for each parent nuclide is automatically corrected
by COUPLE to reflect the changes specified by the 81$, 82$, and 838

! arrays. Since the new negatron decay constant is less than the original
by an amount equal to the (8,n) decay constant, the total decay constant
remains unchanged.

>

Addition of the (8,n) decay transitions to a binary library will
" give better predictions of the concentrations of certain fission product

nuclides and associated quantities such as afterheat power. Calculations
indicate that correctly representing the (8,n) decay transitions will

s

4 yield a calculated total.afterheat power about 2-1/2 percent lower after

! ten years decay of " typical" pressurized water reactor fuel irradiated
:, to a burnup of 33,000 mwd /MTU.

-
i

The (8,n) decay transitions have not been added to the card-image
L nuclear data libraries for two reasons. First, a new format would be

| required. Second, the integral option in ORIGEN-S (Sect. F7 2.7) will
j not work with a fission product library containing transitions which

change the mass number of the daughter nuclide from that of the parent. *

Therefore, the binary library being generated in this example cannot be

|

- , -. . .
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used with the integral option. If an attempt is made to use the int e- |
igral option with a library containing transitions with mass number

changes, subroutine INTSET in ORIGEN-S will call subroutine ERROR which,
at ORNL, generates a program ABEND (abnormal end).

The third COUPLE case generates an edit of the cross-section tr an-
sitions in the binary working library on logical unit 33

The ORIGEN-S case replaces the photon yield data in the binary |
working library with 18-group photon yields for the light elements,
actinides, and fission products. The 18-group energy boundaries are

those of Table M6.3.2. The photon yield data are read from a binary
master photon data base on logical unit 26 which includes decay gamma-
and x-rays, gamma rays accompanying spontaneous fission and (a,n)
reactions, and bremsstrahlung for a UO fuel matrix. The input binary

.
working library from COUPLE is read from logical unit 33. The final |
binary working library is written by ORIGEN-S on logical unit 35. This |;

'

library has an ID of 1104, and is known at ORNL as the Basic LWR
ORIGEN-S Binary Working Library. Details of the input data given below
can be determined by studying Sect. F6.5.8 of the COUPLE document and
Sect. F7.6.10 of the ORIGEN-S document.

= COUPLE
seeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
e e

e BASIC LWR ORIGEN-S BINARY WORKING LIBRARY--ID = 1104 *
.

V. # MADE FROM NEW CARD-IMAGE ORIGEN-S LIBRARIES ON 09/21/84 BY J.C. RYMAN *
* DATA FROM LARGE LIGHT ELEMENT, ACTINIDE, AND LARGE FISSION PRODUCT LIBRARIES *
e e

a NEUTRON FLUX SPECTRUM FACTORS THE SAME AS IN ORNL-4628 TEST CASE e

* (THERM = 0.632 -- RES = 0 333 -- FAST = 2.0) e

e e

; e ENDF/B-V BETA-DELAYED NEUTRON DECAY TRANSITIONS FOR 101 FISSION PRODUCTS *
'

e e

* PHOTON LIBRARIES USE NEW ACTINIDE 18-GROUP STRUCTURE OF 0.W. HERMANN *
'

' PHOTON DATA FROM REVISED MASTER PHOTON DATA BASE OF 01/28/82 *
e PHOTON DATA INCLUDE BREHSSTRAHLUDG FROM UO2 MATRIX e

e e

* LIBRARY STORED IN DSNAME=E.CJR20161.ORIGENS.BINRYLIB(BASICLWR) e

* '
., _

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese

(blank card)
0$$ A2 28 Er'
1$$ 2R1 All 1103 E 288 A2 0.632 0 333 2.0 E 1T
344 28 A181609 6871018219500 E 544 2 3T
3544 0 ST
(blank card)
0$$ A4 32 A6 33 E
1$$ A2 3R1 A11 1104 A16 18 E 1T
1644 0 0 202 6T

.

w ^

!
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-

81'$$ ' 3.

i 300790 300790 310790 310790 310800 310800 310810 310810 310820 310820
'

310830 310830 320830 320830 320840 320840 320850 320850 320860 320860
330840 330840 330850 330850 330860 330860 330870 330870 340870 340870.
340880 340880 340890 340890 340900 340900 340910 340910 350MO 350870
350880 350880 350890 350890 350900 350900 350910 350910 350920 350920
350930 350930 360920 360920 360930 360930 360940 360940 360950 360950
370920 370920 370930 370930 370940 370940 370950 370950 370960 370 % 0,

;. 370970 370970 370980 370980 370990 370990 380970 380970 380980 380980
380990 380990 381000 381000 390970 390970 390980 390980 390990 390990
391000 391000 401040 401040 401050 401050 411030 411030 411040 411040 1!

! 411050 411050 411060 411060 421090 421090 421100 421100 431090 431090
431100 431100 471220 471220 471230 471230 481280 481280 491270 491270

'

491280 491280 491290 491290 491300 491300 491310 491310 491320 491320>

501330 501330 501340 501340 501350 501350 511340.511340 511350 511350*

} 511360 511360 511370 511370 521360 521360 521370 521370 521380 521380
' 521390 521390 531370 531370 531380 531380 531390 531390 531400 531400

531410 531410 531420 531420 531430 531430 541410 541410 5414M 541420
541430 541430 541440 541440 551410 551410 551420 551420 551430 551430
551440 551440 551450 551450 551460 551460 551470 551470 561470 561470,

561480 561480 561490 561490 561500 561500 571470 571470 571490 571490s

571500 571500
{ 8244

310790 310780 320790 320780 320800 320790 320810 320800 320820 320810r

h 320830 320820 330830 330820 330840 330830 330850 330840 330860 330850
340840 340830 340850 340840 340860 340850 340870 340860 350870 350860 q3

'
350880 350Mo 350890 350880 350900 350890 350910 350900 360MO 360860 D'

1 360880 360MO 360890 360880 360900 360890 360910 360900 360920 360910
| 360930 360920 370920 370910 370930 370920 370940 370930 370950 370940
! 380920 380910 380930 380920 380940 380930 380950 380940 380960 380950
!, 380970 380960 380980 380970 380990 380980 390970 390960 390980 390970 :
1 390990 390980 391000 390990 400970 400960 400980' 400Mo 400990 400980 ('

401000 400990 411040 411030 411050 411040 421030 421020 421040 421030 I'

421050 421040 421060 421050 431090 431080 431100 431090 441090 441080
y 441100 441090 481220 481210 481230 481220 491280 491270 501270 501260
; 501280 501270 501290 501280 501300 501290 501310 501300 501320 501310

511330 511320 511340 511330 511350 511340 521340 521330 521350 521340-
.

', 521360 521350 521370 521360 531360 531350 531370 531360 531380 531370
531390 531380 541370 541360 541380 541370 541390 541380 541400 541390
541410 541400 541420 541410 541430 541420 551410 551400 551420'551410

$ 551430 551420 551440 551430 561410 561400 561420 561410 561430 561420
!; 561440 561430 561450 561440 561460 561450 561470 561460 571470 571460

<

p 571480 571470 571490 571480 571500 571490 581470 5814 0 581490 581480
F, 581500 581490
) 83H
3 2.1936th00 2 A39815-02 2 30703E-01 3.46575E-04 4.13719E-01'

3.84155E-03 5 35360E-01 2.81768E-02 9 12647E-01 2.426022-01
9.83827E-01 1.25214E+00 3 64196E-01 6.20187E-04 5.19862E-01
5.77625E-02 2.21843E+00 5.546085-01 2.19102h00 6.17981 E-01
2 30750E+00 3 003658-03 2.66334E-01 7.51197E-02 6.89299E-01
8.08675E-02 1.29388 b00 1.01662b00 1.23542E-01 2 35176E-04 ,,

,

J
c

. . . . . . . . , . ... . , . , . . . .
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4.59789E-01 2 31050E-03 1.60608E+00 8.45304E-02 1.44403E+00
-

; 1.78475E-01 2.02810E+00 5.39116 E-01 1.21494 E-02 2 94931E-04
3 96329E-02 2.89167E-03 1 37680E-01 2.05729E-02 3.03446E-01
8.16376 E-02 1.02933 E+00 1.25922E-01 1.50182E+00 4.23592E-01'

2.31994E+00 1.61216E+00 3 765885-01 1.24315E-04 5.26988E-01
.

1.07548E-02 3 11257E400 1.88141bO1 8.04232E-01 8.44221 E-02

1.547025-01 1.856655-05 1.166055-0,1 1.67965E-03 2 308785-01
2.67984E-02 1.66356E400 1.605195-01 2.92550E+00 4.72293E-01
2.94385E+00 1.13350E+00 5.29314E+00 1.008225 00 4.06722E+00

7.17744E-01 1 73114E+00 1 732875-03 1.06073E+00 5.65184 E-03' !
.

.

1.11597E+00 3 927855-02 1.06561E+00 5.608465-02 1.867205-01 ;
'*

y- 6.18215E-04 3 44703 bO1 1.W1505-03 4.89166 E-01 5.94128E-03 !

8.18783E-01 4.765415-02 2.69118E-01 2 963565-04 1.38734E+00
'

1 96986E-02 4.614995-01 6.00730E-04 1.43381 E-01 1.02528E-03
:

2.403745-01 7 17905E-03 6.55027bO1 3.812325-02 4.89511E-01
2.60823E-03 2.46794E-01 3 25058E-03 4.86690 E-01 8.41682E-03'

-

8.09232E-01 2 58887bO2 4.556315-01 6.46940E-03 1.69555E+00
8.17561 E-02 6.57476E-01 7.24020E-04 1.82818E-01 1.53009E-03

;

8.11150E-01 1.40280E-02 3 24649E-01 1.28240E-02 1.28965E+00
1.81788E-02 2.43444E+00 4.10939 E-02 5.53942E+00 2 36826E-01

4

i 4.71436E-01 9.43061E-05 5.53187E-01 1.13303E-01 1.51648E+00

| 1.42688E-01 6.29594E-02 5.41917E-05 3 27532E-01 5 33192E-02
; 6.50885bo1 1 94420E-01 1.16045E+00 2.90112E-01 3.61532E-02
|. 3 28334E-04 1 93686E-01 4.35694E-03 4.08958E-01 2.42602E-02
,i 1.11976E+00 7.52878bO2 2.625485-02 2.03701E-03 1.05489E-01
C 2.815925-03 2.61533E-01 2.97064 E-02 - 6.28671E-01 1.77317E-01

h 9 191775-01 5.87670E-01 2.91123 b00 5.54520 E-01 1.41709 E+00
9

3 110708-01 4.02821E-01 1.732M E-04 5.65826 E-01 2 32944E-03'

.

pp 7.13367E-01 8.66437E-03 6.25536E-01 4.59999E-03 2.78226 E-02
b 1.47538E-05 4.09369E-01 7.79281 E-04 3.83180E 01 6.23056E-03

i; 6.73761E-01 1.86963E-02 1.01035 E+00 1.64476 E-01 1.76549 E+00

0 2.731835-01 9.53036E-01 3.176798-01 3 74505E-01 2.05425E-02
!; 1.58657E-01 4.98279E-02 9.96781 E-01 2 99124E-04 7.18659 E-01

1.72893E-03 1.37937E-01 6.93150E-04 2.85533 E-01 2 33171E-03'

J 1.12918 BOO 1.07150E-02 9T
EDIT

: (blank card)
U 0$$ A4 33 E |

b 1 $$ A2 1 A5 1 A13 -1 E 1T
? DONE

|, END
s0RIGENSp

9 0$$ A4 33 A8 26 A1135 E 1T |

h (blank card)
d 384 33 43 1 A6 1 A33 18 2T

'

4T
,I 5644 A2 1 A5 2Z A13 1 A17 1 E ST

60** 1 7344 922380 7488 1 7544 2 8144 11 A3 26 1 E 8244 21i

83** 6+6 546 4.5+6 44 3 5+6 3+6 2.646 2.2+6 1.8+6 1 35+6 9+5,

4+5 2+5 1.4+5 1+5 7+4 4+4 2+4 0 6T'
.

: *
- ,

'{~
144 0 1T
END

i

i
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The second example is a SAS2 run to generate three burnup-dependent | -

binary working librarios for a " typical" pressurized water reactor (PWR)
,'

fuel assembly with a burnup of 33 GWD/MTU and the initial uranium
composition of Table M6.7.3 The irradiation history is divided.into
three cycles having 80% full power irradiation at 37.5 MW/MTU and 20%#

downtime. Updated cross sections are computed from a 27-group unit cell
calculation, at the midpoint of each irradiation cycle, for the nuclides
given in Table H6.7.4. The resonance cross section processing and unit
cell calculations are performed for the geometry and operating condi-
tions of a 17x17 PWR fuel assembly. The cross sections used in the
calculations are read from the SCALE 27-neutron-group ENDF/B-IV
shielding library (Sect. M4) on logical unit 82. The input binary

.

library is the Basic LWR ORIGEN-S Binary Working Library generated in.

{', the first example outlined above, which is read on logical unit 21. The |<

f burnup-dependent binary working libraries for cycles 1, 2, and 3 are
written on logical units 33, 34, and 35, respectively. None of theses

e libraries can be used with the integral option. Details of the SAS2

[!
method and input data requirements can be found in Sects. S2.2 and S2.5,
respectively, of the SAS2 documentation.

Table M6.7.3. Initial Uranium Couposition of
Typical PWR Assembly

Nuclide Weight Percent
,

'

1
*

h.c-
.,

; 234U 'O.029
'

.235U 3.200
236U 0.016

j 238U 56.755

)
h,/

k Table M6.7.4 Nuclides with Updated Cross Sections in Typical PWR
| Libraries
*

a,

'

13, 10B, llB, 160, 59Co, 90Sr, 89Y, 94Zr, 95Zr, 9"Nb

99Tc, 103Rh, 105Rh, 131Xe, 135Xe, 13 3Cs, 13"Cs, 137Cs, 136 Ba , 13 9 ta

3Pr, 1"3Nd, 145Nd,I"7Pm, I"9Sm, 151 Sm, 152 Sm,15 3 u, 15"Eu, 2 34 UE

2 35g, 236 g, 238g, 237Np, 238p , 239Pu, 240 Pu , 2 8+ 1 Pu, 242 Pu, 241 Am

i
243Am, 244Cm

Tie input data for this SAS2 case are given below. The last four cards
before the "END" card have no meaning for this case, but must be present
for SAS2 to execute properly. .

s
3 s

e.

- ~,- . . - .,, w
,
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.

- Table M6.8.3. Some Binary ORIGEN-S Libraries at ORNL

Mamber Name Description

BASICLWR Basic LWR ORIGEN-S Binary Working Library described in

Sect. Mi.7 3 It has (s,n) decay data for fission
products, so it cannot be used with the integral option.

BASLMFBR Basic LMFBR ORIGEN-S Binary Working Library. This.

library was converted from the large 1.ight element,,

actinide, and large fission product card-image nuclear
data libraries. It has the same (8,n) decay data and

.

photon yield data as the Basic LWR Binary Working
Library. It cannot be used with the integral option.

MAPHH20B Binary master photon library with the photon data from
.

members MPDKXGAM, MPSFANGM, MPBRH20M, and MPBRH20P of-

,

the card-image library.
,

MAPHNOBR Binary master photon library with the photon data from
members MPDKXGAM and MPSFANGM of the card-image library.

,! MAPHUO2B Binary master photon library with the photon data from
members MPDKXGAM, MPSFANGM, MPBRUO2M, and MPBRUO2P of
the card-image library.

PWR33CY1 Binary working library for cycle 1 of a " typical" PWR,

.[.s as described in Sect. M6.7 3 It cannot.be used with
-

.

'

the integral option.

PWR33CY2 Binary working library for cycle 2 of a " typical" PWR.
i It cannot be used with the integral option. |
5 PWR33CT3 Binary working library for cycle 3 of a " typical" PWR.

j It cannot be used with the integral option. |
i

4
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M8.2 THE STANDARD COMPOSITION LIBRARY

The Standard Composition Library describes the various compounds,
alloys, elements and isotopes that can be used to define the material'
mixtures for a given problem.* Typically, the alphanumeric description
of one or more of these materials will be used to define a material mix-
ture as noted in Sects. C1.5.4 and C4.4.4.

When formulating such a mixture, it is of ten necessary to know- the4

density (g/cc) of the various constituent materials. For convenience,

the reference values used by the code have been listed in Iable M8.2.1.
Note that the given reference values represent the actual theoretical
density, except in the case of some individal nuclides where a default
value of 1.0 g/cc was used.

,

The temperature of a given material can be entered, but it is not
required (cf. Sects. C1.5.4 or C4.4.4). However, the temperature prob-
ably should be entered if resonance data or Bondarenko data is available
for the material, or if thermal scattering data is available at more
than one temperature. YES/NO flags for both conditions are given in
Table M8.2.1. Note that the list of uuclides having resonance data

,

differs from one master cross-section library to another. Table C1.A.2
lists those nuclides having resonance data on each of the master cross-
section libraries. The list of nuclides having thermal sca ttering

,

73 cross-section data at more than one temperature also differs from one

(42.1 library to another. Table C1.A.3 lists those nuclides (and the associ-
.

) ated temperatures) for ecch of the master crose-section libraries.
While the user may find this information interesting and/or helpful, he
should have no direct need of it.

.,

Unfortunately, all nuclides are not presently available on all.

i master cross-section libraries. Column 5 of Table M8.2.1 is designed to
,

give a quick indication of which cross section libraries (denoted by the
reference numbers 1-8) contain da ta for the specified nuclide. The
reference numbers are matched to available SCALE libraries in Table

,

M8.2.2. The 27GROUPSHLD library is based on ENDF/B-IV data and merely
extends the 27GROUPNDF4 library to include several fission product'

nuclides which are not typically used in criticality analyses.

!
,

*In addition to the various materials listed here, one is also freel

to use any of the solutions found in Sect. M8.3.

!

,

's,

i

M8.2.1
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M8.2.2 Redad 12/84

.

Multiple sets of iron, nickel and chromium isotopes are in the 3
Standard Composition Library. These sets correspond to different -

weighting functions used in generating the multigroup cross sections.
~

The special weighting functions correspond to 1/Ea,(E) where t(E) is

the total cross section of either SS-304 stainles5 steel for use in
mixing stainless steels or inconel for use in mixing inconel-like alloys.
These weightings specifically apply to the 27- and 218-group library
generated from ENDF/B-IV data. In order for the stainless steel and
inconel standard composition identifiers to be usable with the Hansen
Roach library, the 218-group library sets with the special weighting.

: functicas were collapsed to 16 groups and added to the Hansen Roach data
; set. For the 123-group library, the standard iron, nickel and chromium
j cross section sets were reproduced with the identifiers of the specially

weighted sets. This allows the user to specify stainless steel or
inconel when using the 123-group library, but the cross sections useo

,

; will not have a special weighting.
|
'

The nuclide ID numbers are listed in column 6 of Table M8.2.1.
Typically, the ID number is A + 1000 * Z where Z and A are the charge
and mass numbers for the nuclide (i.e.,1001 for hydrogen and 8016 for
oxygen, etc.). Exceptions to this rule include metastable nuclides and
nuclides whose cross sections have a special weighting. Also, elements
with isotopic mixtures (typically natural abundance) have ID numbers of
Z'1000. The nuclides in brackets are those for which the isotopic
weight percent can be specified (or else default to the value given in,

Table M8.4.1).'

{
To more fully document the composition of each material and/or to<

document the assumptions used in producing the associated cross-
section data, a brief description of each material in Table M8.2.1 is
included here:

a
n

- LITHIUM Lithium: natural isotopic distribution obtained |;
; by default i
1 - BORCN Boron: natural isotopic distribution obtained by

default,

- BROMINE Bromine: natural isotopic distribution obtained-

i by default
- SILVER Silver: natural isotopic distribution obtained by

default-

- INDIUM Indium: natural isotopic distribution obtained by,

', default
- TUNGSTEN Tungsten: natural isotopic distribution obtained

i by default
? - RHENIUM Rhenium: natural isotopic distribution obtained

by default
- B4 C Boron carbide: B C; natural isotopic distributionq

: obtained by default
'' - E20 Water: cross-sections developed using 1/E weight-

ing everywhere ,

l
-

... . .- . ~ - . . . .-

| -
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M8.2.3 Revised 12/84

- H20-I(E)-HR Water: cross-sections developed using fission
spectrum weighting at high energies and 1/E at
lower energies ,

- D20 Heavy water: D20
ZIRCALLOY Zircalloy-2 as tabulated in ENDF/B-IV (N97.91 wt

5 zirconium,1.59 wt 5 tin, 0.5 wt 5 iron); Note:
the thermal capture cross section and the reso-
nance capture integrals of zirc-2 and zirc-4 are
equal within the experimental measurement uncer-
tainties and the variance on the contents of the

i alloying agents used in zirc-2 and zirc-4.
- BALSA Balsa wood: CH 0 , 0.125 g/cm
- REDWOOD Redveed: CH 0 , 0.4485 g/cm
- OAK Oak wood: CH 0 , 0.75 g/cm
- SS304 Stainless steel - 304: 69.5 wt 5 iron, 19 wt 5

chromium, 9.5 wt 5 nickel, 2 wt 5 manganese
- SS316 Stainless steel - 316: 65.42 wt 5 iron,17 wt 5

chromium, 12 wt 5 nickel, 2.5 wt 5 molybdenum,
2 wt 5 manganese,1 wt 5 silicon, 0.08 wt 5 carbon

- INCONEL Inconel: 73 wt 5 nickel,15 wt 5 chromium, 7 wt 5
iron, 2.5 wt 5 titanium, 2.5 wt 5 silicon

- CARBONSTEEL Carbon steel: 99 wt 5 1ron, 1 wt 5 carbon; cross-
sections developed using 1/E weighting

- ORCONCRETE Oak Ridge Concrete: 41.02 wt 5 oxygen, 32.13 wt 5
calcium,17.52 wt 5 carbon, 3 448 wt 5 silicon,

! 3.261 wt 5 magnesium,1.083 wt 5 aluminum, 0.7784(q wt. 5 iron. 0.6187 wt 5 hydrogen, 0.1138 wt 5j

potassium, 0.0271 wt 5 sodium
- RFCONCRETE Rocky Flats Concrete: 48.49 wt 5 oxygen, 23 wt 5

calcium,15.5 wt 5 silicon, 5.52 wt 5 carbon,
2.17 wt 5 aluminum,1.37 wt 5 potassium,1.25 wt 5
magnesium, 1.01 wt 5 iron, 0.75 wt 5 hydrogen,

3
0.63 wt 5 sodium, 0.19 wt 5 sulfur, 0.1 wt 5 tita-

j nium, 0.02 wt 5 nitrogen
' - MGCONCRETE Magnuson's Concrete: 45.84 wt 5 oxygen, 20.77 wt

5 calcium, 9.674 wt 5 carbon, 8.666 wt 5 potassi-,

us, 8.6h4 wt 5 magnesium, 3.863 wt 5 silicon.
0.721 wt 5 aluminum, 0.5134 wt 5 1ron, 0.4146 wt 5
zinc, 0.3046 wt 5 hydrogen, 0.2265 wt 5 sulfur,
0.1366 wt 5 titanium, 0.1294 wt 5 sodium, 0.048
wt 5 chlorine. 0.0469 wt 5 mang'anese '

- REG-CONCRETE Regular Concrete: 53.2 wt 5 oxygen, 33 7 wt 5
- silicon, 4.4 vt 5 calcium, 3.4 wt 5 aluminum, 2.9

,

L'
wt 5 sodium,1.4 wt 5 iron,1.0 wt 5 hydrogen

- PYREI Pyrex: 53.5 wt 5 oxygen, 37.7 wt 5 silicon, 4.1
wt 5 sodium, 3 7 wt 5 boron,1.0 wt 5 aluminum

- PLEXIGLASS Plexiglas: C5H802, 1.18 g/cc
- POLYETHYLENE Polyethylene: C2H4, 0.92 g/cc
- PARAFFIN Paraffin: CiS 52, 0.93 g/cc -H

- HNO3 Nitric acid: HNO3

,

8

, -c +
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Redsed 12/84

- HFACID Hydrafluoric acid: HF.
s

- UO2 Uranium dioxide: U0i i

- UO3 Uranium trioxide: UO3 |- U308 Uranium oxide (yellowcake): U308
- UC Uranium carbide: UC

| - UN Uranium nitride: UN
- UF4 Uranium tetrafluoride: UF4
- UF6 Uranium hexafluoride: UF6
- UO2F2 Uranyl fluoride: UO F22

,

- UO2(NO3)2 Uranyl nitrate:
'

UO (NO ) 22 3
- URANIUM Uranium metal (19.05 g/cc) having a variable =

isotope distribution - i.e., the user may specify
'

: the actual isotope distribution or use the
natural isotope distribution supplied by default

- U( .27) METAL Depleted uranium metal (19.05 g/cc) having a
fixed isotope distribution: 0.27 wt 5 235 ,U
99.73 wt 5 2380; to specify a different distribu-
tion, the user should use URANIUM instead of .,

1 U(.27) METAL
- PUO2 Plutonium oxide: Pu02
- PUC Plutonium carbide: Puc
- PUN Plutonium nitride: pun
- PUF4 Plutonium tetrafluoride: PuFu

h - PU(NO3)4 Plutonium nitrate: Pu(NO )g3

q - PLUT0NIUMALP Plutonium metal ,a phase; has density of 19.84
g/cc but is otherwise the same as the a phase

.

'

- PLUT0NIUMDLT. Plutonium metal - a, phase; has density of 15 92 !).j g/cc but is otherwise the same as the a phase
.i - FISP-1 Short-lived lumped fission products.
4 - FISP-2 Long-lived lumped fission products.

- 1/VABSORBER Fictitious material havi.g a 1/v absorption cross

! section normalized to 1.0 at 0.0253 eV
-H Hydrogen, cross-sections developed using 1/E

weighting everywhere
;! - H-IL E)-HR Hydrogen, cross-sections developed using fission
'

spectrum weighting at high energics and 1/E
( weighting at lower energies

L - H-POLY Hydrogen, cross-sections developed using a thermal
j. scattering kernel for hydrogen bound polyethylene
'- -D Deuterium

- H-3 Hydrogen-3
.

. - HE-3 Helium-3j - HE Helium: He
1 - LI-6 Lithius>6
| - LI-7 Lithiun>7

3 - BE Beryllium, cross-sections developed assuming a
h free aton

- BEBOUND Beryllium, cross-sections developed assuming Be-

atom bound in a crystalline lattice
" ~

- B-10 Boron-10
- B-11 Boron-ll

)-C Carbon: C

- C-GRAPHITE Carbon, cross-sections developed using a thermal *

scattering kernel for graphite.

-N Nitrogen: N

a

, . . , n. ~. - ~ ~ - - - - - E-~- - * ~ ~ -
,

. _ _ _ _ _ - _ _ _ _ _ _ - _ _
- . .
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118.2.5 Revised 12/84

,

~

N-15 Nitrogen D-

0 0xygen |-

0-17 0xygen-17 i-

F Flucrine: F i

1
-

NA Sodium: Na-

MG Magnesium: Mg-

AL Aluminum: Al-

SI-NAT Silicon-

SI Silicon: Si-

*
P Phosphorous: P-

S Sulfur J-

CL Chlorine: C1-

K-NAT Potassium-

K Potassium-

CA-NAT Calcium-

CA Calcium: C.a-

SC-45 Scandium-45-

~- TI Titanium: Ti-

V-NAT Vanadium^ -

V Vanadium-

CR Chromium, cross-sections developed using 1/E-

weighting
CRSS Chromium, cross-sections developed _ using [Ea (E)]~1- g

weighting where o (E) is that of SS-304g
CRINCONEL Chromium, cross-sections developed using [Ea (E}}~1- g

weighting where o (E) is that of inconelg
MN Manganese, cross-sections developed using 1/E-

_ . -
I weighting

Manganese, cross-sections developed-using [Eo*(E)]~lMNSS-

weighting where o (E) is that of SS-304 s
g

FE Iron, cross-sections developed using 1/E weighting-

FESS Iron, cross-sections developed using [Ea (E)]-1-
tweighting where o (E) is that of SS-304t

t
FEINCONEL Iron, cross-sections developed using [Ea (E) M- g

weighting where o (E) is that of inconel
t

CO , CO-59 Cobalt-59-

NI Nickel, cross-sections developed using 1/E weight--

ing
NISS Nickel, cross-sections developed using [Eo (E)}~I-

E
weighting w'here c (E) is that of SS-304

NIINCONEL Nickel, cross-sec[ionsdevelopedusing[Ea(E}}-1-
g

weighting where a * * "" "*
t

CU Copper: Cu' -

ZN Zinc: Zn-

ZN-64 Zinc-64-

GA-NAT Gallium'
-

GE-72 Germanium-72-

GE-73 Germanium-73-

GE-74 Germanium-74-

GE-76 Germanium-76-

AS-75 Arsenic-75-

SE-76 Selenium-76-

SE-77 Selenium-77-

.
--

. . . -

_

g ~ r
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M8.2.6 Revised 12/84

- SE-78 Selenium-78
7

SE-80 Selenium-80 f- -

SE-82 Selenium-82-

- BR-79 Bromine-79
- BR-81 Bromine-81
- KR-78 '- Krypton-78.

KR-80 Krypton-80-

KR-82 Krypton-82-

KR-83 Krypton-83| -

Y KR-84 Krypton-84-

KR-85 Krypton-85_

KR-86 Krypton-86e _

RB-85 Rubidium-85_

RB-86 Rubidium-86. _

- _ RB-87 Rubidium-87
: SR-86 Strontium-86.

. _ S R-87 Strontium-87
_ SR-88 Strontium-88
_ SR-89 Strontium-89
_ SR-90 S trontium-90 ..

_ Y-89 Yttrium-89
_ Y-90 Yttrium-90
_ Y-91 Yttrium-91
_ ZR Zirconium: Zr

ZR-90 Zirconium-90, _

! _ ZR-91 Zirconium-91

#}-
! _ ZR-92 Zirceuium-92

'i "
! ZR-93 Zirconium-93.

ZR-94 Zirconium-94'
.

_ ZR-95 Zirconium-95
. _ ZR-96 Zirconium-96
h _ NB Niobium: Nb
? _ NB-93 Niobium t,

) . NB-94 Niobiuert5
1 _ NH-95 Niobium-;

h _ M0 MolybdenaA: Mo
_ MO-94 Molybdenua-94

MO-95 Molybdenun-95_

MO-96 Molybdenua-96g _

j MO-97 Molybdecun-97
_

MD-98 Molybdenum-90
~_

MO-99 Molybdenum-99'

.

MO-100 Molybdenum-100
_

; TC-99 Technetiva-99_

j RU-99 Ruthenium-99_

:i RU-100 Ruthenium-100.
'j _ RU-101 Ruthenium-101

RU-102 Ruthenium-102, . ..
'

_ RU-103 Ruthenium-103
RU-104 Ruthenium-104.

.

_ RU-105 Ruthenium-105
RU-106 Ruthenium-106~.

RH-103 Rhodium-103 .,
_

m

=%'- , -sN ,+*s y g o- 9,-+5m a' -e**;* *w -, *e- * ,{
- *- .**"+*ew -+' - * ~*
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Revised 12/84

RH-105 Rhodium-105-

PD-104 Palladium-104-

PD-105 Palladium-105-

PD-106 Palladium-106-

- PD-107 Palladium-107
PD-108 Palladium-108-

PD-110- Palladium-110-

~ - AG-107 Silver-107
- AG-109 Silver-109

AG-lll Silver-lli-

CD Cadaium-

- CD-108 Cadmium-108
CD-110 Cadmium-110-

CD-Ill Cadmium-lli-

- CD-112 Cadmium-112
- CD-113 Cadmium-113

CD-114 Cadmium-114-

CD-115M Cadmium-115 (metastable)-

CD-116 Cadmium-ll6-

- IN-ll3 Indium-113
- IN-115 Indium-115
- SN Tin: Sn
- SN-115 c Tin-115
- SN-116 Tin-116
- SN-ll7 Tin-117
- SN-118 Tin-118

SN-119 Tin-119-.

I
'

SN-120 Tin-120' -

1 - SN-122 Tin-122
' - SN-123 Tin-123

'

SN-124 Tin-124-

SN-125 Tin-125|
-

- SN-126 Tin-126
SB-121 Antimony-121* -

: - SB-123 Antimony-123
SB-124 Antimony-124-

- SB-125 Antimony-125
SB-126 Antimony-126> -

- TE-122 Tellurium-122
- TE-123 Tellurium-123

'

TE-124 Tellurium-124-

TE-125 Tellurium-125-

TE-126 Tellurium-126-

- TE-127M Tellurium-127 (metastable)
a TE-128 Tellurium-128-

'

TE-129M Tellurium-129 (metastable)-

TE-130 Tellurium-130-

TE-132 Tellurium-132-

I-127 Iodine-127-

I-129 Iodine-129-

I-130 Iodine-130-
i

I-131 Iodine-131. -

I-135 Iodine-135
,

-

XE-124 Xenon-124-

,

,
t e-
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Redad 12/84
' - XE-126 Xenon-126

- - XE-128 Xenon-128 s

- XE-129 Xenon-129
XE-130 Xenon-130-

L XE-131 Xenon-131-

XE-132 Xenon-132-

- XE-133 Xenon-133
XE-134 Kenon-134-

- XE-135 Xenon-135
XE-136 Xenon-136-

- CS-133 Cesium-133
CS-134 Cesium-134-

CS-135 Cesium-135.
-

; - CS-136 Cesium-136
CS-137 Cesium-137-

- BA-134 Barium-134
- BA-135 Barium-135
- BA-136 Barium-136
- BA-137 Barium-137

BA-138 Barium-138-

- BA-140 Barium-140
- LA-139 Lanthanum-139
- LA-140 Lanthanum-140

CE-140 Cerium-140t -

CE-141 Cerium-141-

" CE-142 Cerium-142-

.)- CE-143 Cerium-143
~'

- CE-144 Cerium-144
*

- PR-141 Praseodymium-141
- PR-142 Praseodymium-142
- PR-143 Praseodpnium-143
- ND-142 Neodymium-142

I ND-143 Neodymium-143-

; - ND-144 Neodymium-144
ND-145 Neodymium-145-

- ND-146 Neodymium-146

( - ND-147 Neodymium-147
ND-148 Neodymiun-148-

:
3 ND-150 Neodymium-150-

PM-147 Prone thium-147-

PM-148 Prome thium-148-

- PM-148M Promethium-148 (retastable)
PM-149 Promethium-149-

PM-151 Promethium-151-

SM-147 Samarium-147-

SM-148 Samarium-148- -

SM-149 Samarium-149-

- SM-150 Samarium-150
SM-151 Samarium-151-

- SM-152 Samarium-152
SM-153 Samarium-153-

- SM-154 Samarium-154 .,
EU-151 Europium-151 -

-

EU-152 Europium-152-

EU-153 Europium-153| -

EU-154 Europium-154-

!

,

. , , , , . . _ .
, - ,. ,.. ., .._. , . . , . ., -. . _ . . . . . , . .

|
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.

' - EU-155 Europium-155
- EU-156 Europium-156
- EU-157 Europium-157
- CD Gadolinium: Gd
- GD-152 Gadolinium-152
- GD-154 Gadolinium-154
- GD-155 Gadolinium-155
- GD-156 Gadolinium-156
- GD-157 Gadolinium-157
- GD-158 Gadolinium-158'

'
- GD-160 Gadolinium-160 '

- TB-159 Terbium-159
- TB-160 Terbium-160

,

- DY-160 Dysprosium-160 -

- DY-161 Dysprosium-161
? - DY-162 Dysprosium-162
| - DY-163 Dysprosium-163

- DY-164 Dysprosium-164
!. - Ho-165 Holmium-165

- ER-166 Erbium-166
- ER-167 Erbium-167
- LU-175 Lutetium-175
- LU-176 Lutetium-176
- HF Hafnium: Hf
- HF-174 Hafnium-174
- KF-176 Hafnium-176O. - HF-17 7 Hafnium-177-

- HF-178 Hafnium-178
- HF-17 9 Hafnium-179
- HF-180 Hafnium-180
- TA-181 Tantalum-181
- TA-182 Tantalum-182 (

- W-182 Tungs ten-182 *

- W-183 Tungs ten-183i

| - W-184 Tungsten-184
- W-186 Tungsten-186
- B E-185 Rhenium-135
- RE-187 Rhenium-187,

- IR-191 Iridium-191 ,

. .
IR-193 Iridium-193 ,

L AU Gold: Au

[ PB Lead: Pb
i TH-23 2 Thorium-232

PA-233 Protactinium-233 '

.

U-233 Uranium-233'

U-234 Uranium-234
U-235 Uranium-235

,

U-236 Uranium-236
U-238 Uranium-238

_ NP-237 Neptunium-237;

|; - PU-238 Plutonium-238

.. ,

. ,
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- PU-23 9 Plutonium-239 -'
,

'

PU-240 Plutonium-240-

PU-241 Plutonium-241-

PU-242 Plutonium-242-

AM-241 Americium-241-

- AM-242M Americium-242 (metastable)
AM-243 Americium-243- -

- CM-243 Curium-243
CM-244 Curium-244-

CM-245 Curium-245-

- CM-246 Curium-246
- ACTIVITIES Available activity responses (see Table S3.3.4)

4

\

e *

P

4

t

e

3
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r

Table H8.2.1 THE STANDARD COMPOSITION LIBRARY

ALPHANUMERIC THEORETICAL RESONANCE SCATTERING Y-SECT LIBRARIES LIST OF NUCLIDES IN
DESCRIPTION DENSITT DATA OR I-SECT DATA FOR THIS STD. THIS STD. COMPOSITION

STANDARD th IN BONDARENEO AVAILABLE COMPOSITION (VITH ISOTOPES THE

COMPOSITION GRAMS /CC DATA AT MULTIPLE (SEE TABLE USER MAY SPECITT e

AVAILABLE7 TEMPERATURE 37 MB.2.2) SHOWN IN BRACEETS)'
'

.

LITHIUM 0.5340 NO TES 12345678 (3006 3007]

BORON 2.5350 No YES 12345678 (501C 5011]

BROMINE 3.1200 YES YES -2-45-78 (35079 35081)

SILVER 10.5000 TES YES 12-45-78 (47107 47109]

INDIUM 7.3100 YES YES 12-45-78 (49113 49115J

TUNCSTEM 19.3000 YES YES 12-45-78 [74182 74183 74184 741861

RNENIUM 21.0200 YES YES 12-45-78 (75185 75187]
;

.

-f

' '
B4C 2.5200 NO YE3 12345678 [5010 50111 6012,'

l
mo 0.9982 NO YES 12345678 1001 8016

W O-I(E)-HR 0.9982 No YES 1------- 1301 6016
,

D20 1.1053 No YE3 12345-78 1002 8016

IIFCALLOT 6.4400 YES NO 12345-78 40302

33304 7.9200 YES NO 12345-78 24304 25055 26304
28304

33316 7.7500 YES TIS 12345-78 6012 1s128 24304
25055 26304 28304
42000j

,

1

1 INCCNEL 8.3000 NO No 12345-78 14028 22000 24404
26404 28404

CARSONSTEEL 7.8212 TES YES 12345678 6012 26000

.

%

\
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Table 16.2.1 (Continued) .

ALPHANtDIERIC THEORETICAL RESONANCE SCATTERING X-SECT LIBRARIES LIST OF NUCLIDES IN
DESCRIPTION DENSITT DATA OR Z-SECT DATA FOR THIS STD. THIS 3TD. COMPOSITION
STANDARD th IN BONDAREIKO AVAILASLE COMPOSITION (VITH ISOTOPES THE
COMPOSITION ORAMS/CC DATA AT ISLTIPLE (SEE TABLE USER MAY SPECIFY

AVAILABLE? TEMPERATURE 37 MB.2.2) SHOWN IN BRACKETS)
.

ORCONCRETE 2.2994 YE3 YES 12345678 1001 6012 8016
11023 12000 13027
14028 19039 20040,

j 26000

RFCONCRETE 2.3210 TES TES 12345-78 1001 6012 7014
8016 11023 12000

13027 14028 16032
19039 20040 22000
26000

MGCONCRETE 2 3298 YES YES 1-----7- 1001 6012 8016
1102? 12000 13027_

14028 16032 17000
19039 20040 22000
25055 26000 30000

REG-CCNCRETE 2 3000 TES TES 12345678 1001 8016 11023 7

13027 14028 20040
26000

BALSA 0.1250 No YES 12345678 1001 6012 8016
.

+

'

REWOCD 0.4495 No TES 12345678 1001 6012 8016

OAE 0.7500 NO IES 12345678 1001 6012 8016

PYRI2 2.2300 NG TIS 12345678 [50I0 501t] 8016
11023 13027 14028

( .

PLEXIOLAIS 1.1800 NO IIS 12345678 1901 6012 8016

, POLIITRYLENE 0.9200 NO YES 12345678 1001 6012

i

PARAFFIN 0.9300 N0 TES 12345678 1001 6012

NNO3 1.0000 NO TE3 12345678 1001 7014 8016

'
,. s

)
! ..-
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Table M8.2.1 (Continued)

....

ALPHANUMERIC THEORETICAL RESONANCE 3CATTERINO I-SECT LIBRARIES LIST OF NUCLIDE3 IN
DESCRIPTION DENSITT DATA OR I-SECT DATA FOR THIS STD. THIS STD. COMPOSITION

STANDARD th IN BONDARE!E0 AVAILABLE COMPOSITION (WITH ISOTOPE 3 THE

COMPCSITION GRAMS /CC DATA AT MULTIPLE (SEE TABLE USER MAY SPECIFT
AVAILABLE7 TEMPERATURE 37 16.2.2) 3HWN IN BRACEETS)

HFACID 1.0000 NO TES 12345678 1001 9019
....--

.

>

U02 10.9600 TES TES 12345-78 (92233 92234 92235
,

92236 92238] 8016
.. ._

003 7 2900 TES TES 12345678 [92233 92234 92235
92236 92238] B016

'
._

U308 8 3000 TES TE3 12345-78 (92233 92234 92235
92236 922381 8016

OC 13 6300 TES TE3 12345-78 (92233 92234 92235
92236 92238] 6012

,

(%| UN 14.3100 TES NO 12345-78 [92233 92234 92235
' 92236 92238] 7014

UF4 6.7000 TES TES 12345-78 [92233 92234 92235*

', 92236 922391 9019

}
..

UF6 4.8500 TES TES 12345-78 (92233 92234 92235
92236 922381 9019*

i
002F2 6 3700 TE3 TES 12345-78 (92233 91234 92235'

97236 92238] 6016
9019

-

002(503)2 2.i|330 TES TE3 12345-T8 (92233 92234 92235
*

,
92236 92238] 7014

8016

I URANIUM 19.0500 TES NO 12345-78 (92233 92234 92235
,f 92236 922381

t ..

,
..

.

5

t

o

| ,-.. -- 7~
I '~ ~ , _
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Table M8.2.1 (Continued) )

ALFNANtHERIC THEORETICAL RESONANCE SCATTERING K-SECT LIBRARIES LIST OF NUCLIDES IN
DESCRIPTION DENSITY 04TA OR I-SECT DATA FOR THIS STD. THIS STD. COMPOSITION
STANDARD pth IN BONDARENKO AVAILABLE COMPOSITION (WITH IS0TOFES THE
COMPOSITION GRANS/CC DATA AT MULTIFLE (SEE TABLE USER MAY SPECIFY

AVAIMBLET TEMPERATUREST M8.2.2) SNOWN IN BRACKETS)'

U(.27) METAL 19.0500 YES NO 12345678 92235 92238

I;*

FUO2 11.4600 TES YES 12345-78 [94238 94239 94240
94241 94242] 8016

FUC 13.6000 YES TES 12345-78 (94238 94239 94240
94241 94242] 6012

g

FUN 14.2500 YES No 12345-78 [94238 94239 94240.

94241 94242] 7014

FUF4 7.0000 YES YES 12345-78 (94238 94239 94240
94241 94242] 9019

FU(NO3)4 2.4470 YES YES 12345-78 [94238 94239 94240
94241 94242] 7014

8016
,

i

s. ..

&
j FLUTOMIUMALP 19.8400 YES NO 12345-78 [94238 94239 94240

'

94241 94242]

FLUT0NILHDLT 15.9200 YES No 12345-78 [94238 94239 94240
94241 94242)

.. '
90 1; FISF-1 1.0000 NO NO --------

t

90 2FIJF-2 1.0000 NO NO --------

1/VASORBIR 1.00C0 No No 12345--8 999

.

I

e

%
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M8.4 ISOTOPE DISTRIBUTION TABLE

Those materials in the Standard Composition Library containing mul-
tiple isotopes of a single element are denoted in Table MB.2.1. For
materials containing lithium, boron, bromine, silver, indium, tungsten,
rhenium, uranium, or plutonium, the user is free to specify the isotopic
distribution using items 6a and 6b of the Standard Composition Specifi-
cation Card discussed in Sections C1.5 and C4.4.4. Alternately, the user |
may elect not to enter this data, thereby telling the code to assume the
default values shown in Table MB.4.1. In all cases except plutonium, |' ' , Table M8.4.1 lists the naturally occurring abundance of each isotope. In
describing an arbitrary material, a nuclide ID of Z ' 1000 '(where Z is
the nuclide charge number) can be used to denote the elements of Table
M8.4.1." Then, if an isotope distribution other than the default values
of Table M8.4.1 is desired, items 6a and 6b of the Standard Composition
Specification Card (Sects. C1.5.4 and C4.4.4) must be included.

Table M8.4.1. Isotope Distribution Table.

- Material I.D. wt% Material I.D. wt%

Lithium 3006 6.4996 Uranium 92233 0.0000
(s 3007 93.5004 92234 0.0056
s _ 92235 0.7050

Boron 5010 18.3026 92236 0.0000
5011 81.6974 92238 99.2894

Bromine 35079 50.0650 Plutonium 94238 0.0
i 35081 49.9350 94239 100.0'

94240 0.0
Silver , 47107 51 3771' 94241 0.0

47109 48.6229 | 94242 0.0
|

Indium 49113 4.2283,

I 49115 95.7717

Tungsten 74182 26.0571
74183 14.2496
74184 30.7262
74186 28.9671

Rhenium 75185 37.1482,

75187 62.8518

M8.4.1

.
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'

The gap illustrated may be small, less than 1.0E-09 cm, but it |<

i 'would be sufficient to cause a particle track to be lost. The correc-
tion is illustrated as the " overlap fix." If the overlap is greater
than 1.0E-09 cm, then Subroutine FINEFI will fatally warn the user, |
"THE ARRAY ... IN BODY ... REFERENCED IN CODE ZONE ... DOES NOT
FIT." Therefore, the overlap applied should be small or it may itself
be a fatal error. This is rigid requirement. The overlap fix is ,

j_ beneficial in exiting the array correctly as well as entering the array
'

, correctly.

.

| M9.6.3 COMBINATORIAL MODELING PITFALLS
:

j Now that the user has some appreciation for the pitfalls in array
'

tracking, it is necessary to discuss pitfalls in combinatorial geometry

3 tracking. Whenever two floating point numbers resulting from separate

i calculations are compared on a computer of finite precision, it is bad
j practice to test and depend on direct equality. In combinatorial
; tracking it is not always possible to avoid this problem. User input
i description is the best place to avoid ambiguity on zone boundaries,
j When two bodies share a common surface, the user should never assume
i the computer is capable of recognizing the two surfaces are actually a

single surface. Furthermore, try to avoid having two bodies sharing a
common surface occur on an input zone boundary, especially if the two
bodies are referenced in both the adjacent input zone descriptions. In
your geometry model, when constructing code zones, always attempt to

b describe your geometry with combinatorial logic, the union or inter-
section of bodies, without falling into the dangerous trap of defining
bodies with common surfaces. When this is not possible, a less
dangerous alternative exists. A small overlap between two body
surfaces is preferable to a single surface. Combinatorial geometry

,

will unwittingly let the user double-define space. Combinatorial
tracking ia always happy with the first definition for a portion of
space it finds. It does not check to see if any other definitions

,

exist. The danger comes in trying to leave the doubly defined space
and in depending on which definition of the space is used.

H9.6.4 COMPUTER TRACKING AND MODELING

This section deals wit.h the combinatorial MARS tracking logic and.

considerations involved in geometry model development. It is essen-

f tial at this point that the user understand the following concepts and

j definitions before continuing:

k
: A. How combinatorial logic determines in which code zone a particle is

located,
.

B. The meaning of the following combinatorial variables: RIN, ROUT,,

DIST, DISTO (see Table M9.E.6 for label common / PAREM /),

i
'

.. :
'

i
a

, ,
,

. - -.
,
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C. The different roles of combinatorial geometry tracking and MARS
array tracking (see Sect. M9.6 3). The complex modeling capabili- )
ties of combinatorial MARS are accompanied with a complex debugging

'

output dump requiring user understanding of the tracking methods.

The most important questions combinatorial geometry and MARS must
answer during tracking are:

MARS Tracking Questions:

A. In which universe is the particle located?

B. Will the particle exit the current universe? If so, then what will
be the universe entered and in what array?

Combinatorial Tracking Questions:

A. In which input zone in the current universe is the particle located?
.

B. Will the particle exit the current input zone? If so, then what
will be the next input zone the particle will enter?

,

These questions for MARS and combinatorial geometry are related in the
: following way. The first question in each system is asking the basic

L question:
it

Where is the particle located? (f)
1

Each system, MARS and combinatorial, is answering the question from its
own perspective. The second question in each system is asking the
basic question:

Where is the particle going?*

i
I This question cannot be answered without knowing the answer to the

first question in both the combinatorial and MARS systems. In changin6
lattice locations in an array, the dialogue between combinatorial

I tracking and MARS tracking may go:

- Combinatorial: The particle is entering Media -1000; therefore, the
particle is exiting the current universe.

1. MARS: The lattice cell being entered is in the same array as
b the current lattice cell location; therefore, the new
; universe being entered is NLU. The new coordinates are

computed as I, Y, Z for the new universe.

Combinatorial: The particle is in input zone IR in the current uni-
verse. The particle will be entering input zone IRPRIM

J in the new universe.
D

q
u

L

;
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M9.E.1

M9.E MARS DATA STORAGE AND PROGRAM LOGIC

Subroutine CALI answers the question: What is the particle loca-

tion? It is given particle coordinates, usually in the absolute uni-
verse, although this is not a requirement. It proceeds to determine if
the particle is in an array or in a valid material media. If the
particle is in a valid media, it determines this and returns. If the

particle is in an array, it then checks the next level of the geometry
as described in the array description. It repeats the process until it

j determines a valid positive material media the particle coordinates are
inside. In this process, it starts from a lower, more global level of

g the geometry hierarchy, and checks from there to a higher, more local
,

geometry level. The process is completed when the particle is located
- in'a positive real media.

4 During the process of checking successive levels of a geometry
model, the nesting table is always updated as the particle coordinates'

are translated. Therefore, as MARS goes from a lower global level to a
higher, local geometry level, MARS always maintains the knowledge of
where the particle is located relative to the lower, more global
geometry levels.

,

Subroutine PILOT goes through the same process during tracking,
except it has the logic to translate from higher levels to lower levels
as well as from lower levels to higher levels. This is necessary for

| s:s

|

') tracking. PILOT uses the nesting table generated by CALI when the par-i

ticle initial location was determined. Both PILOT and CALI call Sub-
' routine STORE to update the nesting table.

M9.E.1 MARS SUBROUTINE DESCRIPTIONS

ABEND - ABEND is called for an abnormal termination of a calcula-
| tion. It gives a traceback of where it was called and calls EXIT.
!

nucX - ABOX is called from J0 MIN 1. It reads the BPP and WPP body
data and converts the data to the BOX and WED body input f o rma t . The
BPP and WPP are alternative ways of describing the E0X and WED.

>

ALBERT - ALBERT is called from GENI to construct the floating point
' data to be stored in the FPD table for the ARB body', the arbitrary poly-
3 hedron body.
4

AEEEE - ARGEN is called from AZIP. It generates the size of each'

+ array from the array content tables and NLV table. It must compute the
size of the simplest arrays first. These are the arrays that contain'

only universes which do not contain subarrays. ARGEN comes from the *
term " gray gg.n.e ra to r . " The x-width, y-length, and z-height of each
array is stored in the WLH array. This array is not needed in tracking
or particle locating. It is needed to verify the fit of each array in

,

[^ each reference location.
s.~

.
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AZIE - AZIP reads the combinatorial MARS array size and content 3
input. It calls several other subroutines and generates a series of
tables from the input data that is needed for MARS array tracking. It
is called after J0 MIN 2 and GENI have set up the combinatorial data
tables in memory. It uses much of the combinatorial input data from

*
memory to construct the MARS data tables.

SQD,- BOD is called from CELL after the lattice cell position of a
particle has been determined. It returns the cell contents. If the
contents of a cell is vacant, it sets a flag. This is legal for exiting
an array but' fatal for entering an array. A particle cannot enter a
vacant lattice position of an array.

EALL - CALI is called from outside the MARS subroutine module to-
[ determine a particle location. It first determines the universe and

array the particle is'inside. Frequently this requires checking several
levels of the geometry model. CALI calls LOOKZ to determine the com-
binatorial geometry input zone a particle is inside for each universe cr
array. When CALI has checked several levels of geometry logic and
determines the positive media the particle is inside, it then returns
the information in labeled common PAREM, with the nesting table set by
calls to STORA. |

SELL - CELL is called from both CALI and PILOT. It is the guts of
: entering or exiting an array. It is called for a particle inside of or

moving through an array. It returns the lattice cell' position and con-
c]E

-
,

| tent for the current particle position. CELL' serves a dual role. It
'

! says where a particle is in an array when the particle is not moving,
and it says the next cell the particle will enter when the particle is
moving. CELL calls subroutines SORT and BOD.

I SLEI - CLEV is called from PILOT to translate a particle coordinate
I from a larger level, more local coordinate system to a lower, more glo-
'

bal geometry level number given the nesting table. Because of the pres-
i ence of several labeled commons in CLEY,. it changes quite a few vari-

aDies in a few commons. The user should be careful before calling CLEV
to as not to inadvertently change some important information needed for
tracking.

4

, ' , CORNER - CORNER is called from TRENTE and RTEIIT. It returns the |
origin or vertex for a reference body. This information is essential to
particle translation for both entering and exiting a universe or an
array.,

!

: SIB &E - CTRAN is called to determine the particle coordinate rela-
! tive to either a lattice cell in an array or given the lattice position

and the particle coordinate, it can determine the coordinate of the
'

particle relative to the origin of the array. It requires the array
number, the lattice position, and the particle coordinate to perform the
proper translation. The argument NI determines the proper translation
to perform.

J

i

t
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MLIA - DELTA is called from ARGEN. It computes the size of each-

dimension of each lattice cell from the reference body of the cell.
This dimension is summed in ARGEN to compute the total array size on
each dimension.'

M - DIPR is called from several subroutines to dump MARS array
information after an error has been detected. It calls DUPR. DIPR is,

called to simplify the call to DUPR from the error detecting coding.

M - DUPR is called from DIPR. It dumps the MARS, array tables
from memory and the nesting table of the current particle location. It
generates quite a bit of output and should not be called frequently
during debugging. The argument IID in DUPR can suppress much of the*

geometry dump to allow frequent printouts of the nesting array during
model debugging.

[ FINEFI - FINEFI is called from AZIP. It checks the MARS array |
g

input with the combinatorial input for snug fit. Most of the MARS input
error messages regarding array content, reference, or fit comes from
FINEFI. It is essential to have exact geometry fits .,efore successful |,

tracking can be initiated.<

M - GENI is called from J0 MIN 2. It reads the binary file gener-
ated by J0 MIN 1 and stores the data into memory in the combinatorial
geometry array tables. It edits and prints the output edit of the com-

g binatorial input.

s,
.Cd - GG is called from LOOKZ and G1. It is the guts and essence of

the combinatorial geometry system. It computes, given the body number,

{
the RIN and ROUT for the body.

( GTYLIN - GTYLIN is called from J0 MIN 2 to calculate input zone
volumes. The present version of GTYLIN is next to useless and is,

normally never used.
,

i
El - G1 is called from PILOT to determine the next input zone a

particle may enter. It is in three parts. The first part of G1 deter-
,

mines the distance to exit the present zone if the zone will be exited.
,

The second part of G1 determines the next zone of entry by checking
those previous zones the particles entered when exiting the current zone,

( by way of the body causing the particle to exit. If a new zone of entry
L is not determined from this table, then the third part of G1 proceeds to

check all other possible zones of entry in the current universe. Errors
in combinatorial geometry tracking come from G1. |,

H ACE - IPACK is called from J0 MIN 1 to pack several integers into
'

e one integer.
4
lj J0HIN1 - J0 MIN 1 reads the free-form combinatorial- input for the

body data, zone description data, region data, universe data, and media
data. The input is written on a scratch file for later use by GENI.

~

L

P g ." % *Wp g 3h- *
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u

J0 MIN 2 - J0 MIN 2 is called during combinatorial geometry input pro- m,

cessing. It sets up the combinatorial geometry array pointers from3

information determined by J0 MIN 1. It then calls GENI, and the input
data is stared in the proper arrays. J0 MIN 2 can call GTVLIN but usually
does not.

. ;

.

4

MD[EL - LEVEL is called from AZIP. It determines the highest level
l; number each array is referenced inside. This data is placed in the NLV

table for later use in AZIP. The NLY table is not.used for tracking or
locating a particle.*

M2QE1 - LONZ is called from CALI and PILOT to determine the par-
ticle location in a universe. It calls GG to determine RIN and ROUT for

y each body in a zone description table. It then determines the code and

3 input zone the particle is inside. This information is returned in
a labeled common PAREM.
1
'

ORTHOM - ORTHOM is called from AZIP. It computes the rotational
matrices of each 90X body, which references either an array or a uni-
verse. A BOX can be arbitrarily positioned in space. When a particle
enters a universe or an array and when the reference body is a BOX, then,

both the particle coordinates and direction cosines must be rotated.
Subroutine ROTA is the only routine which makes use of these matrices

|, constructed by ORTHOM.
1

flLQ.T.- PILOT is called from outside the MARS subroutine module to -

>

] determine the next input zone a particle may enter. The first zone the 'O
j particle enters with a positive media number is returned. PILOT cannot
a be called without first knowing the particle location as determined by

calling CALI.
,

q

fl - PR is called from combinatorial geometry errors discovered in
LOOKZ or G1. It generates even more output.

i

N RESIOR - RESTOR is called by J0 MIN when RINPU2 calls' J0 MIN. When
executed in SCALE, the geometry and array data are written out on a"

'

binary file for later recovery. RESTOR reads labelled coccons REPE!.T,s
, ARAR, GOMLOC, and PAREM. It also reads the MA, FPD arrays and all of

' , ' the MARS array storage from the binary file. The file read by RESTOR is
"

written by RINPUP in the SAS3 control module in SCALE or by RINPU1 in
MORSE-SGC.q

j
Y

.

< ,

I
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f i
E1[ -- RISK translates. coccinates defined on geometry level NL1 to-

geometry level NLR using the nesting table stored in array LP. This trans-
lation is from i global coordinate to a local coordinate system. NL2 must

'

be greater than NLI. t
** /<

O ROTA - ROTA performs particla'and'/ direction cosine rotation upon
entering or exiting a coordinate system defined by a BOI reference body. It

is called from TRENTE and RTEZIT. It uses the rotational matrices con-
structed by ORTHOM during input processing.

.
.,

AIELII . RTEKIT is ca.'. led on exiting either a universe or an array,
The "RT" means rotate - then translate. The rotation must be performed'

s
first and then the translation can occur. RTEKIT is given the reference-

#Ie body fo: the universe or the array. If the body is an RPP, only translation
of coordinates is required. If the body is a BOI, then both rotation and

.
translation are required.

}
" 2 AZAR - SAZAR is called by J0 MIN if NDSN, the number of array analysis

collision edits (input in MORSE-SGC) required, is >0. SAZAR reads the loca-
tion, media, and response critdria,for each edit. This allows the user to
selectively sample specific collisions.

i 's' JEEBLK - SKPBLK is called fnom J0 MIN 1 to skip blanks while reading
free-form input cards.

) SQBCER - SORCER is called after completion of a batch of histories. It.g

g sorts the next zone of entry table in the order of most probable entry. This

j is a simple, fast routine used$tc. speed up tracking through a complex
geometry model. .

,

2: IQRI- SORT is called from CELL. It is called for each dimension of an

! array. It determines the cell position on each dimension for the particle

j location. It determines when a particle is exiting an array lattice and
j sets a flag for CELL to take appropriate action.

U

'JIQBA - STORA is called from CALI and PILOT. It updates the nesting 1 !

tabl(during array tracking and locating. This is one of the most important !
aspicts of array nesting logic. It is essential to the MARS logic.

g s

TRENTE - TRENTE is called on entering either a universe or an array. |
*

,

,The "TR" means translate - then fotate. The translation of the particle4

- / coordinate must occur and then'the rotation. TRENTE is the opposite of |
j RTEZIT.t It requires the reference body of the universe or the array to

y determine the appropriate coordinate transformation.

a$ +
.

j ElIX - UNIS is called by AZIP to read, verify, and edit the universe
type input. If a universe is erroneously declared simple, UNIS changes the

|
universe type specificatioe to combinatorial and writes warnings to the

n user. t 2

1
|IEXIIS - ZEIITS is caIled to dump the combinatorial summary of zone-

trar,afers at the end of a calculation.t ,

t ,

*

y
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Revised 12/84 ,

Table M9.E.1 MARS Subroutine

Model
Input Routines Tracking Routines

Combinatorial MARS Array Input Combinatorial MARS Array Tracking
J0 MIN 1 AZIP LOOKZ CALI
J0 MIN 2 LEVEL G1 PILOT

o GENI ARGEN GG CELL
; ABOX DELTA PR SORT

J GTVLIN ORTHOM SOHCER BOD
FINEFI ZEXITS ROTA |.

^

UNIS ALBERT CORNER
SAZAR RTEIIT

TRENTE 1<

CTRAN
STORA )
CLEY'

', RISK
!} DIPR

DUPR
_ ,__

s.

3

4

h

|

4

I
E

*

|1

lI
v:

H
Il
!:

:

I.
j' .

l.
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Table M9.E.6. (Continued)

Variable Definition

LDATA Length of the integer data in the MA array excluding the
'words set aside for zone search information.<

LTMA Total length of the MA array.

LFPD Length of the FPD array.

NUMR Number of code produced zones.

IRTRU Number of input zones.
7

NUMB Number of bodies.

NIR Ntaber of MORSE geometry regions.
,

|
)

Table M9.L .7. Definitions of Variables in Common PAREM as Found in
Combinatorial Geometry

- Variable Definition

XB(3) Coordinates of the starting point of the present path.
-), Changed in EUCLID, GOMST, and LOOKZ.' . .

1

WB(3) Direction cosines of particle trajectory. Equal to U,

| V, and W. Changed in EUCLID, GOMST, and LOOKZ.

WP(3) Temporary storage of WB(3).

XP(3) Temporary storage of XB(3). Changed in NORML.

RIN Distance to entry calculated in CG.

ROUT Distance to exit calculated in GG.
,

PINF Machine infinity. (1.0E + 20)

DIST Distance from XB(3) to present point.

IR 'Combinatorial zone of present particle position.

i IDBG Set nonzero to initialize a debug printout.

IRPRIM Next region to be entered after a call of Gl.

NAS C Body number of last calculated intersection. Set

'
negative to indicate source or collision point not on,

a body surface.
v

4
- - ~ e.. > . 37 .-.
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Redud 12/84

Table M9.E.7. (Continued)

Variable Definition
__ .

LSURF Surface of Body NASC where intersection occurred.
Positive if particle is entering the body and
negative when exiting.

NB0 Body number and a sign used to'' define zones. Input
in zone description as positive when zone is contained
in body and as negative if zone is outside body.>

LRI Entry surface calculated in GG.

LR0 Exit surface calculated in GG.

KLOOP Trajectory index of present path incremented in G1.,

F
LOOP Index of last trajectory calculated for body NBO. If

LOOP is equal to KLOOP, GG returns immediately with
old values in RIN, ROUT, LRI, and LRO.

1 -

Body type of Body NB0 (indicated BOX, SPH, etc.)ITYPE

3 NOA Not used. m
q _ _.. _ . . j

! NOTE: The order of the variables in PAREM in versions other than IBM-360
[ is IB, WB, IR, WP, XP, IDBG, IRPRIM, NASC, LSUHF, NBO, LRI, LRO,

RIN, ROUT, KLOOP, LOOP, ITYPE, PINF, NOA, DIST. Because the'
IBM-360 version is double precision, reordering the variables

[ was required.

!
:

|

|

l'

,e

|
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Revised 12/84

Table M9.E.8 Definitions of Variables in Common ORGI'
Variable Definition

DISTO Distance from point IB(3) to next scattering point.
Used in 01 to avoid calculating the next zone if a
scattering event occurs before the intersection.

MARKG Set 1 in G1 if trajectory end point is reached before
next intersection. Otherwise set to 0.

NMEDG Input zone number for current collision from a
LOOKZ call.,

NBLZ Packed word containing both input zone and code
zone numbers for current collision stored in LOCKZ.

BLZOLD Packed word containing code and input zone numbers
for previous collision.

IRPOLD Input zone number for previous collision.

' Variable names are not the same in all routines. Also on non-IBM-360[D machines, the order of the variables is MARK, DIST, NMEDG. Reordering'

resulted from the conversiin of the IBM-360 version to double precision.

!

,
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1 Table 16.E.9 Definitions of variables in COMMON TAPE

VARIABLE NAME DEFINITION

INT Logical number of standard input unit

. . ,
I IOT Logical number of standard output unit

e

IO,UT Logical number of scratch unit for geometry data

IOU 2 Logical number of second scratch unit'

'

: IDM(4) Not used at present

a

.

.
.

.

:

,

h

.

I

a

l,

I
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i
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Table M9.E.10. Definitions of variables in COMMON MG0HV

VARIABLE NAME DEFINITION

MUS Pointer for array indicating type of
universe - simple or conjos.

MUZ Pointer for array indicating last zone
for a given universe.

.

LL Current universe number..;

IPRET Signal - when = 1 PILOT returns
at every boundary crossing rather
than tracking until media changes.

IFLOW Signal indicating direction of cross-
ing. Inward if =0; outward if =1.

IECT Error counter - prints messages
first 10 times. MORSE-SGC abends

{ ,,, on error number 11.
' :i
' - ~'

NLO Signal when changing levels -
= 0 - means same level.
= -1 - means down one level.

.
= +1 - means up one level.

. i

j iSignal indicating entry to array if 0IGX
J or exit from array if 1. .

f

9

6

,

;
'

.
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Table M9.E.11. Definitions of variables in COMMON ARAR

VARIABLE NAME DEFINITION

NBY Body number
-

NLEV Number of geometry levels.

NAR Number of arrays..

NQ = 1 for MORSE

IAW Number of universes.

IAY Length of lattice cell array.

'

- NF Maximum size of array lattice.

NX1(1) Current x lattice position.
,
i.

i NX1( 2) Current y lattice position.

NI1( 3) Current z lattice position. {{}
i NX1(1-3) = 0 if outside of array.
:

s

:
'

-

,

*

!
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.

1

Table M9.E.12. Definitions of variables in COMMON ARK

VARIABLE NAME DEFINITIO!!

LH Content of lattice position of current array
; > 0 for a universe; < 0 for an array.
2

NLU Current array number.

i
NBB Reference body for current array

.

NZY(1-3) current lattice position in array NLU; i.e.,

X,Y,Z position.
. ,

7 XD(1-3) current X,Y,Z of particle.

.

k

e

**e,

.

.
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M9.0 DIAGNOSTIC !!ESSAGES FRT MARS'

There are numerous error messages printed out by the !!ARS geometry
package. These messages aid the user in determining the cause of the
trouble when an error is detected by MARS during the input step or
during particle tracking. Sections M9.G.1 and M9.G.2 give the actual
message that is printed, the subroutine name where the error was
detected, and an explanation of the message and/or its cause.'

.m
.).

,

.

l .

)
.

,i
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M9.G.1 DIAGNOSTIC MESSAGES FRCH MARS INPUT MODULE

s

Subroutine
Printing
Message Message Meanira

ARGEN ARRAY NO _ IS IM- The array size exceeds the
PROPERLY DEFINED - size of the array lattice
FATAL ERROR IN ARGEN (!!CHAI).

ARGEN ARGEN IXYs __ IX= _ Error was detected in DELTA.
MRs _ NAs __ NE See message from, DELTA._

'NHAX: _j. ,

AZIP FATAL ERROR - Eithsr the universe number
*

UNIVERSE NO. __, is ircorrect or the media
IS NOT DEFINED. number is not -1000.

DELTA IN DELTA. UNIVERSE Self-explanatory. Check the
REFERENCE BODY NOT input data. IBO is body number.
RPP OR BOX.

IBOD= __ IB0s _
MA INDEX
ITYPE: __ NDs __.

FINEFI WARNING - IN FINEI One of the arrays specified
NO REFERENCE WAS is not ref7renced.
MADE TO ARRAY NO. _

FINEFI IN FINEFI INVALID Array ember exceeds maximum
ARRAY REFERDiCE (!!AR) .
IN ARRAY _ PO-
SITION TO

NON-EXISTENT !

f
'

ARRAY _
|

FINEFI FINEFI FATAL ERROR - Universe number exceeds number-

ARRAY POSITION _ RE- of universes (IBOD) in system.
FERS TO AN INVALID OR
UNDEFINED UNIVERSE -

FINEFI IN FINEFI ARRAY NO.__ The reference body for an *. .

POSITION ____ REFERS array must be either a BOX

TO UNIVERSE ._ DE- or an RPP. Check input data.

F::NED BY BODY _q

WHICH IS NOT AN RPPq
OR BOX _ FATAL ERROR

FINEFI FINEFI - FATAL ERROR Self-explanatory. Check input.

IN ARRAY _ ELEMENT ,

POSITION CONTAINS
UNIVERSE MISFIT IN
POSITION.

|

. _ _ _- . , .

,
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Subroutine
Printing
Message Message Meaning

FINEFI IN FINEFI ARRAY _ This message is usually in

HAS NO VALID addition to one of the others

ELEMENTS -VERY FATAL from FINEFI. All lattice cell i

'positions have been checked for
fit prior to this message.

FINEFI FINEFI - CODE ZONE _ Self-explanatory. Check input

CONTAINS ARRAY BUT
IS DEFINED WITH
HORE THAN ONE

BODY _ WARNING
_ FIRST BODY WILL

BE REFERENCE BODY
,

|

FINEFI FINEFI FATAL ERROR - The array number is > number

CODE ZONE _ REFEREN- of arrays (NAR) in the systec.

CES AN INVALID ARRAY _

FINEFI FINEFI FATAL ERROR - The reference body for an

CODE ZONE CONTAINS array must be either a BOX or

ARRAY _ INSIDE BODY _ an RPP. Check input data.

REFERENCED BODY IS NOT

| ' ' ' , AN RPP OR BOX

FINEFI FINEFI FATAL ERROR - The overlap of lattice cell

ARRAY _ IN BODY _ boundary and input zone bound-
REFERENCED IN CODE ary is too large.
ZONE DOES NOT FIT

f FINEFI FINEFI FATAL ERROR - Self-explanatory. Probable

j YOU HAVE AT LEAST input error.

ONE ARRAY BUT NO AR-
RAY WAS REFERENCED IN
A LEVEL ZERO ZONE

GTVLIN ********** ERROR IN The number of regions for

VOLUME CALCU- which volumes were calculated
,

LATTONH H H " H does not equal the number in the'

! JFs_ NIRs_ geometry.

?

| J0HIN1 ITYPE _ DOES NOT The body type given does not

EQUAL ANY OF THE exist in the code.;

I FOLLOWING

J0 MIN 1 EXCEEDED CORE DURING The space allocated for the
,

CG INPUT ISTRs _ data is insufficient. ISTR +

Na _ NADDs LIMs N + 1 is amount required up

LTMA LFPDs _ to this point. LIM is space<-

ic' NUHRs _ IRTRUs _ available.
NAZTs _JBODTs _

. .,-



-

.

M9.G.4-

~
,

Subroutine
Printing
Message Message Meaning

,

SAZAR NMOST INCREASED TO _ An array edit was requested,

BY SUBROUTINE SAZAR but there was inadequate space
to save it. Space was added,

i

t

UNIS WARNING -- UNIVERSE _ A negative media number was
,
' IS NOT SIM'LE found in a simple universe.
k CODE ZONE CONTAINS UNIS changes it to combina-

ARRAY _. torial universe.

UNIS CODE ZONE _. IN UNI- The number of bodies in this
VERSE _ CANNOT BE A code s;one is >2. so it is not

SIMPLE UNIVERSE. simple. UNIS changes it.

UNIS BODY _ IN UNIVERSE _ Fatal error.
IS NOT REFERFNCED POS-
ITIVE IN THE UNIVERSE.

i

!. b

;

i

*
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M9.G.2 DIAGNOSTIC MESSAGES FROM MARS TRACEING EVENTS~

Subroutine
Printing

,

Message Message Meaning

CALI CALI NL,NLU,IR,- Printed only if debug switch

IRPRIM,NMED,NLEY _, IDBG is on (>0)

CALI ERROR IN CALI FROM Either CELL has set the error signal
CELL * LZs_ LUs_ IER>0 or lattice cell is vacant

4

IER=_ (LZ>0) on entering array.

CALI ERROR IN CALI ' When this message follows one above
NMED,IPS.LZ,IER,LU, see that explanation. If IPS>2,
IR,IRPRIM,LM,LL,NL _ there ir, error on exiting array.

CLEY ERROR IN CLEY a NL1s_ Lavel NL1 is lower than level
,

NL2s_ NGYs_ . NL2. It should be higher because,

-
code translates from a higher to.

a lower lovel.

G1 NO VALID DISTANCE IN G1 could not determine the next body
G1 e IR.XB,WB,DISTs _ that the ray will intersect. Therei

is a probable error in user's
geometry specifications, or he may
have written over his geometry data.

J ,m,

01 eeeeeeeeeeeeeeeeeeese In order to save some computer time.-'

GEOMETRY SEARCH ARRAY user may want to increase the value *

FULL **************** of NAZ in his input. Only harm
j. done is increase in computer

e

time which is often insignificant.
,

li 'j G1 irs _ XBs_,_,_ G1 could not find tne next zone
;) WBa_,_,_ that the particle would enter

DISTs_ LLs_ It checked all zones and is
MA ARRAY saying that the particle won't
Entire MA array enter any of them.

*

printed.

FPD ARRAY
Ii Entire FPD array

h printed.
- seeeEXIT BEING Probable error in zone specifications

.i CALLED FROM G1. Subroutine PR called to print values

i NEIT ZONE NOT from commons GOMLOC, DBG, and

1 FOUND PAREN. Among the variables printed the
following apply to the maxi::ium body*

. number and therefore have no signifi-
; cance - NBO,N,NUM,ITYPE, SIN,IRP and LOCAT.
; The most important variable is hASC

which is the number of the next body
the ray will intersect. That is, the code.

cannot find what zone this body is in.
(. ;

-
Check zone specification for this body..

;

,
., . . .

- . - , - , ,
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*

Subroutine
3Printing ,

Message Message
_ , , _

Meaning

GG IN GG ITYPEs _ ITYPE is not one of the body

irs _ NB0s_ . types (1 - 9). allowed. User
i has either overstored MA

array or has used a body>

number out of range in the
' zone description.

I LOCEZ IR=_ IBe_,_,_ Zone has not been found.
3 WBe_, Check the zone specifications_,_

: DIST=_ LLs_ for error.

MA ARRAY
q Entire MA array

; printed.
FPD ARRAY4

Entire FPD array.

printed.

**** EXIT BEING
'

CALLED FROM LOOKZ

NORML INVALID RE!! ION OR NASC is not in region IR.
! BODY IN NORMAL. Check whether IR or NASC has

IR=_ NASCs_ been overwritten.
q

NORML ROUND-OFF ERROR IN Self-explanatory. Applies only ;)(:'
J NORMAL NB0s_ LSURFs_ to ELL and BOI.

IP=_,_,_*

PILOT PROBLEM ENC 0UNTERED Printed when PILOT is in a
f IN ARRAY PROCESSING, loop when processing an

q PARTICLE WILL BE array. Particle is probably
TERMINATED AS unable to enter or leave an,

i ESCAPE. array. May be input error.

j' PILOT PILOT CRASH Printed only if debug switch

; IDBG is on (>0) .
'

PILOT ERROR IN PILOT ON If IER>0, previous error message from,

ENTERING ARRAY SORT explains error. If LZ>0 or LMs0,
lattice cell is vacant or cell position
is out-of-range (<0 or > maximum)

: PILOT ERROR IN PILOT ON If IER>0, previous error message from
EXITING ARRAY SORT explains error. If IEZITs1 or

; LMm0. lattice position is out of range.
NL<0 means error in level number.

.
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M9.G.7

Subroutine '

Printing
Message Message Meaning _
SORT FATAL ERROR IN SORT On entering array, particle

*** PARTICLE LOST ON position is not at a lattice cell
ENTERING OR EXITING boundary (RBY) for array; on exiting
ARRAY. array, either lattice position is
M,WAI,IGI,LII.LZ2. > size of array lattice or is,

NIT <0 or particle position is not at
IB, RBI( LI2) ,SML, SMALL lattice cell boundary.

STORA IN STORA EITHER The level number NL is wrong.
AN ILLEGAL LEGAL Either it is greater than the
TRANSFER WAS number of levels (NLEV) or it,

ATTEMPTED OR AN is 0.

| INCORRECT ARRAY
REQUEST WAS MADE
*NL0s)TLs_ NLUsJ Ms_.
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SCALE (Standardized Computer Analyses for Licensing Evaluation), a multi-faceted
computational system, has been developed to provide a standard analysis tool for
use by the NRC staff and licensees in evaluation of nuclear fuel facility and
package designs. Revision 3 describes recent additions and modifications made

I to the SCALE computational system. Combining this material with previously issued
material will update the SCALE Manual to be consistent with the latest publicly
released version of SCALE, called SCALE-3./
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